10/28/2024
1. The range of NVCN0 in APEXCONT and NVCN in *.SUB is changed from 0-4 to 1-5 so that if NVCN=0, then NVCN=NVCN0. 
2. 
8/20/2024
1. Errors fixed for subdaily rainfall-runoff processes in the BSIM
2. IDNT=4 causes a mass balance issue: SOC increases exponentially over time. This was due to an error in AINTRI.f90 on the bottom soil layer while interpolating between Z and ZC.
3. Error fixed in NLIME: OC was in kg/ha unit which is now corrected to % before calling NLIMA.
4. AWP/AWS outputs were incorrect due to faulty areal normalization for the watershed using RWSX when only extreme subareas exist.

5/31/2024
1. Plastic cover (IHC=23/24) effect on ET reduction is added.
2. QN output in DWS had other N components that are now removed.

5/03/2024
1. Error in reading .PSO (point source input) is fixed. The error had to do with using KR and KRST in a mixed way while reading the PSO files to verify the data period falls in the simulation period. 
2. BD/PO/FC/WP are updated based on WOC following Eq. 2.5.84 of the APEX Theory Document if ISW is set to estimate FC/WP.

12/14/2023
1. An issue of crops in rotation not being removed after a kill operation is fixed.

11/27/2023
1. Error fixed: ET output error when AWP is turned on.
2. Error fixed: RESRT reservoir unit errors

9/29/2023
1. Output unit issue on snow fall and snow melt is addressed
1. Mass balance issue on N/P upward movement in soil due to soil evaporation is resolved.

8/11/2023
1. Weather generator for daily solar radiation values is added.
2. Error on RES inflow is fixed in RESRT.
3. Effective drainage area changes in subareas with a resevoir as waterbody expands/shrinks. Nitrogen transport accounting in the runoff is updated to make the unit conversions right.
4. Error is fixed on miscounting vertical flow in NLCH is fixed (Vmm is removed).
5. Outputs are printed in incorrect units in SWT. The issue is fixed. 

5/03/2023
1. Fixed: Water yield output in MWS/AWS had wrong units. It was printed in m3 unit and now is fixed to print in mm unit.

4/12/2023
1. Fixed: Output unit conversion issue in the AWP.
2. Fixed: pesticide daily output in *.DPS does not print all subareas.

3/28/2023
1. Fixed: LAI was not being updated upon a transplanting operation using the user input initial LAI.

10/07/2022
1. Error in weather station ID assignment in the Main is fixed.
2. Pesticide fate and transport (sub PSTCY) is updated based on M.Winchell’s recommendations on unit conversions and etc.

6/29/2022
1. One critical error is found and fixed. Only one weather station’s daily weather was being used for the entire watershed when multiple weather stations existed. Now this is resolved after fixing the subroutine WDLYSTA. 
2. Denitrification method (IDNT) is defaulted to the Kemanian method if not selected between 1-4.

3/01/2022
1. Errors in the units of state variables in the PSTCY are fixed. Pesticide fate and transport calculations rely on surface runoff, percolation, and lateral return flow etc in the PSTCY. These variables were used wrongly in units. 

2/9/2022
1. Possible error in calculating soil carbon pools being in NCNMI_PHOENIX and NCNMI_CENTURY is fixed. In some cases, thse arrays can take negative values due to erroneous calculations. The code is updated to prevent this from happening.


1/13/2022
1. 
Array definition mismatching for NX is fixed.
2. Stack overflow error during large simulations has been fixed (Properties/Fortran/Optimization: Heap Arrays =0

7/12/2021
1. A bug on the units of variables in pest damage calculation is fixed in the BSUB line 1020 	  X1=(ADRF-PRMT(9)*WSAX1)/100.

4/19/2020
1. MODFLOW is excluded from the 20201118 version for ArcAPEX integration. MODFLOW will be added to the ArcAPEX for 1905

10/20/2020
1. Crop ID issue in TLOP causing the kill operation to be ignored is fixed.
2. The error with WPML leaching amount not subtracted from layer storage is fixed in NLCH

6/10/200
1. MODFLOW is added to APEX
a. MODFLOW fortran files are added to APEX in a subfolder MODFLOW
b. IMF parameter is added to APEXCONT (Line 2, column 26). 0=turn off, 1=turn on MODFLOW
c. MODFLOW inputs/outputs are added in a subfolder MODFLOW under TxtInout.
2. Divide by zero error while computing Van Genutchen parameters is fixed in the Main.
3. Error is fixed in SPLA regarding SATC when a soil has only 1 soil layer.
4. Potential error (divided-by-zero) is fixed in BSUB line 526 where WLS gets zeroed after manure erosion.

6/04/2020
1. Richard’s equation is added to soil water percolation methods (IPRK=2).
2. Landscape Wind Erosion (LWE) model is added 
a. LWE input file is added to APEXFILE.DAT
b. In APEXCONT, WND_OP is added (line 6, column 10) to choose between old wind erosion (EWER, wnd_op=0) and the LWE model (wnd_op=1).
c. New fortran files added: EWER2.f90, EWER2_init.f90, EWER2_LIB.f90
d. APEX subroutines updated: modparm, main_1501, bsim, bsub, cptbl, allocate_parms, ainlz


5/08/2020
1. Subroutines related to wind erosion have been updated to fix excess amount of wind erosion.

2/27/2020
1. MASA array values for output unit conversion are corrected for the following outputs: QDRP (143), LGMO (62), QRFN (84), YMNU(88).
2. The maximum number of daily weather stations is increased from 100 to 1000.

2/21/2020
1. Mineral P in manure (WPMU) is added to WPML (soil mineral P) in QDRP/QRP calculation.
2. In *.ACY, OrgP output is fixed by correcting an error in the MASA array

11/6/2019
1. Fixed a bug that resets IDNT to 2 when .OUT is on in the main.

9/05/2019
1. Errors in Izaurralde’s denitrification module are fixed.

5/7/2019
1. Header printing issue in SAD is fixed.

4/11/2019
1. DWS output variables are incorrect in units. The error is fixed.

2/28/2019
1. Error in grazing module (FFED input in the herd file having no influence to output) is fixed.

12/04/2018
1. 5 new s-curve parameters are added in lines 31-35 of the parms.dat
2. Output units error for QRF and WYLD in *.DWS is fixed
3. Paddy module is updated.
4. QPQ (Ratio volume before time to peak (t_p) to total volume of unit hydrograph) is added as a new input in APEXCONT.DAT with a new method for estimating peak flow based on a NRCS method (Not available yet)

10/03/2018
1. Continue to fix errors on unit conversion.
2. KW47/KW48 soil output files are added as requested by Candiss Williams
 
9/24/2018
1. Errors in .OUT, .SUS, .STR on outputs including YP, YN, QP, QN due to the shift in internal handling of calculations from mass per unit to mass are fixed.

8/15/2018
1. Water balance calculation is improved
2. Error in reading daily wind speed generated by weather generator is fixed
3. Error in reading values for missing data in *.dly is fixed

7/16/2017
1. Errors in flood plain erosion and deposition calculation have been fixed 

7/03/2018
1. Errors in flood plain erosion and deposition calculation have been fixed 

6/25/2018
1. Mass balance (water/sediment/nitrogen) calculated in the *.out for the entire watershed is improved.
2. Error is fixed in the code regarding CHMX variable influencing soil erosion.
3. Error is fixed in the PHOENIX C/N method regarding CO2 respiration rate.

6/13/2018
1. Issue with S-curve equation when b2 goes negative is resolved
2. Mass balance calculation is improved
3. Mass balance errors greater than 0.05% are printed in *.ERX

5/22/2018
1. Fixed print errors in *.MSA

5/15/2018
1. The issue of automatic irrigation on perennial crops is fixed
2. Errors in output files fixed.

5/08/2018
1. Bugs in average annual outputs including STR have been fixed.
2. Errors caused by the changes in units of internal variables found in Paddy modules are fixed.

4/17/2018
1. Bugs fixed in SUS/SAO files with RSSF, WYLD values. 

3/5/2018
1. Bugs fixed
2. Header line in *.ASA: alignment issue is fixed

2/21/2018
1. Mass balance (water and sediment) issue is fixed

2/16/18
1. The maximum number of daily weather files that can be loaded to the model is increased to 100 from 20.
2. Numerous bugs fixed
3. An error related to manure erosion is fixed
4. 
12/13/17
1. Paddy module: code is fixed to estimate minP loads in paddy discharge water.

9/13/17
1. Day lengths are corrected based on latitude.
2. An error is fixed on water stress – HI adjustment calculation.
3. Harvest Index is adjusted (reduced) by heat stresses.
4. Harvest Index is adjusted (reduced) by nitrogen stresses.
 
7/26/17
1. Annual crop is killed after damaged by frost. When this happens, the current biomass above/below ground must be reallocated to dead biomass pools like STD and etc. The code was updated to complete the kill processes with frost damage. In earlier versions, frost damage will make the crop disappear from the subarea it was growing and no transition from live biomass to dead biomass was calculated. 

6/20/2017
1. An error is fixed in NUTS.f90 where nitrogen stress is calculated.

5/15/2017
1. Error on *.DHS is fixed

2/1/2017
1. A potential syntax error caused by the Van Genuchten algorithm in the main program is fixed.
2. A possible error in s-curve functions associated with b parameter is resolved. 

1/11/2017
1. New operation is added for Mulching 
2. Mulching (IHC=27) operation adds residue to the surface (from unknown source).
3. OPV(1) is the amount of residue added to the field after the “Mulching” operation (kg/ha)

11/29/2016
1. Paddy module is added
a. a subarea can be diked and water ponding can be simulated with dischare weir
b. irrigation (manual/auto) can be set 
c. target ponding depth (mm): OPV1
d. minimum ponding depth that triggers irrigation (mm): OPV6
e. Set OPV3=9999 and IRR(ISA)=22 to choose paddy irrigation
f. Puddle operation sets weir height using OPV(1) and adjust soil layer 2 Ksat to Parm(39)
g. Destroy puddle destroys the weir (reverting the subarea back to regular upland) and recovers soil layer 2 Ksat0.
2. Transplanting is simulated by setting initial LAI with OPV(3) and a SWD value greater than zero.
3. A bug on reinitializing crop height for annual crops in continuing years has been fixed

11/11/2016
1. van Genuchten equation added to calculating back pass of percolation in HPURK
2. APEXDIM.DAT has 12 inputs
      ! READ DIMENSIONS
      ! 1 MPS = MAX # PESTICIDES
      ! 2 MRO = MAX # YRS CROP ROTATION
      ! 3 MNT = MAX # TILLAGE OPERATIONS
      ! 4 MNC = MAX # CROPS USED
      ! 5 MHD = MAX # ANIMAL HERDS
      ! 6 MBS = MAX # BUY/SELL LIVESTOCK TRANSACTIONS
      ! 7 MFT = MAX # FERTILIZER
      ! 8 MPO = MAX # POINT SOURCES
      ! 9 MHP = MAX# HYDROGRAPH POINTS
      !10 MHX = MAX# DAYS FOR STORM HYDROGRAPH BASE
      !11 MSA = MAX# SUBAREAS
      !12 MIR = MAX# IRRIGATION APPLICATIONS

3. APEXCONT.DAT Lines 1-2 have 44 inputs
      ! 40  IPRK = 0 FOR HPERC 
      !          > 0 FOR HPERC1 (4MM SLUG FLOW)
      ! 41  ICP  = 0 FOR NCNMI_PHOENIX
      !          > 0 FOR NCNMI_CENTURY
      ! 42  NTV  = 0 FOR ORIGINAL APEX NITVOL EQS
      !          > 0 FOR IZAURRALDE REVISED NITVOL EQS
      ! 43  IREM = 0 SSK FROM REMX
      !          > 0 SSK FROM USLE
      ! 44  ISAP = NBSA TO PRINT MONTHLY .OUT FOR 1 SUBAREA
	  
4. Total head of the shallow aquifer storage is estimated using the slope of the aquifer.
	GWSP = GROUND WATER SLOPE (m/m):  *.SIT file line 5
  
Nov. 2015 
Update from 0806 to 1501
1. Input: NBY0 and IYR0 are now two separate inputs in APEXCONT. Also, the first two lines in this file are now free formatted.
2. Input: With new modules added, PARM.dat now has 110 parameters (PARMS) 
a. PARM(98)  = REGULATES FLOW BETWEEN SOLUBLE AND EXCHANGEABLE K POOLS	
b. PARM(99)  = REGULATES FLOW BETWEEN EXCHANGEABLE AND FIXED K POOLS 
c. PARM(100) = CENTURY SLOW HUMUS TRANSFORMATION RATE(D^-1) (0.00041_0.00068)
d. PARM(101) = CENTURY PASSIVE HUMUS TRANSFORMATION RATE(D^-1)(0.0000082_               0.000015) ORIGINAL VALUE = 0.000012  
e. PARM(102) = CRLNC = LOWER NC RATIO OF BIOMASS - POINT AT WHICH CR = 0 AND TRANSFORMATIONS OF STRUCTURAL LITTER AND METABOLIC LITTER ARE. UNIMPEDED BY NC RATIO OF BIOMASS
f. PARM(103) = CRUNC  = UPPER NC RATIO OF BIOMASS - POINT AT WHICH CR = 1 AND TRANSFORMATIONS OF STRUCTURAL LITTER AND METABOLIC LITTER ARE UNIMPEDED BY NC RATIO OF BIOMASS		
g. PARM(104) = WKA    = SPECIFIC BASE RATE FOR AMMONIFICATION (d-1)
h. PARM(105) = WNCMIN = BMNC AT WHICH IMMOBILIZATION IS A MAXIMUM; BMNC AT               WHICH AMMONIFICATION CEASES
i. PARM(106) = WNCMAX = BMNC AT WHICH IMMOBILIZATION CEASES; BMNC AT  WHICH AMMONIFICATION IS A MAXIMUM		
j. PARM(107) = VMU    = MAXIMUM RATE OF UPTAKE OF N DURING IMMOBILIZATION (gN (gC-1) d-1)
k. PARM(108) = WKMNH3 = HALF SATURATION CONSTANT FOR AMMONIA IMMOBILIZATION (mg N L-1)
l. PARM(109) = WKMNO2 = HALF SATURATION CONSTANT FOR NITRITE IMMOBILIZATION (mg N L-1)
m. PARM(110) = WKMNO3 = HALF SATURATION CONSTANT FOR NITRATE IMMOBILIZATION (mg N L-1)
3. Input: PARM.dat has 4 new parameters added as input to the new Izaurralde denitrification method (XKN5, XKN3, XNK1, CBVT)
	PARMS
	Description
	Literature Average
	Experimental ranges

	
	Michaelis Menten constant (Km)
	g/m3
	g/m3
	g/m3

	
	
	Average
	Low
	High

	XKN5
	NO3 reduction
	28.497
	5.000
	50.000

	XKN3
	NO2 reduction
	1.077
	0.300
	4.000

	XKN1
	N2O reduction
	0.046
	0.003
	0.200




4. New module: two additional options are added for denitrification modeling
a. IDNT=3 : Izaurralde Denitrification Subprogram (Original DW)
b. IDNT=4 : Izaurralde Denitrification Subprogram (New DW)
5. New module: 4-mm slug method is added to better simulate soil moisture accounting in the root zone when SW is greater than field capacity.
a. IPRK = 1 : 4-mm Slug method (default=0)
6. New module: PHOENIX model for N & C simulation (ICP = 0; default)
a. Mineralization and immobilization of N and C is simulated using pools following CENTURY (Izaurralde et al. 2006) and C/N of microbial biomass following PHOENIX (McGill et al. 1981) 
7. New module: Izaurralde’s model for N transformation through nitrification and volatilization are dependent on PARM(80) and soil Ph.
a. NTV = 1 : Izaurralde’s model (default NTV=0)
8. Input: 3 new input (IPRK, ICP,NTV) in line 2 of APEXCONT.dat
a. IPRK=0: the default percolation method with which soil moisture content (SW) greater than field capacity (FC) drains subsoil layers instantly
b. IPRK=1: percolation of SW greater than FC is simulated iteratively as a function of PARM82 and Ksat in which SW is released no more than 4mm in each iteration. This option keeps SW > FC for an extended time.
c. ICP=0 : PHOENIX method for C&N modeling
d. ICP=1 : CENTURY method
e. NTV=0 : Original APEX nitrification and volatilization equations
f. NTV=1 : IZAURRALDE equations
9. Output: two new output files are available (lines 12-14 in PRINT.DAT)
a. 41 :  DNC=DAILY NITROGEN/CARBON CESAR IZAURRALDE
b. 42 :  DHS=DAILY HYDROLOGY/SOIL
10. Input: FPSC (floodplain saturated hydraulic conductivity, mm/h) in APEXCONT.DAT is changed to FPS0 (floodplain saturated hydraulic conductivity adjustment factor) (0.1-10)
11. INPUT: two inputs are added in line 6 of APEXCONT.DAT
a. DZDN = LAYER THICKNESS FOR DIFFERENTIAL EQ SOLN TO GAS DIFF EQS(m) (column 7)
b. DTG  = TIME INTERVAL FOR GAS DIFF EQS (h) (column 8)
12. MUSI is removed. It was a variation of MUSLE that allowed user input to MUSLE
a. BUS in APEXCONT.DAT is now removed
13. Input: two new inputs added to *.sub file in line 5
a. SAT1 = SATURARTED CONDUCTIVITY(GREEN & AMPT) ADJUSTMENT FACTOR(.01_10.) (Column 11)
b. FPS1 = FLOODPLAIN SATURARTED CONDUCTIVITY ADJUSTMENT FACTOR(.0001_10.) (column 12)
14. Tables: header lines are added to FERT.DAT and PEST.DAT 
15. Irrigation sources added: 1) reservoir, 2) shallow well (*.sub file line 8)
a.               !  13 IRRS = ID OF SA SUPPLYING IRRIGATION WATER FROM A RESERVOIR                                           
b.               !            0 NO RESERVOIR SUPPLY OR NO IRRIGATION
c.               !  14 IRRW = ID OF SA SUPPLYING IRRIGATION WATER FROM A WELL
d.               !            0 NO WELL SUPPLY
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src/ACOUT.f90

      SUBROUTINE ACOUT(XX,QQ,GKG)

!     APEX1501

!     THIS SUBPROGRAM CONVERTS 2 NUMBERS(MATERIAL MASS AND WATER VOL)

!     TO 1 NUMBER. THE NEW NUMBER HAS MASS IN G OR KG(GKG) ON THE LEFT

!     OF THE DECIMAL AND CONCENTRATION ON THE RIGHT. THE FIRST THREE

!     DIGITS TO THE RIGHT ARE CONCENTRATION AND THE 4TH DIGIT GIVES

!     PARTS PER THOUSAND(0), MILLION(1), BILLION(2), TRILLION(3)

      USE PARM

      IF(XX<1.E-10)RETURN

      X1=.1*GKG*XX/(QQ+1.E-10)

      IF(X1<1000.)THEN

          DO I=1,3

              N2=X1

              IF(N2>0)EXIT

              X1=X1*1.D3

          END DO

          I=MIN(I,3)

          XI=I

          ELSE

          XI=0.

          X1=.001*X1

      END IF    

      N2=XX+.5

      X2=N2

      N1=X1+.5

      X1=N1

      X3=1.D-3*X1+1.D-4*XI

      XX=X2+X3

      RETURN

      END






src/ADAJ.f90

      SUBROUTINE ADAJ(NC,JDT,M,IDA,NYD)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE DAY OF THE YEAR, GIVEN THE MONTH AND

!     THE DAY OF THE MONTH.

      DIMENSION NC(13)

      JDT=NC(M)+IDA

      !IF(M>2)JDT=JDT-NYD    ! Original statement commented out by Luca Doro

      if(m>2)jdt=jdt-1   ! New statement added by Luca Doro. We always subtract one because we have 29 days in Feb in vector NC

      RETURN

      END






src/ADEALLOCATE.f90

      SUBROUTINE ADEALLOCATE                                                      

!     THIS SUBROUTINE DEDEALLOCATES ARRAY SIZES                                          

      USE PARM                                                                       

      DEALLOCATE (CPNM,FPSO,FTNM,PSTN,TITOP,TITSO,HEDH,HED)                                                            

	  DEALLOCATE (KW,ICDT,IDN1T,IDN2T,IDNB,IDOT,IDRO,NHY,NQRB,NTX,NISA,&

	  ICUS,IHC,MASA,NBE,NBT,IDC,KDC,NTP,KDF,KFL)                                                     

	  DEALLOCATE (ISAL,ISAS,NFED,NHRD,NSAL,NSAO,NSAS)                                                               

	  DEALLOCATE (IIR,KIR,NIR)                                               

      DEALLOCATE (IAC,IAMF,IAPL,IAUF,IAUI,IAUL,IBSA,IDFH,IDNF,IDOA,IDON,&

      IDOR,IDR,IDRL,IDS,IEXT,IFA,IFD,IFLS,IGO,IGZ,IHDM,ILQF,IMW,IPMP,&

      IPSO,IPST,IPTS,IRF,IRI,IRO,IRP,IRR,IRRS,IRRW,ISAO,ISCP)

      DEALLOCATE (ISG,ISPF,IWTH,JBG,JCN,JCN0,JCN1,JD,JSA,KC,KP1,KT,KTF,&

      KTMX,KTT,LM,LRD,LUN,LUNS,MXSR,NBCF,NBCT,NBFF,NBFT,NBSA,NBSL,NBW,&

      NDFA,NII,NMW,NPSF,NRO,NVCN,NWDA)

      DEALLOCATE (IPSF,IDG,IX,IX0,KPSN,JPC,KPC,NPC,IHX) 

	  DEALLOCATE (IHU,IYH,JE,JP,JPL,KGO,NCR,NGD,NHU,NYLN)             

	  DEALLOCATE (NCP,NFRT,NPST,NTL)                    

      DEALLOCATE (IDFA,IDFD,IDMU,IGZO,IGZX,IHBS,IYHO,LGIR,NCOW,NGZA,&

      NHBS,NYHO)                  

      DEALLOCATE (IDSL,IDSS,IDOW,IHT,KOMP,IFED,NGZ,LID,LORG,IHRL,&

      IDFT,IDF0)                          

	  DEALLOCATE (ITL,JH,KDT,LFT,LT,LYR,LPC,LY,IHDT,NGIX,NBSX)                                 

      DEALLOCATE (OSAA,OWSA,PKRZ,RNMN,UK,UN,UP,UW)

      DEALLOCATE (FCST,FK,FN,FNMA,FNMN,FNO,FOC,FP,FPO,FSLT)                                                 

	  DEALLOCATE (PCST,PHLF,PHLS,PKOC,PLCH,PSOL,PWOF,SSPS)                                                 

      DEALLOCATE (COOP,COTL,DKH,DKI,EFM,EMX,FPOP,FRCP,FULU,HE,HMO,ORHI,&

      RHT,RIN,RR,STIR,TIL,TLD)                                      

      DEALLOCATE (AEP,ALT,CAF,CKY,CNLV,CNY,CSTS,CPY,DDM,DLAI,DMLA,&

      DMLX,EP,EXTC,FLT,FTO,GMHU,GRDD,GRLV,GSI,HI,HMX,PHUX,PLAX,POPX,&

      PRYF,PRYG,PST,RBMD,RDMX,RLAD,SDW,TBSC,TCPA,TCPY,TOPC,VPD2,VPTH,&

      WA,WAI,WAVP,WAX,WCY,WSYF,WXYF,XDLAI,XMTU,YLD,YLX)                    

      DEALLOCATE (ABD,AFLG,AGPM,ALGI,ALQ,ARMN,ARMX,ARSD,BA1,BA2,BCOF,&

      BCV,BFFL,BFSN,BFT,BGWS,BIG,BIR,BR1,BR2,BRSV,BSALA,BSNO,BSW,BTC,&

      BTCX,BTCZ,BTK,BTN,BTNX,BTNZ,BTP,BTPX,BTPZ,BV1,BV2,BVIR,CFNP,CHL,&

      CHMX,CHN,CHS,CHXA,CHXP,CLG,CN0,CN2,CNSX)

      DEALLOCATE (COST,COWW,CPMX,CST1,CV,CVF,CVP,CVRS,CYAV,CYMX,CYSD,&

      DALG,DDLG,DEPC,DHT,DKIN,DKHL,DRT,DST0,DWOC,EFI,EK,EM10,EVRS,EVRT,&

      FBAR,FBM,FCMN,FCMP,FDSF,FFC,FFPQ,FGC,FGSL,FHP,FIRG,FPF,FPSC,FSFN,&

      FSFP,GMA,GRDL,GWE0,GWEL,GWSN,GWST,GWMX,GZRF,HCLD,HCLN,HLMN,HR0,&

      HSM,OCPD)

      DEALLOCATE (OMAP,ORSD,PAW,PCOF,PDAW,PDPL,PDPL0,PDPLC,PDPLX,PDSKC,&

      PDSW,PEC,PMX,PM10,PRSD,PSTF,PSTM,PSTS,QCAP,QRBQ,QRQB,RCBW,RCF,RCHC,&

      RCHD,RCHK,RCHL,RCHN,RCHS,RCHX,RCSS,RCTW,REPI,RFPK,RFPL,RFPS,RFPW,&

      RFPX,RFQN,RFTT,RFV,RFV0,RHD,RHTT)

      DEALLOCATE (RINT,RLF,RMXS,ROSP,RRUF,RSAE,RSAP,RSBD,RSDP,RSEE,RSEP,&

      RSF,RSHC,RSK,RSLK,RSOC,RSON,RSOP,RSO3,RSRR,RSSA,RSSP,RST0,RSV,RSVB,&

      RSVE,RSVF,RSVP,RSPK,RSYB,RSYF,RSYN,RSYS,RVE0,RVP0,RZ,RZSW,&

      SALA,SALB,SAMA,SATK,SCI,SCNX,SDVR,SLF,SLT0,SLTX,SMAS,SMEO,SMFN,&

      SMFU,SMKS,SMLA,SMMU,SMNS,SMNU,SMPL,SMPQ,SMPS,SMPY,SMRF,SMSS,SMST,&

      SMTS,SMWS,SMX,SMY1,SMY2,SNO,SOLQ,SPFD,SPLG,SRAD,SRSD,SSFI,SSIN,SSW)                     

      DEALLOCATE (ST0,STDO,STDOK,STDON,STDOP,STKR,STLT,STP,SW,&

      SWLT,SYN,S3,TAGP,TCC,TCS,TFLG,THK,TILG,TKR,TLMF,TMN,TMX,TNOR,&

      TOC,TPSF,TRSD,TSLA,TSMY,TSNO,TVGF,TYK,TYN,TYP,U10,UB1,UOB,UPSX,&

      URBF,USL,VAC,VALF1,VAP,VCHA,VCHB,VFPA,VFPB,VIMX,VIRT,VLG,VLGB,&

      VLGI,VLGM,VLGN,VPU,VRSE,VSK,VSLT,WDRM)                                                     

      DEALLOCATE (WK,WS,WSA,WSX,WTMB,WTBL,WTMN,WTMU,WTMX,XCT,XHSM,XIDK,&

      XIDS,XMAP,XNS,XRFI,YCT,YLC,YLS,YTN,YTX,ZBMC,ZBMN,ZCO,ZCOB,ZEK,ZFK,&

      ZFOP,ZHPC,ZHPN,ZHSC,ZHSN,ZLM,ZLMC,ZLMN,ZLS,ZLSC,ZLSL,ZLSLC,ZLSLNC,&

      ZLSN,ZNH3,ZNO3,ZNMU,ZNOA,ZNOS,ZNOU,ZOC,ZON,ZPMA,ZPML,ZPMS,ZPMU,&

      ZPO,ZPOU,ZSK,ZSLT,ZTP)                                               

      DEALLOCATE (CPVH,DPMT,DRAV,ERAV,HYDV,RCTC,PRAV,PRB,PSZM,QC,QDR)

      DEALLOCATE (QDRN,QDRP,QN,QP,QPR,QPU,QRF,QRFN,QRFP,QRP,QURB,QVOL,&

      RQRB,RSFN)

      DEALLOCATE (RSSF,RWSA,SHYD,SMIO,SMQN,SMYN,SQC,SQN,SQP,SQVL,SSN,SST,&

      STY,SYC)

      DEALLOCATE (SYP,TC,TCAV,TCMN,TCMX,TSFK,TSFN,VAQN,VAQP,VAYN,VAYP,&

      VQC,VSSN,VYC,WYLD)

      DEALLOCATE (YC,YCOU,YCWN,YMNU,YN,YNOU,YNWN,YP,YPM,YPOU,YPWN,YW)

      DEALLOCATE (PSO3,PSON,PSOP,PSOQ,PSOY,PQPS,PSSP,PYPS)

      DEALLOCATE (QGA,RFDT,VARW)

      DEALLOCATE (EO5,RF5,SCFS,XMS,ASW,CX,QIN,SET,SRD,SRMX,TAMX,TCN,TCVF,&

      TEI,TET,THRL,TQ,TR,TRHT,TSN,TSR,TSY,TXMX,TXMN,TQN,TQP,TQPU,TYON,&

      TYTP,TYW,CNSC)

      DEALLOCATE (ALS,BD,BDD,BDM,BDP,BPT,CAC,CBN,CDG,CEC,CLA,CNDS,&

      CNRT,CPRH,CPRV,DHN,ECND,EQKE,EQKS,EXCK,FE26,FIXK,FOP,HCL,PH,PO,&

      PSP,ROK,RSD,RSDM,SAN,SATC,SEV,SIL,SMB,SOLK,SULF,SUT)

      DEALLOCATE (SWST,STFR,STMP,VNO3,WBMN,WCMU,WCOU,WHPC,WHPN,WHSC,&

      WHSN,WKMU,WLM,WLMC,WLMN,WLS,WLSC,WLSL,WLSLC,WLSLNC,WLSN,&

      WNMU,WNOU,WOC,WON,WPMA,WPML,WPMS,WPMU,WPO,WPOU,WSLT,WT,Z)

      DEALLOCATE (ACET,AJH1,AJHI,AWC,CAW,CNT,CPHT,CSTF,DM,DMF,DM1,ETG,&

      FRTK,FRTN,FRTP,HU,HUF,HUI,PPL0,RD,RDF,REG,RW,SLAI,SLA0,SRA,STD,&

      STDK,STDL,STDN)               

      DEALLOCATE (STDP,STL,SWH,SWP,TCAW,TDM,TETG,TFTK,TFTN,TFTP,THU,TRA,&

      TRD,TVIR,TYL1,TYL2,TYLK,TYLN,TYLP,UK1,UNA,UN1,UP1,VIR,WCHT,WLV,&

      XLAI,XDLA0,YLD1,YLD2,YLKF,YLNF,YLPF)

      DEALLOCATE(ACO2C,AFP,AN2OC,AO2C,CGCO2,CGN2O,CGO2,CLCO2,CLN2O,CLO2)

      DEALLOCATE(DCO2GEN,DN2G,DN2OG,DO2CONS,DPRC,DPRN,DPRO,DRWX,EAR,FC,&

      HKPC,HKPN)

      DEALLOCATE(HKPO,RSPC,RWTZ,S15,SADST,SMEA,SMES,SOT,SSFCO2,SSFN2O,&

      SSFO2)

      DEALLOCATE(TPOR,VCO2,VGA,VGN,VN2O,VO2,VFC,VWC,VWP,WBMC,WCO2G,&

      WCO2L,WN2O,WN2OG,WN2OL,WNO2,WNH3,WNO3,WO2G,WO2L,XN2O,ZC)    

      DEALLOCATE (YHY,SMH,SMYH,VARH,QPST,RSPS,TSPS,YPST,SRCH,CPFH,QSF,&

      SSF,SM,SMUA,SMY,SMYUA,VAR,VARUA,CTSA,VQ,VY,GWPS,PFOL,ANA,FNMX,&

      GCOW,GZLM,DUMP,FFED,GZRT,VURN,PPX,YSD,PCT,PCTH,SQB,SYB,FNP,SMYRP,&

      BK,BN,BP,BLG,BWN,DLAP,FRST,PPCF,PPLP,RWPC,STX,WAC2,PPLP_MAX)    

      DEALLOCATE (SMMH,PVQ,PVY,PSTE,PSTR,PSSF,PSTZ,CND,SMM,SMMUA,STV,&

      SMS,SOL,FIRX,QIR,RSTK,TIR,VIRR,WFA,WMUCH,PHU,POP,PPLA,VARC,SMAP,&

      SMYP,VARP,SMMRP,SMRP)

      !SPQ(5,20,MHY),SPQC(5,20,MHY),SPY(5,20,MHY)

      DEALLOCATE (TSFC,SOIL,HUSC,RWT,STDA,SFCP,SFMO,XZP,QHY)

      DEALLOCATE (SMMP,SMMC,KRST,vgSat,vgRes)

      ! DEALLOCATE (APQ(5,20,100,MHY),APQC(5,20,100,MHY),APY(5,20,100,MHY)&              

      ! ,AQB(5,20,100,MHY),AYB(5,20,100,MHY),SMMP(20,MPS,12,MSA),SMMC(15,&             

      ! MNC,12,MSA))

      ! deallocate paddy arrays Jaehak 2016                                                                                        

      DEALLOCATE(SUB_D50,PADDY_STO,PADDY_OUT,PADDY_HWEIR,PADDY_HMIN)

      DEALLOCATE(HWEIR,LWEIR,PADDY_LWEIR,HMIN_IRR)

      deallocate(xgo2,xgco2,xgn2o)    ! Variables added by Luca Doro

      RETURN                                                                         

      END                                                                            

                                                                                     








src/ADSTN.f90

      FUNCTION ADSTN(RN1,RN2)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES A STANDARD NORMAL DEVIATE GIVEN TWO RANDO

!     NUMBERS

      ADSTN=SQRT(-2.*LOG(RN1))*COS(6.283185*RN2)

      RETURN

      END






src/AEXINT.f90

      SUBROUTINE AEXINT(WW,SUM)

!     APEX1501

!     THIS SUBPROGRAM INTEGRATES THE MODIFIED EXPONENTIAL EQ.

      X1=1.

      DX=.1

      SUM=0.

      Y1=0.

      DO WHILE(DX>1.E-4)

          XY=0.

          DO WHILE(XY<.1)

              X2=X1-DX

              IF(X2<=0.)EXIT

              Y2=(-LOG(X2))**WW

              XY=(Y2+Y1)*DX

              SUM=SUM+XY

              X1=X2

              Y1=Y2

          END DO

          DX=DX*.5

      END DO

      SUM=SUM*.5

      RETURN

      END






src/AHEAD.f90

      SUBROUTINE AHEAD

!     THIS SUBPROGRAM SETS HEADERS AND INITIALIZES GLOBAL VARIABLES

      USE PARM

      HEDC=(/" HUI"," LAI","  RD","  RW","BIOM"," STL","CPHT"," STD",&

      "STDL","  WS","  NS","  PS","  KS","  TS","  AS","SALT"," REG"/)

      HEDP=(/"PAPL","PSRO","PLCH","PSSF","PSED","PDGF","PDGS","PFOL",&

      "PSOL","PDRN","PRSF","PDPK","PSIN"/)

      HEDR=(/" QSS"," QTS","  YS"," YNS"," YPS"," QNS"," QPS","YMUS",&

      "QPUS"," YCS"," QSW"," QTW","  YW"," YNW"," YPW"," QNW"," QPW",&

      "YMUW","QPUW"," YCW"/)

      HEDS=(/"ZNH3","ZNO3","ZPML"," ZSK"," UNM"," UPM"," UKM","RZSW",&

      "WTBL","GWST","STDO"," RSD","RSVQ","RSVY","RSSA","SWLT"," SNO",&

      "RSDM","GWSN","ZSLT"/)

      HDRP=(/"QPSI","YPSI","QPSO","YPSO","    "/)

      CMDX=(/"SA","RT","AD","RS","PD"/)

      SID=(/"   1","   2","   3","   4","   5","   6","   7","   8",&

      "   9","  10"," TOT"/)

	  NJC=4;NKA=100;NKD=40;NKS=20;NKY=40;NSZ=3;NPRC=30

      NC=(/0,31,60,91,121,152,182,213,244,274,305,335,366/)

      NXP=(/1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,&

      23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,&

      44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,&

      65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,&

      86,87,88,89,90/)

      NDC=(/1,2,3,4,5,6,7,8,9,10,11/)

	  NHC=(/1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,&

      23,24,25,26,27/)

      KR=(/11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,&

      31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,&

      52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70/)

      PSZ=(/200.,10.,2.,30.,500./)

      PI2=6.283185;PIT=58.13;SBAL=0.;YLNX=0.;CLT=57.296

	  RETURN

      END






src/AICL.f90

      SUBROUTINE AICL

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE DAY OF THE MONTH, GIVEN THE MONTH AND

!     THE DAY OF THE YEAR.

      USE PARM

      KDA=JDA-NC(MO)

      IF(MO>2)KDA=KDA+NYD

      RETURN

      END






src/AINIX.f90

      SUBROUTINE AINIX

!     APEX1501

!     THIS SUBPROGRAM INITIALIZES RANDOM NUMBER GENERATOR SEEDS.

      USE PARM

      ISA=1

      IX(1)=748932582

      IX(2)=1985072130

      IX(3)=1631331038

      IX(4)=67377721

      IX(5)=366304404

      IX(6)=1094585182

      IX(7)=1767585417

      IX(8)=1980520317

      IX(9)=392682216

      IX(10)=64298628

      IX(11)=250756106

      IX(12)=1025663860

      IX(13)=186056398

      IX(14)=522237216

      DO I=1,10

          UW(I)=0.

      END DO  

      RETURN

      END






src/AINLZ.f90

      SUBROUTINE AINLZ

!     APEX1501

!     THIS SUBPROGRAM INITIALIZES VARIABLES

      USE PARM

      IAD=0

      IAPL=0

      IDFA=0

      IDMU=1

      IDNF=0

      IDRL=0

      IDRO=1

	  IEXT=0

      IFED=0

      IGC=0

      IGO=0

      IGZ=0

      IGZX=0

      IHRL=0

      IHT=0

      IHU=0

	  IHV=0

	  IPL=0

      IPMP=0

      IPSF=0

      IPSO=1

      IPST=0

      IPY=1

      IPYI=1

      IRH=0

      IRP=0

	  ISAS=0

      ISCP=0

      JBG=0

      JCN=0

      JCN0=0

      JCN1=0

      JD0=400

      JE=MNC

      JPL=0

      KDF=0

      KDT=0

      KDT2=0

      KGO=0

      KPSN=0

      KTF=0

      LC=0

	  LW=1

	  LY=0

	  LYR=0

	  MXT=0

	  NBCF=0

	  NBFF=0

	  NCOW=0

	  NCP=0

	  NCR=0

      NDF=0

      NDFA=0

      NDP=0

      NDT=0

	  NDWT=1

	  NEV=1

      NGD=0

	  NGZ=0

	  NHRD=0

	  NHU=0

	  NHY=0

	  NMW=0

	  NQRB=0

      NSAO=0

      NTL=0

      NWDA=0

      NYLN=0

      ACET=0.

      ADHY=0.

	  ADRF=100.

	  AFLG=0.

      AGPM=0.

      AJH1=0.

	  AJHI=0.

	  ALGI=0.

	  ALMN=.02083

	  ANA=0.

!	  APQ=0.

!     APY=0.

!     AQB=0.

!     AYB=0.

	  ARSD=0.

      ASW=0.

      AWC=0.

      BVIR=0.

	  CAW=0.

      CHMX=0.

      CNDS=0.

      CNLV=0.

	  COST=0.

      CPFH=0.

	  CPHT=.01

      CPVH=0.

      CSFX=0.

      CST1=0.

      CSTF=0.

      CV=0.

      CVP=0.

      CVRS=0.

      CX=1.E-10

      CYAV=0.

      CYMX=0.

      CYSD=0.

      D150=0.

	  DEPC=0.

	  DHT=0.

      DKHL=0.

	  DM=0.

      DM1=0.

      DMF=0.

	  DRAV=0.

	  DRWX=0.

	  DUMP=8.

	  EAR=1.

	  ECND=0.

	  EO5=2.

	  EP=0.

	  ERAV=0.

	  ETG=0.

      EVRS=0.

	  EXCK=0.

	  EXTC=.65

	  FCMN=0.

      FCMP=0.

	  FFED=0.

	  FGC=0.

	  FGSL=0.

	  FIXK=0.

	  FNP=0.

	  FPF=0.

      FPSO=''

	  FRTK=0.

	  FRTN=0.

	  FRTP=0.

	  FSFN=0.

	  FSFP=0.

	  FULU=0.

	  GWPS=0.

	  GZRF=1.

	  GZRT=14.

	  HU=0.

	  HUF=0.

	  HUI=0.

      LAI_INIT=0.

	  OCPD=0.

      OMAP=0.

      PAW=0.

      PDAW=0.

      PDPL=0.

      PDSKC=0.

      PDSW=0.

	  PFOL=0.

	  PHU=0.

	  PM10=0.

      PMOEO=100.

      PMORF=100.

      POP=0.

      PPL0=0.

      PPLA=0.

      PRAV=0.

      PRB=0.

      PRSD=0.

      PSTF=1.

      PSTM=0.

      PSTN='                '

      PSTS=0.                      

      PSTZ=0.

	  PSZM=2.

	  PVQ=0.

	  PVY=0.

	  QC=0.

	  QDR=0.

	  QDRN=0.

	  QDRP=0.

	  QGA=0.

	  QHY=0.

	  QIN=0.

	  QN=0.

	  QP=0.

	  QPST=0.

	  QPU=0.

	  QRBQ=0.

      QRF=0.

      QRFN=0.

	  QRQB=0.

      QSF=0.

	  RCF=1.

	  RD=0.

      RDF=0.

	  REG=0.

	  RF5=0.

	  RFQN=0.

	  RFSG=0.

      RHTT=0.

      RINT=0.

      RMXS=0.

      RMX0=0.

      RNCF=1.

      RNMN=0.

      RRUF=0.

	  RSD=0.

      RSDM=0.

      RSFN=0.

      RSPC=0.

      RSPS=0.

      RSSA=0.

      RSSF=0.

      RST0=0.

      RSTK=0.

      RSVE=0.

	  RSVP=0.

      RSPK=0.

	  RW=0.

	  RWT=0.

	  RZSW=0.

	  SDRF=0.

	  SDVR=0.

	  SET=0.

      SEV=0.

	  SFCP=0.

	  SFMO=0.

      SHRL=1.

      SHYD=0.

      SLAI=0.

      SLA0=.05

      SM=0.

      SMA4=0.

      SMAP=0.

      SMFN=0.

      SMFU=0.

      SMH=0.

      SMIO=0.

      SMLA=.01

      SMM=0.

      SMMH=0.

      SMMP=0.

	  SMMR=0.

	  SMMRP=0.

	  SMMU=0.

      SMMUA=0.

      SMNU=0.

      SMQN=0.

      SMR=0.

      SMRP=0.

	  SMS=0.

	  SMST=0.

	  SMSW=0.

	  SMY=0.

      SMYH=0.

      SMYP=0.

      SMYR=0.

      SMYRP=0.

      SMYUA=0.

      SOFU=0.

      SOIL=0.

      SOLK=0.

      !SPQ=0.

      !SPY=0.

	  SQB=0.

      SQC=0.

      SQN=0.

      SQP=0.

	  SQVL=0.

	  SRA=0.

	  SRAD=0.

	  SRCH=0.

	  SRD=0.

	  SRMX=0.

      SRSD=0.

      SSFCO2=0.

      SSFI=0.

      SSFK=0.

	  SSFN=0.

	  SSFN2O=0.

	  SSFO2=0.

      SSIN=0.

      SSN=0.

      SST=0.

      SSW=0.

      STD=0.

      STDA=0.

      STDK=0.

      STDL=0.

      STDN=0.

      STDO=0.

      STDOK=0.

      STDON=0.

      STDOP=0.

      STDP=0.

      STIR=0.

      STKR=0.

      STL=0.

      STV=0.

	  STY=0.

      SWLT=0.

      SYB=0.

      SYC=0.

      SYMU=0.

      SYN=0.

      SYP=0.

	  TAGP=0.

	  TAMX=0.

      TC=0.

	  TCAV=0.

	  TCAW=0.

      TCMN=100.

      TCMX=0.

	  TCN=0.

	  TCPA=0.

	  TCPY=0.

	  TCVF=0.

      TDM=0.

      TETG=0.

      TEI=0.

      TET=0.

      TEV1=0.

	  TEVP=0.

	  TFTN=0.

	  TFTP=0.

	  TFTK=0.

	  THK=0.

      THRL=0.

      THU=0.

	  TKR=0.

	  TLMF=0.

      TMAF=0.

      TMAP=0.

	  TMNF=1.

	  TMPD=0.

	  TMXF=0.

	  TNYL=0.

	  TPRK=0.

      TPSF=0.

      TPSP=0.

      TQ=0.

	  TQN=0.

	  TQP=0.

	  TR=0.

	  TRA=0.

      TRD=0.

      TRHT=0.

	  TRSD=0.

	  TSFC=0.

	  TSFK=0.

      TSFN=0.

      TSN=0.

	  TSNO=0.

	  TSPS=0.

	  TSR=0.

	  TSY=0.

	  TVGF=0.

	  TVIR=0.

	  TXMN=0.

	  TXMX=0.

	  TYK=0.      

      TYL1=0.

      TYL2=0.

      TYLK=0.

      TYLN=0.

      TYLP=0.

	  TYN=0.

	  TYON=0.

	  TYP=0.

	  TYTP=0.

	  TYW=0.

	  UK1=0.

	  UN1=0.

      UP1=0.

	  UW=0.

      V56=0.

      V57=0.

	  VAC=0.

	  VALF1=0.

      VAP=0.

      VAR=0.

      VARC=0.

      VARH=0.

      VARP=0.

      VARW=0.

      VCHA=0.

	  VCHB=0.

	  VCO2=0.

	  vfc=0.    ! Variable added by Luca Doro

      VFPA=0.

	  VFPB=0.

	  VIR=0.

      VIRT=0.

	  VLG=0.

	  VLGI=0.

	  VLGM=0.

	  VN2O=0.

	  VO2=0.

	  VPU=0.

	  VQ=0.

	  VSLT=0.

      VSSN=0.

	  VURN=40.

      VY=0.

	  WBMC=0.

      WBMX=0.

	  WCHT=0.

	  WCMU=0.

	  WCO2G=0.

	  WCO2L=0.

	  WCOU=0.

	  WHPC=0.

	  WHSC=0.

      WLMC=0.

	  WLSC=0.

	  WLV=0.

	  WN2O=0.

	  WN2OG=0.

	  WN2OL=0.

	  WNH3=0.

	  WNO2=0.

	  WNO3=0.

      WNMU=0.

      WNOU=0.

      WO2G=0.

      WO2L=0.

      WPML=0.

      WPMU=0.

      WPOU=0.

	  WOC=0.

	  WS=1.

	  WSLT=0.

      WTMU=0.

      WTN=0.

      WYLD=0.

      XHSM=0.

      XIM=0.

      XMTU=0.

	  YC=0.

	  YCOU=0.

	  YHY=0.

	  YLD=0.

	  YLD1=0.

      YLD2=0.

      YLK=0.

      YLKF=0.

      YLN=0.

	  YLNF=0.

	  YLP=0.

	  YLPF=0.

	  YLX=0.

	  YMNU=0.

	  YN=0.

	  YNOU=0.

	  YNWN=0.

	  YP=0.

      YPM=0.

	  YPOU=0.

	  YPST=0.

      ZBMC=0.

      ZHPC=0.

      ZHSC=0.

      ZLMC=0.

	  ZLSC=0.

      ZNO3=0.

      ZNOA=0.

      ZNOS=0.

      ZPMA=0.

      ZPML=0.

      ZPMS=0.

      ZPMU=0.

      ZPO=0.

	  ZPOU=0.

	  ZEK=0.

	  ZFK=0.

	  ZSK=0.

	  ZSLT=0.

      !paddy variables jaehak jeong 2014

      HWEIR=0.

      LWEIR=0.

      PADDY_OUT=0.

      PADDY_STO=0.

      PADDY_HWEIR=0.

      PADDY_LWEIR=0.

      paddy_irrmm=0.

      PADDY_HMIN=0.

      HMIN_IRR=0.

     !Landscape wind erosion J Jeong 2020

      curday_gap_stor=0.

      curday_wind_stor=0.

      gap_pdf=0.

      ustar_okin_pdf=0.

      soil_psd=0.

      psd_m=0.

      psd_f=0.

      ustart_pdf=0.

      hflux_pdf=0.

      vflux_pdf=0.

      curday_gap_stor=0.

      curday_wind_stor=0.

      gamma_parms=0.

      nbinw=0

      nbinvg=0

      LWE_IWND=1

      LWE_IPLT=1

      LWE_IHT=1

      LWE_ICOV=1

      soil_psd_parm=0.

      min_disp_params=0.

      full_disp_params=0.

      hflux_total=0.

      vflux_total=0.

      PLASTP=0.

      okin_A=0.

      SHAO_11_CY=0.

      KAPPA=0.

      pdf_factor=0.

      okin_ssr0=0.

      okin_efold=0.

      LWE_z0=0.

      max_cangap=0.

      ustar_total=0.

      ustart_total=0.

      sand=0.

      silt=0.

      clay=0.

      veg_cover_fraction=0.

      nval_wind=0

      nval_gap=0

      veg_mean_height_stor=0.

      veg_cover_fraction_stor=0.

      curday_gap_mean_stor=0.

      u_avg_stor=0.

      PPLP_MAX=0.

	  ICMD=1

      

      RETURN

      END






src/AINTRI.f90

      SUBROUTINE AINTRI(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH UN

      ! EQUAL THICKNESS TO LAYERS OF EQUAL THICKNESS USED IN DIFFERENTIAL

      ! EQUATIONS OF GAS DIFFUSION.

      USE PARM

      DIMENSION X(MSL,MSA),Y(MSC,MSA)

      ZZ=0.

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N1

          L=LID(K,ISA)

          DO 

              IF(ZC(J,ISA)>Z(L,ISA))EXIT

              Y(J,ISA)=TOT+X(L,ISA)*(ZC(J,ISA)-ZZ)/(Z(L,ISA)-Z1)

              ZZ=ZC(J,ISA)

              J=J+1

              IF(J>N2)EXIT

              TOT=0.

          END DO

          TOT=TOT+X(L,ISA)*(Z(L,ISA)-ZZ)/(Z(L,ISA)-Z1)

          IF(J>N2)EXIT

          Z1=Z(L,ISA) 

          ZZ=Z(L,ISA)

      END DO

      !I=MIN(J,N2)

      !Y(I,ISA)=TOT

      RETURN

      END






src/AINTRIC.f90

      SUBROUTINE AINTRIC(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES CONCENTRATIONS FROM LAYERS WITH UN

      ! EQUAL THICKNESS TO LAYERS OF EQUAL THICKNESS USED IN DIFFERENTIAL

      ! EQUATIONS OF GAS DIFFUSION.

      USE PARM

      DIMENSION X(MSL,MSA),Y(MSC,MSA)

      ZZ=0.

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N1

          L=LID(K,ISA)

          DO 

              IF(ZC(J,ISA)>Z(L,ISA))EXIT

              Y(J,ISA)=TOT+X(L,ISA)*(ZC(J,ISA)-ZZ)

              ZZ=ZC(J,ISA)

              J=J+1

              IF(J>N2)RETURN

              TOT=0.

          END DO

          IF(J>N2)RETURN

          TOT=TOT+X(L,ISA)*(Z(L,ISA)-ZZ)

          Z1=Z(L,ISA) 

          ZZ=Z(L,ISA)

      END DO

      DO I=1,N2-1

          Y(I,ISA)=Y(I,ISA)/DZDN

      END DO 

      Y(N2,ISA)=MAX(X(LID(N1,ISA),ISA),TOT/DZDN)

      RETURN

      END






src/AINTRO.f90

      SUBROUTINE AINTRO(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH   

      ! EQUAL THICKNESS (OUTPUT FROM DIF EQ SOLN OF GAS DIFFUSION EQS) TO

      ! LAYERS OF UNEQUAL THICKNESS (INPUT SOIL LAYERS).

      USE PARM

      DIMENSION X(MSC,MSA),Y(MSC,MSA)

      Z1=0.

      TOT=0.

      AD1=0.

      AD2=0.

      J=1

      DO K=1,N2

          AD1=AD1+X(K,ISA)

          DO WHILE(J<=N1)

              L=LID(J,ISA)

              IF(Z(L,ISA)>ZC(K,ISA))EXIT

              Y(L,ISA)=TOT+X(K,ISA)*(Z(L,ISA)-Z1)/DZDN

              AD2=AD2+Y(L,ISA)

              Z1=Z(L,ISA)

              J=J+1

              TOT=0.

          END DO

          IF(J<=N1)THEN

              TOT=TOT+X(K,ISA)*(ZC(K,ISA)-Z1)/DZDN

              Z1=ZC(K,ISA)

          ELSE

              EXIT  

          END IF

      END DO

      L=LID(N1,ISA)     

      Y(L,ISA)=Y(L,ISA)+AD1-AD2

      RETURN

      END






src/AINTRX.f90

      SUBROUTINE AINTRX(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH   

      ! EQUAL THICKNESS (OUTPUT FROM DIF EQ SOLN OF GAS DIFFUSION EQS) TO

      ! LAYERS OF UNEQUAL THICKNESS (INPUT SOIL LAYERS).

      USE PARM

      DIMENSION X(MSC,MSA),Y(MSL,MSA)

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N2

          DO WHILE(J<=N1)

              L=LID(J,ISA)

              IF(Z(L,ISA)>ZC(K,ISA))EXIT

              Y(L,ISA)=TOT+X(K,ISA)*(Z(L,ISA)-Z1)

              Z1=Z(L,ISA)

              J=J+1

              TOT=0.

          END DO

          IF(J<=N1)THEN

              TOT=TOT+X(K,ISA)*(ZC(K,ISA)-Z1)

              Z1=ZC(K,ISA)

          ELSE

              EXIT  

          END IF

      END DO

      Z1=0.

      DO J=1,N1

          L=LID(J,ISA)     

          Y(L,ISA)=Y(L,ISA)/(Z(L,ISA)-Z1)

          Z1=Z(L,ISA)

      END DO

      RETURN

      END






src/AISHFL.f90

      SUBROUTINE AISHFL

!     APEX1501

!     THIS SUBPROGRAM SHUFFLES DATA RANDOMLY.(BRATLEY,FOX,SCHRAGE,P.34)

      USE PARM

      DO I=13,2,-1

          II=IDG(I)

          RN=AUNIF(14)

          K=I*RN+1

          IDG(I)=IDG(K)

          IDG(K)=II

      END DO

      RETURN

      END






src/AISPL.f90

      SUBROUTINE AISPL(II,JJ)

!     APEX1501

!     THIS SUBPROGRAM SPLITS DUAL PURPOSE INTEGER INPUT VARIABLES.

      USE PARM

      XX=II

      XX=XX*.1

      JJ=XX

      II=II-JJ*10

      RETURN

      END






src/ALLOCATE_PARMS.f90

      SUBROUTINE ALLOCATE_PARMS                                                      

!     THIS SUBROUTINE ALLOCATES ARRAY SIZES                                          

      USE PARM                                                                       

      MSL=12                                                                              

      MSO=50                                                                         

	  NSM=158 

	  MSC=31                                                                                                                                                          

	  NSH=37

      NRNG=14

      NRN0=NRNG-1

	  ML1=MSL+1                                                                           

      MHY=MSA*4                                                                      

      MHY5=MHY*5                                                                     

      MLA=MSL*MSA                                                                    

      MLA1=ML1*MSA                                                                   

      MLA17=MSL*MSA*17                                                               

	  MPA=MPS*MSA                                                                         

      MPA90=MPA*90                                                                   

      MPLA=MPA*MSL                                                                   

	  MCA=MNC*MSA                                                                         

      MCA5=MCA*5                                                                     

      MCA12=MCA*12                                                                   

      MCCA=MNC*MNC*MSA                                                               

      MRA=MRO*MSA                                                                    

      MRCA=MRA*MNC                                                                   

      MRTA=MNT*MRA                                                                   

	  MLCA=MNC*MLA

	  NBMX=MAX(NBMX,MHY)                                                                        

      ALLOCATE (CPNM(MNC),FPSO(NBMX),FTNM(MFT),PSTN(MPS),TITOP(MSA),&

      TITSO(MSA),HEDH(NSH),HED(NSM))                                                            

	  ALLOCATE (KW(2*MSA+MSO),ICDT(MHY),IDN1T(MHY),IDN2T(MHY),IDNB(MHY),&                 

      IDOT(MHY),IDRO(MHY),NHY(MHY),NQRB(MHY),NTX(MHY),NISA(NBMX),ICUS&

      (MNT),IHC(MNT),MASA(NSM),NBE(MNT),NBT(MNT),IDC(MNC),KDC(MNC),&

      NTP(MNC),KDF(MFT),KFL(MSO+1))                                                     

	  ALLOCATE (ISAL(MOW),ISAS(MOW),NFED(MOW),NHRD(MOW),NSAL(MSA),NSAO&                   

      (MOW),NSAS(MOW))                                                               

	  ALLOCATE (IIR(MIR),KIR(MIR),NIR(MIR))                                               

	  ALLOCATE (IAC(MSA),IAMF(MSA),IAPL(MSA),IAUF(MSA),IAUI(MSA),IAUL&                    

      (MSA),IBSA(MSA),IDFH(MSA),IDNF(MSA),IDOA(MSA),IDON(MSA),IDOR(MSA),&

      IDR(MSA),IDRL(MSA),IDS(MSA),IEXT(MSA),IFA(MSA),IFD(MSA),IFLS(MSA),&

      IGO(MSA),IGZ(MSA),IHDM(MSA),ILQF(MSA),IMW(MSA),IPMP(MSA),IPSO(MSA),&

      IPST(MSA),IPTS(MSA),IRF(MSA),IRI(MSA),IRO(MSA),IRP(MSA),IRR(MSA),&

      IRRS(MSA),IRRW(MSA),ISAO(MSA),ISCP(MSA))

      ALLOCATE (ISG(MSA),ISPF(MSA),IWTH(MSA),JBG(MSA),JCN(MSA),&

      JCN0(MSA),JCN1(MSA),JD(MSA),JSA(MSA),KC(MSA),KP1(MSA),KT(MSA),&

      KTF(MSA),KTMX(MSA),KTT(MSA),LM(MSA),LRD(MSA),LUN(MSA),LUNS(MSA),&

      MXSR(MSA),NBCF(MSA),NBCT(MSA),NBFF(MSA),NBFT(MSA),NBSA(MSA),&

      NBSL(MSA),NBW(MSA),NDFA(MSA),NII(MSA),NMW(MSA),NPSF(MSA),NRO(MSA),&

      NVCN(MSA),NWDA(MSA))

      ALLOCATE (IPSF(MPO),IDG(NRN0),IX(NRNG),IX0(NRN0),KPSN(MPO),&

      JPC(MPS),KPC(MPS),NPC(MPS),IHX(MHX)) 

	  ALLOCATE (IHU(MNC,MSA),IYH(MNC,MSA),JE(MNC,MSA),JP(MNC,MSA),&                       

      JPL(MNC,MSA),KGO(MNC,MSA),NCR(MNC,MSA),NGD(MNC,MSA),NHU(MNC,MSA),&

      NYLN(MNC,MSA))             

	  ALLOCATE (NCP(MRO,MSA),NFRT(MRO,MSA),NPST(MRO,MSA),NTL(MRO,MSA))                    

	  ALLOCATE (IDFA(MHD,MOW),IDFD(MHD,MOW),IDMU(MHD,MOW),IGZO(MHD,MOW),&                 

      IGZX(MHD,MOW),IHBS(MHD,MOW),IYHO(MHD,MOW),LGIR(MHD,MOW),&             

      NCOW(MHD,MOW),NGZA(MHD,MOW),NHBS(MHD,MOW),NYHO(MHD,MOW))                  

	  ALLOCATE (IDSL(MSA,MSA),IDSS(MSA,MSA),IDOW(MSA,MOW),&                 

      IHT(MNT,MSA),KOMP(MNT,MSA),IFED(MHD,MSA),NGZ(MHD,MSA),LID(ML1,MSA)&            

      ,LORG(MSL,MSA),IHRL(12,MSA),IDFT(6,MSA),IDF0(6,MSA))                          

	  ALLOCATE (ITL(MRO,MNT,MSA),JH(MRO,MNT,MSA),KDT(12,MNC,MSA),LFT(MRO&                 

      ,MNT,MSA),LT(MRO,MNT,MSA),LYR(MRO,MNT,MSA),LPC(MRO,MPS,MSA),LY(MRO&            

      ,MNC,MSA),IHDT(MBS,MHD,MOW),NGIX(MSA,MHD,MOW),NBSX(MBS,MHD,MOW))

      ALLOCATE (OSAA(MOW),OWSA(MOW),PKRZ(MSL),UK(MSL),&

      UN(MSL),UP(MSL),UW(MSL))

      ALLOCATE (FCST(MFT),FK(MFT),FN(MFT),FNMA(MFT),FNMN(MFT),FNO(MFT),&

      FOC(MFT),FP(MFT),FPO(MFT),FSLT(MFT))                                                 

	  ALLOCATE (PCST(MPS),PHLF(MPS),PHLS(MPS),PKOC(MPS),PLCH(MPS),&                       

      PSOL(MPS),PWOF(MPS),SSPS(MPS))                                                 

      ALLOCATE (COOP(MNT),COTL(MNT),DKH(MNT),DKI(MNT),EFM(MNT),EMX&                  

      (MNT),FPOP(MNT),FRCP(MNT),FULU(MNT),HE(MNT),HMO(MNT),ORHI(MNT),RHT&            

      (MNT),RIN(MNT),RR(MNT),STIR(MNT),TIL(MNT),TLD(MNT))

      ALLOCATE (AEP(MNC),ALT(MNC),CAF(MNC),CKY(MNC),CNLV(MNC),&

      CNY(MNC),CSTS(MNC),CPY(MNC),DDM(MNC),DLAI(MNC),DMLA(MNC),&

      DMLX(MNC),EP(MNC),EXTC(MNC),FLT(MNC),FTO(MNC),GMHU(MNC),GRDD(MNC),&

      GRLV(MNC),GSI(MNC),HI(MNC),HMX(MNC),PHUX(MNC),PLAX(MNC),POPX(MNC),&

      PRYF(MNC),PRYG(MNC),PST(MNC),RBMD(MNC),RDMX(MNC),RLAD(MNC),&

      SDW(MNC),TBSC(MNC),TCPA(MNC),TCPY(MNC),TOPC(MNC),VPD2(MNC),&

      VPTH(MNC),WA(MNC),WAI(MNC),WAVP(MNC),WAX(MNC),WCY(MNC),WSYF(MNC),&

      WXYF(MNC),XDLAI(MNC),XMTU(MNC),YLD(MNC),YLX(MNC))

      ALLOCATE (ABD(MSA),AFLG(MSA),AGPM(MSA),ALGI(MSA),ALQ(MSA),ARMN&                     

      (MSA),ARMX(MSA),ARSD(MSA),BA1(MSA),BA2(MSA),BCOF(MSA),BCV(MSA),&

      BFFL(MSA),BFSN(MSA),BFT(MSA),BGWS(MSA),BIG(MSA),BIR(MSA),&

      BR1(MSA),BR2(MSA),BRSV(MSA),BSALA(MSA),BSNO(MSA),BSW(MSA),BTC(MSA),&

      BTCX(MSA),BTCZ(MSA),BTK(MSA),BTN(MSA),BTNX(MSA),BTNZ(MSA),&

      BTP(MSA),BTPX(MSA),BTPZ(MSA),BV1(MSA),BV2(MSA),BVIR(MSA),&

      CFNP(MSA),CHL(MSA),CHMX(MSA),CHN(MSA),CHS(MSA),CHXA(MSA),CHXP(MSA),&

      CLG(MSA),CN0(MSA),CN2(MSA),CNSX(MSA))

      ALLOCATE (COST(MSA),COWW(MSA),CPMX(MSA),CST1(MSA),CV(MSA),CVF(MSA),&

      CVP(MSA),CVRS(MSA),CYAV(MSA),CYMX(MSA),CYSD(MSA),DALG(MSA),DDLG&

      (MSA),DEPC(MSA),DHT(MSA),DKIN(MSA),DKHL(MSA),DRT(MSA),DST0(MSA),&

      DWOC(MSA),EFI(MSA),EK(MSA),EM10(MSA),EVRS(MSA),EVRT(MSA),FBAR(MSA),&

      FBM(MSA),FCMN(MSA),FCMP(MSA),FDSF(MSA),FFC(MSA),FFPQ(MSA),FGC(MSA),&

      FGSL(MSA),FHP(MSA),FIRG(MSA),FPF(MSA),FPSC(MSA),FSFN(MSA),&

      FSFP(MSA),GMA(MSA),GRDL(MSA),GWE0(MSA),GWEL(MSA),GWSN(MSA),&

      GWST(MSA),GWMX(MSA),GZRF(MSA),HCLD(MSA),HCLN(MSA),HLMN(MSA),&

      HR0(MSA),HSM(MSA),OCPD(MSA))

      ALLOCATE (OMAP(MSA),ORSD(MSA),PAW(MSA),PCOF(MSA),PDAW(MSA),PDPL&

      (MSA),PDPL0(MSA),PDPLC(MSA),PDPLX(MSA),PDSKC(MSA),PDSW(MSA),&

      PEC(MSA),PMX(MSA),PM10(MSA),PRSD(MSA),PSTF(MSA),PSTM(MSA),PSTS(MSA),&

      QCAP(MSA),QRBQ(MSA),QRQB(MSA),RCBW(MSA),RCF(MSA),RCHC(MSA),&

      RCHD(MSA),RCHK(MSA),RCHL(MSA),RCHN(MSA),RCHS(MSA),RCHX(MSA),&

      RCSS(MSA),RCTW(MSA),REPI(MSA),RFPK(MSA),RFPL(MSA),RFPS(MSA),&

      RFPW(MSA),RFPX(MSA),RFQN(MSA),RFTT(MSA),RFV(MSA),RFV0(MSA),&

      RHD(MSA),RHTT(MSA))

      ALLOCATE (RINT(MSA),RLF(MSA),RMXS(MSA),ROSP(MSA),RRUF(MSA),RSAE&

      (MSA),RSAP(MSA),RSBD(MSA),RSDP(MSA),RSEE(MSA),RSEP(MSA),RSF(MSA),&

      RSHC(MSA),RSK(MSA),RSLK(MSA),RSOC(MSA),RSON(MSA),RSOP(MSA),RSO3&

      (MSA),RSRR(MSA),RSSA(MSA),RSSP(MSA),RST0(MSA),RSV(MSA),RSVB(MSA),&

      RSVE(MSA),RSVF(MSA),RSVP(MSA),RSPK(MSA),RSYB(MSA),RSYF(MSA),&

      RSYN(MSA),RSYS(MSA),RVE0(MSA),RVP0(MSA),RZ(MSA),RZSW(MSA),&

      SALA(MSA),SALB(MSA),SAMA(MSA),SATK(MSA),SCI(MSA),&

      SCNX(MSA),SDVR(MSA),SLF(MSA),SLT0(MSA),SLTX(MSA),SMAS(MSA),&

      SMEO(MSA),SMFN(MSA),SMFU(MSA),SMKS(MSA),SMLA(MSA),SMMU(MSA),&

      SMNS(MSA),SMNU(MSA),SMPL(MSA),SMPQ(MSA),SMPS(MSA),SMPY(MSA),&

      SMRF(MSA),SMSS(MSA),SMST(MSA),SMTS(MSA),SMWS(MSA),SMX(MSA),&

      SMY1(MSA),SMY2(MSA),SNO(MSA),SOLQ(MSA),SPFD(MSA),SPLG(MSA),&

      SRAD(MSA),SRSD(MSA),SSFI(MSA),SSIN(MSA),SSW(MSA))

      ALLOCATE (ST0(MSA),STDO(MSA),STDOK(MSA),STDON(MSA),STDOP(MSA),&

      STKR(MSA),STLT(MSA),STP(MSA),SW(MSA),&

      SWLT(MSA),S3(MSA),TAGP(MSA),TCC(MSA),TCS(MSA),TFLG(MSA),THK(MSA),&

      TILG(MSA),TKR(MSA),TLMF(MSA),TMN(MSA),TMX(MSA),TNOR(MSA),TOC(MSA),&

      TPSF(MSA),TRSD(MSA),TSLA(MSA),TSMY(MSA),TSNO(MSA),TVGF(MSA),&

      TYK(MSA),TYN(MSA))

      ALLOCATE (TYP(MSA),U10(MSA),UB1(MSA),UOB(MSA),UPSX(MSA),URBF(MSA),&

      USL(MSA),VAC(MSA),VALF1(MSA),VAP(MSA),VCHA(MSA),VCHB(MSA),VFPA(MSA),&

      VFPB(MSA),VIMX(MSA),VIRT(MSA),VLG(MSA),VLGB(MSA),VLGI(MSA),&

      VLGM(MSA),VLGN(MSA),VPU(MSA),VRSE(MSA),VSK(MSA),VSLT(MSA),WDRM(MSA))

      ALLOCATE (WK(MSA),WS(MSA),WSA(MSA),WSX(MSA),WTMB(MSA),WTBL(MSA),&                   

      WTMN(MSA),WTMU(MSA),WTMX(MSA),XCT(MSA),XHSM(MSA),XIDK(MSA),XIDS&               

      (MSA),XMAP(MSA),XNS(MSA),XRFI(MSA),YCT(MSA),YLC(MSA),YLS(MSA),&

      YTN(MSA),YTX(MSA),ZBMC(MSA),ZBMN(MSA),ZCO(MSA),ZCOB(MSA),ZEK(MSA),&

      ZFK(MSA),ZFOP(MSA),ZHPC(MSA),ZHPN(MSA),ZHSC(MSA),ZHSN(MSA),ZLM(MSA),&

      ZLMC(MSA),ZLMN(MSA),ZLS(MSA),ZLSC(MSA),ZLSL(MSA),ZLSLC(MSA),&

      ZLSLNC(MSA),ZLSN(MSA),ZNH3(MSA),ZNO3(MSA),ZNMU(MSA),ZNOA(MSA),&

      ZNOS(MSA),ZNOU(MSA),ZOC(MSA),ZON(MSA),ZPMA(MSA),ZPML(MSA),ZPMS(MSA),&

      ZPMU(MSA),ZPO(MSA),ZPOU(MSA),ZSK(MSA),ZSLT(MSA),ZTP(MSA))                                             

	  ALLOCATE (CPVH(MHY),DPMT(MHY),DRAV(MHY),ERAV(MHY),HYDV(MHY),RCTC&                   

      (MHY),PRAV(MHY),PRB(MHY),PSZM(MHY),QC(MHY),QDR(MHY),QDRN(MHY),&             

      QDRP(MHY),QN(MHY),QP(MHY),QPR(MHY),QPU(MHY),QRF(MHY),QRFN(MHY),&

      QRFP(MHY),QRP(MHY),QURB(MHY),QVOL(MHY),RQRB(MHY),RSFN(MHY),RSSF&

      (MHY),RWSA(MHY),SHYD(MHY),SMIO(MHY),SMQN(MHY),SMYN(MHY),SQC(MHY),&

      SQN(MHY),SQP(MHY),SQVL(MHY),SSN(MHY),SST(MHY),STY(MHY),SYC(MHY),&

      SYN(MHY),SYP(MHY),TC(MHY),TCAV(MHY),TCMN(MHY),TCMX(MHY),TSFK(MHY),&

      TSFN(MHY),VAQN(MHY),VAQP(MHY),VAYN(MHY),VAYP(MHY),VQC(MHY),&

      VSSN(MHY),VYC(MHY),WYLD(MHY),YC(MHY),YCOU(MHY),YCWN(MHY),&

      YMNU(MHY),YN(MHY),YNOU(MHY),YNWN(MHY),YP(MHY),YPM(MHY),YPOU(MHY),&

      YPWN(MHY),YW(MHY))

      ALLOCATE (PSO3(MPO),PSON(MPO),PSOP(MPO),PSOQ(MPO),PSOY(MPO),PQPS&

      (MPO),PSSP(MPO),PYPS(MPO))

      ALLOCATE (QGA(MHP),RFDT(MHP),VARW(NSM))

      ALLOCATE (EO5(30,MSA),RF5(30,MSA),SCFS(30,MSA),XMS(30,MSA),ASW(12,&

      MSA),CX(12,MSA),QIN(12,MSA),SET(12,MSA),SRD(12,MSA),SRMX(12,MSA),&

      TAMX(12,MSA),TCN(12,MSA),TCVF(12,MSA),TEI(12,MSA),TET(12,MSA),THRL&

      (12,MSA),TQ(12,MSA),TR(12,MSA),TRHT(12,MSA),TSN(12,MSA),TSR(12,MSA),&

      TSY(12,MSA),TXMX(12,MSA),TXMN(12,MSA),TQN(12,MSA),TQP(12,MSA),TQPU&

      (12,MSA),TYON(12,MSA),TYTP(12,MSA),TYW(12,MSA),CNSC(2,MSA))

      ALLOCATE (ALS(MSL,MSA),BD(MSL,MSA),BDD(MSL,MSA),BDM(MSL,MSA),BDP&              

      (MSL,MSA),BPT(MSL,MSA),CAC(MSL,MSA),CBN(MSL,MSA),&

      CDG(MSL,MSA),CEC(MSL,MSA),CLA(MSL,MSA),CNDS(MSL,MSA),CNRT(MSL,MSA),&

      CPRH(MSL,MSA),CPRV(MSL,MSA),DHN(MSL,MSA),ECND(MSL,MSA),&

      EQKE(MSL,MSA),EQKS(MSL,MSA),EXCK(MSL,MSA),FE26(MSL,MSA),&

      FIXK(MSL,MSA),FOP(MSL,MSA),HCL(MSL,MSA),PH(MSL,MSA),PO(MSL,MSA),&

      PSP(MSL,MSA),RNMN(MSL,MSA),ROK(MSL,MSA),RSD(MSL,MSA),RSDM(MSL,MSA),&

      SAN(MSL,MSA),SATC(MSL,MSA),SEV(MSL,MSA),SIL(MSL,MSA),SMB(MSL,MSA),&

      SULF(MSL,MSA),SUT(MSL,MSA))

      ALLOCATE (SWST(MSL,MSA),STFR(MSL,MSA),STMP(MSL,MSA),VNO3(MSL,MSA),&

      WBMN(MSL,MSA),WCMU(MSL,MSA),WCOU(MSL,MSA),WHPC(MSL,MSA),&

      WHPN(MSL,MSA),WHSC(MSL,MSA),WHSN(MSL,MSA),WKMU(MSL,MSA),&

      WLM(MSL,MSA),WLMC(MSL,MSA),WLMN(MSL,MSA),WLS(MSL,MSA),WLSC(MSL,MSA),&

      WLSL(MSL,MSA),WLSLC(MSL,MSA),WLSLNC(MSL,MSA),WLSN(MSL,MSA),&

      WNMU(MSL,MSA),WNOU(MSL,MSA),WOC(MSL,MSA),WON(MSL,MSA),WPMA(MSL,MSA),&

      WPMS(MSL,MSA),WPMU(MSL,MSA),WPO(MSL,MSA),WPOU(MSL,MSA),&

      WSLT(MSL,MSA),WT(MSL,MSA),Z(MSL,MSA),fc(msl,msa),s15(msl,msa),&    ! FC, S15 moved from MSC to MSL to avoid problem with different array size in AINTRI - Luca Doro 20190819

      xgo2(msl,msa),xgco2(msl,msa),xgn2o(msl,msa))    ! xgo2, xgco2, and xgn2o moved from MAIN - Luca Doro 20190827                                                   

      ALLOCATE (ACET(MNC,MSA),AJH1(MNC,MSA),AJHI(MNC,MSA),AWC(MNC,MSA),&

      CAW(MNC,MSA),CNT(MNC,MSA),CPHT(MNC,MSA),CSTF(MNC,MSA),DM(MNC,MSA),&

      DMF(MNC,MSA),DM1(MNC,MSA),ETG(MNC,MSA),FRTK(MNC,MSA),FRTN(MNC,MSA),&

      FRTP(MNC,MSA),HU(MNC,MSA),HUF(MNC,MSA),HUI(MNC,MSA),PPL0(MNC,MSA),&

      RD(MNC,MSA),RDF(MNC,MSA),REG(MNC,MSA),RW(MNC,MSA),SLAI(MNC,MSA),&

      SLA0(MNC,MSA),SRA(MNC,MSA),STD(MNC,MSA),STDK(MNC,MSA),&

      STDL(MNC,MSA),STDN(MNC,MSA))

      ALLOCATE (STDP(MNC,MSA),STL(MNC,MSA),SWH(MNC,MSA),SWP(MNC,MSA),TCAW&

      (MNC,MSA),TDM(MNC,MSA),TETG(MNC,MSA),TFTK(MNC,MSA),TFTN(MNC,MSA),&

      TFTP(MNC,MSA),THU(MNC,MSA),TRA(MNC,MSA),TRD(MNC,MSA),TVIR(MNC,MSA),&

      TYL1(MNC,MSA),TYL2(MNC,MSA),TYLK(MNC,MSA),TYLN(MNC,MSA),&

      TYLP(MNC,MSA),UK1(MNC,MSA),UNA(MNC,MSA),UN1(MNC,MSA),UP1(MNC,MSA),&

      VIR(MNC,MSA),WCHT(MNC,MSA),WLV(MNC,MSA),XLAI(MNC,MSA),&

      XDLA0(MNC,MSA),YLD1(MNC,MSA),YLD2(MNC,MSA),YLKF(MNC,MSA),&

      YLNF(MNC,MSA),YLPF(MNC,MSA))

      ALLOCATE(ACO2C(MSC,MSA),AFP(MSC,MSA),AN2OC(MSC,MSA),AO2C(MSC,MSA),&

      CGCO2(MSC,MSA),CGN2O(MSC,MSA),CGO2(MSC,MSA),CLCO2(MSC,MSA),CLN2O&

      (MSC,MSA),CLO2(MSC,MSA),DCO2GEN(MSC,MSA),DN2G(MSC,MSA),&

      DN2OG(MSC,MSA),DO2CONS(MSC,MSA),DPRC(MSC,MSA),DPRN(MSC,MSA),&

      DPRO(MSC,MSA),DRWX(MSC,MSA),EAR(MSC,MSA),&!FC(MSC,MSA),&    ! FC moved to MSL - Luca Doro

      HKPC(MSC,MSA),HKPN(MSC,MSA),HKPO(MSC,MSA))

      ALLOCATE(RSPC(MSC,MSA),RWTZ(MSC,MSA),SADST(MSA,MSA),&!S15(MSC,MSA),&    S15 moved to MSL - Luca Doro

      SMEA(MSC,MSA),SMES(MSC,MSA),SOLK(MSC,MSA),SOT(MSC,MSA),&

      SSFCO2(MSC,MSA),SSFN2O(MSC,MSA),SSFO2(MSC,MSA),TPOR(MSC,MSA),&

      VCO2(MSC,MSA),VGA(MSC,MSA),VGN(MSC,MSA),VN2O(MSC,MSA),&

      VO2(MSC,MSA),VFC(MSC,MSA),VWC(MSC,MSA),VWP(MSC,MSA),WBMC(MSC,MSA),&

      WCO2G(MSC,MSA),WCO2L(MSC,MSA),WN2O(MSC,MSA),WN2OG(MSC,MSA),&

      WN2OL(MSC,MSA),WNO2(MSC,MSA),WNH3(MSC,MSA),WNO3(MSC,MSA),&

      WO2G(MSC,MSA),WO2L(MSC,MSA),WPML(MSC,MSA),XN2O(MSC,MSA),&

      ZC(MSC,MSA))    

      ALLOCATE (YHY(MHP,MHY),SMH(NSH,MHY),SMYH(NSH,MHY),VARH(NSH,MHY),&

      QPST(MPS,MHY),RSPS(MPS,MHY),TSPS(MPS,MHY),YPST(MPS,MHY),&

      SRCH(27,MHY),CPFH(MSL,MHY),QSF(MSL,MHY),SSF(MSL,MHY),SM(NSM,MSA),&

      SMUA(NSM,MSA),SMY(NSM,MSA),SMYUA(NSM,MSA),VAR(NSM,MSA),&

      VARUA(NSM,MSA),CTSA(100,MSA),VQ(90,MHY),VY(90,MHY),GWPS(MPS,MSA),&

      PFOL(MPS,MSA),ANA(MRO,MSA),FNMX(MRO,MSA),GCOW(MHD,MSA),&

      GZLM(MHD,MSA),DUMP(MHD,MOW),FFED(MHD,MOW),GZRT(MHD,MOW),&

      VURN(MHD,MOW),PPX(13,MSA),YSD(6,MHY),PCT(5,MHY),PCTH(5,MHY),&

      SQB(5,MHY),SYB(5,MHY),FNP(5,MSA),SMYRP(5,MPS),BK(4,MNC),BN(4,MNC),&

      BP(4,MNC),BLG(3,MNC),BWN(3,MNC),DLAP(2,MNC),FRST(2,MNC),&

      PPCF(2,MNC),PPLP(2,MNC),RWPC(2,MNC),STX(2,MNC),WAC2(2,MNC),PPLP_MAX(MNC))    

      ALLOCATE (CND(MRO,MNT,MSA),FIRX(MRO,MNT,MSA),PHU(MNC,MRO,MSA),&

      POP(MNC,MRO,MSA),PPLA(MNC,MRO,MSA),PSTE(MRO,MPS,MSA),&

      PSSF(MPS,MSL,MSA),PSTR(MRO,MPS,MSA),PSTZ(MPS,MSL,MSA),&

      PVQ(MPS,90,MHY),PVY(MPS,90,MHY),QIR(MRO,MNT,MSA),&

      RSTK(MRO,MNT,MSA),SMAP(13,MPS,MHY),SMM(NSM,12,MSA),&

      SMMUA(NSM,12,MSA),SMMH(NSH,12,MHY),SMMRP(5,MPS,12),SMRP(5,MPS,12),&

      SMS(11,ML1,MSA),SMYP(13,MPS,MHY),SOL(23,MSL,MSA),STV(20,12,MSA),&

      TIR(MRO,MNT,MSA),VARC(17,MNC,MSA),VARP(12,MPS,MHY),&

      VIRR(MRO,MNT,MSA),WFA(MRO,MNT,MSA),WMUCH(MRO,MNT,MSA))

      !SPQ(5,20,MHY),SPQC(5,20,MHY),SPY(5,20,MHY)

      ALLOCATE (TSFC(7,MNC,MSA),SOIL(17,MSL,MSA),HUSC(MRO,MNT,MSA),RWT(MSL,&

      MNC,MSA),STDA(4,MNC,MSA),SFCP(7,MNC,MSA),SFMO(7,MNC,MSA),&

      XZP(13,ML1,MSA),QHY(NPD,MHY,MHX))

      ALLOCATE (SMMP(20,MPS,13,MHY),SMMC(17,MNC,12,MSA))

      !PADDY MODELING JAEHAK JEONG 2016

      ALLOCATE(SUB_D50(MSA),PADDY_STO(10,MSA),PADDY_OUT(10,MSA),PADDY_HWEIR(MSA),PADDY_HMIN(MSA))

      ALLOCATE(HWEIR(MRO,MNT,MSA),LWEIR(MRO,MNT,MSA),PADDY_LWEIR(MSA),HMIN_IRR(MRO,MNT,MSA))

      ALLOCATE(KRST(MSA))

      !Richards percolation J Jeong 2020

      ALLOCATE(vgSat(MSC,MSA),vgRes(MSC,MSA))

      RETURN                                                                         

      END                                                                            

                                                                                     








src/ALPYR.f90

      SUBROUTINE ALPYR(IYR,NYD,LPYR)

!     APEX1501

      NYD=1

      IF(MOD(IYR,100)/=0)THEN

          IF(MOD(IYR,4)/=0)RETURN

      ELSE

          IF(MOD(IYR,400)/=0)RETURN

      END IF

      NYD=LPYR

      RETURN 

      END






src/APAGE.f90

      SUBROUTINE APAGE(IP)

!     APEX1501

!     THIS SUBPROGRAM CHANGES PAGES, WRITES VERSION, DATE, & TITLE

      USE PARM

      IF(KFL(1)>0)THEN

          WRITE(KW(1),1)IYER,IMON,IDAY,IT1,IT2,IT3

          WRITE(KW(1),5)IRUN

          WRITE(KW(1),2)TITLE

          IF(IP==0)RETURN

          WRITE(KW(1),4)SITEFILE

          WRITE(KW(1),4)SAFILE

          IF(NGN>0)WRITE(KW(1),4)FWTH(IRF(ISA))

          WRITE(KW(1),4)TITSO(ISA)

          WRITE(KW(1),4)TITOP(ISA)

	      IF(IPTS(ISA)>0)WRITE(KW(1),4)FPSO(IPTS(ISA))

          WRITE(KW(1),3)ISA,NBSA(ISA)

      END IF    

      RETURN

    1 FORMAT('1'/T5,'APEX1501 v20230913',2X,3I4,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

    2 FORMAT(10X,20A4)

    3 FORMAT(10X,'SA#= ',I8,1X,'ID= ',I8)

    4 FORMAT(10X,A80)

    5 FORMAT(10X,'RUN # ',I4)

      END






src/APRNTD.f90

      SUBROUTINE APRNTD

      ! APEX1501                                                                       

      ! THIS SUBPROGRAM PRINTS DAILY IN THE .OUT FILE

      USE PARM         

      WRITE(KW(1),1090)ISA,NBSA(ISA),IYR,MO,KDA,(HED(KD(K)),VAR(KD(K),&

      ISA),K=1,NKD)

      WRITE(KW(1),1201)(HEDS(KS(K)),VARS(KS(K)),K=1,NKS)

      WRITE(KW(1),1201)((HEDC(K),VARC(K,LY(IRO(ISA),J,ISA),ISA),K=1,16),&

      J=1,NCP(IRO(ISA),ISA))

!     WRITE(KW(1),1200)(LID(K,ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'Z',(Z(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'ST',(SWST(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'S15',(S15(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'FC',(FC(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'PO',(PO(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'BD',(BD(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WT',(WT(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SAN',(SAN(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SIL',(SIL(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'ROK',(ROK(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'HK',(HK(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WNO3',(WNO3(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WNH3',(WNH3(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPML',(WPML(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPMA',(WPMA(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPMS',(WPMS(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'RWT',(RWT(LID(K,ISA),JJK,ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SSO3',(SSO3(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'U',(U(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SEV',(SEV(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'O',(O(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SSF',(SSF(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'UN',(UN(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'UP',(UP(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPO',(WPO(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'FOP',(FOP(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'RSD',(RSD(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1110)ISA,NBSA(ISA),IYR,MO,KDA,(STMP(LID(K,ISA),ISA),

!     K=1,NBSL(ISA)),DD,DST0(ISA)

      RETURN

 1090 FORMAT(/1X,2I8,1X,I4,2I2,2X,5(1X,A4,F8.2)/(19X,5(1X,A4,F8.2)))

 1201 FORMAT((19X,5(1X,A4,F8.2)))      

      END






src/ARALT.f90

      FUNCTION ARALT(X,DRV)

!     APEX1501

!     THIS SUBPROGRAM INTERPOLATES MONTHLY VALUES OF DAYLIGHT HOURS AND

!     MAXIMUM SOLAR RADIATION TO PROVIDE DAILY VALUES.

      USE PARM

      DIMENSION X(12)

      M1=MO+1

      N2=NC(M1)

      IF(MO==2)N2=N2-NYD

      N1=NC(MO)

      X1=JDA-N1

      X2=N2-N1

      RTO=X1/X2

      IF(M1==13)M1=1

      XX=X(M1)-X(MO)

      DRV=XX/X2

      ARALT=XX*RTO+X(MO)

      RETURN

      END






src/ARESET.f90

      SUBROUTINE ARESET 

!     APEX1501

!     THIS SUBPROGRAM RESETS VARIABLES TO INITIAL VALUES FOR MULTI RUNS.

      USE PARM

      IHRL=0

      NWDA=0

      LW=1

!     IYR=IYR0

      NWPD=0

      SHYD=0.

      SQVL=0.

      SRMX=0.

      THRL=0.

      YLK=0.

      YLN=0.

      YLP=0.

      DO J=1,NRN0

          IX(J)=IX0(J)

      END DO

      XIM=0.

      V3=AUNIF(IDG(3))

      V1=AUNIF(IDG(2))

      JCN=0

      JCN0=0

      JCN1=0

      CST1=0.

      VALF1=0.

      PRSD=0.

      QRQB=0.

      QRBQ=0.

      TCPA=0.

      TCPY=0.

      TLMF=0.

      TYK=0.

      TYN=0.

      TYP=0.

      CYAV=0.

      CYSD=0.

      CYMX=0.

      FPF=0.

      SSFI=0.

      TR=0.

      TSN=0.

      TSY=0.

      TVGF=0.

      TYW=0.

      TQ=0.

      TCN=0.

      TYON=0.

      TYTP=0.

      TQP=0.

      TQN=0.

      TXMX=0.

      TXMN=0.

      TAMX=0.

      TSR=0.

      TCVF=0.

      CX=1.E-10

      TEI=0.

      SET=0.

      TET=0.

      ASW=0.

      SRD=0.

      QIN=0.

      TRHT=0.

      NYLN=0

      STV=0.

      IF(NDP>0)THEN

          VQ=0.

          VY=0.

          SQB=0.

          SYB=0.

          !SPQ=0.

          !SPY=0.

          APQ=0.

          APY=0.

          AQB=0.

          AYB=0.

          PVY=0.

          PVQ=0.

          SMAP=0.

          SMYP=0.

          SMMP=0.

      END IF

      NCR=0

      ACET=0.

      TYL1=0.

      TYL2=0.

      TYLK=0.

      TYLN=0.

      TYLP=0.

      TETG=0.

      TCAW=0.

      TDM=0.

      TRA=0.

      THU=0.

      TRD=0.

      TSFC=0.

      STDA=0.

      DO ISA=1,MSA

          DO I=1,NBSL(ISA)

              J=LID(I,ISA)

              SOL(1,J,ISA)=WPMA(J,ISA)

              SOL(2,J,ISA)=WON(J,ISA)

              SOL(4,J,ISA)=WPO(J,ISA)

              SOL(5,J,ISA)=WPMS(J,ISA)

              SOL(7,J,ISA)=WOC(J,ISA)

          END DO

      END DO

      IHT=0

      CNDS=0.

      NQRB=0

      PRAV=0.

      PRB=0.

      DRAV=0.

      ERAV=0.

      DPMT=0.

      TCMX=0.

      TCMN=100.

      TCAV=0.

      IF(NDP/=0)THEN

          SMYRP=0.

          SMMRP=0.

          SMRP=0.

      END IF

      TSFN=0.

      TSFK=0.

      QRFN=0.

      SRCH=0.

      SM=0.

      SMY=0.

      SMM=0.

      SMYR=0.

      SMMR=0.

      SMR=0.

      TSPS=0.

      VARP=0.

      RETURN

      END






src/ASCRV.f90

      SUBROUTINE ASCRV(X1,X2,X3,X4,SCLM,I,KWX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES S CURVE PARMS GIVEN 2(X,Y)POINTS.

      DIMENSION SCLM(38)

      XX=LOG(X3/X1-X3)

      X2=(XX-LOG(X4/X2-X4))/(X4-X3)

      X1=XX+X3*X2

      X=X4

      IF(X2<0.)THEN

          DO IT=1,20

              Y1=X1*EXP(-X2*X)

              FU=X+Y1-X*(1.-X2*Y1)

              IF(ABS(FU)<.001)EXIT

              DFDX=-X2*X2*X*Y1

              DF=FU/DFDX

              XX=ABS(DF)

              X5=.5*X

              IF(XX>X5)DF=X5*XX/DF

              X=X-DF

          END DO

          IF(IT>20)WRITE(KWX,'(5X,A)')'S-CURVE LIMIT NOT CONVERGE'

          SCLM(I)=X

          WRITE(KWX,'(5X,A,I4,4E12.5)')'!!!!!',IT,X1,X2,X,FU

      ELSE

          SCLM(I)=0.

      END IF    

      RETURN

      END






src/ASORT1.f90

      SUBROUTINE ASORT1(X,NX,M)

!     THIS SUBPROGRAM SORTS REAL NUMBERS INTO DECENDING ORDER USING

!     RIPPLE SORT

      DIMENSION X(M),NX(M)

      NB=M-1

      J=M

      DO I=1,NB

          J=J-1

          MK=0

          DO K=1,J

              KP1=K+1

              IF(X(NX(K))>=X(NX(KP1)))CYCLE

              N1=NX(KP1)

              NX(KP1)=NX(K)

              NX(K)=N1

              MK=1

          END DO

          IF(MK==0)RETURN

      END DO

      RETURN

      END






src/ASORT3.f90

      SUBROUTINE ASORT3(D,NX,M1)

!     SHELL SORT

      DIMENSION D(M1),NX(M1)

      M=1

      DO

          IF((2**M)>M1)EXIT

          M=M+1

      END DO

      M=M-1

      M=2**M

      DO

          K=M1-M

          DO I=1,K

              DO J=I,1,-M

                  IF(D(NX(J+M))>=D(NX(J)))EXIT

                  N1=NX(J)

                  NX(J)=NX(J+M)

                  NX(J+M)=N1

              END DO

          END DO

          M=M/2

          IF(M<=0)EXIT

      END DO

      RETURN

      END






src/ASORTI.f90

      SUBROUTINE ASORTI(NX,NY,M)

!     APEX1501

!     THIS SUBPROGRAM SORTS INTEGERS INTO ASCENDING ORDER USING

!     RIPPLE SORT

      DIMENSION NX(M),NY(M)

      NB=M-1

      J=M

      DO I=1,NB

          J=J-1

          MK=0

          DO K=1,J

              K1=K+1

              IF(NX(NY(K))<=NX(NY(K1)))CYCLE

              N1=NY(K1)

              NY(K1)=NY(K)

              NY(K)=N1

              MK=1

          END DO

          IF(MK==0)RETURN

      END DO

      RETURN

      END






src/ASPLT.f90

      FUNCTION ASPLT(XX)

!     APEX1501

!     THIS SUBPROGRAM SPLITS DUAL PURPOSE REAL INPUT VARIABLES.

      ASPLT=AINT(XX)

      XX=XX-ASPLT

      RETURN

      END






src/ASVP.f90

      FUNCTION ASVP(TK)

!     THIS SUBPROGRAM COMPUTES THE SATURATION VAPOR PRESSURE GIVEN 

!     TEMPERATURE.

      ASVP=.1*EXP(54.879-5.029*LOG(TK)-6790.5/TK)

	  RETURN

	  END






src/ATIMER.f90

      SUBROUTINE ATIMER(ITR)

!     APEX1501

!     THIS SUBPROGRAM SETS DATE AND TIME FOR OUTPUT AND CALCULATES

!     ELAPSED TIME.

      USE PARM 

      INTEGER :: values(8)

      IF(ITR==0)THEN

          CALL DATE_AND_TIME(VALUES=values)

          IYER = values(1)

          IMON = values(2)

          IDAY = values(3)

          IT1 = values(5)

          IT2 = values(6)

          IT3 = values(7)

          I100 = values(8)

          RETURN

      END IF

      CALL DATE_AND_TIME(VALUES=values)

      IY = values(1)

      MO = values(2)

      IDA = values(3)

      IEH = values(5)

      IEM = values(6)

      IES = values(7)

      I100 = values(8)

      CALL ALPYR(IY,NYD,LPYR)

      CALL ADAJ(NC,IEDT,MO,IDA,NYD)

      CALL ALPYR(IYER,NYD,LPYR)

      CALL ADAJ(NC,IBDX,IMON,IDAY,NYD)

      I1=86400*((IY-IYER)*(366-NYD)+IEDT-IBDX)

      IBT=IT1*3600+IT2*60+IT3

      IEX=IEH*3600+IEM*60+IES

      WRITE(KW(1),5000)IT1,IT2,IT3

      WRITE(KW(1),5100)IEH,IEM,IES

      WRITE(KW(1),5200)

      II=I1+IEX-IBT

      ITS=MOD(II,60)

      II=(II-ITS)/60

      ITM=MOD(II,60)

      ITH=(II-ITM)/60

      WRITE(KW(1),5320)ITH,ITM,ITS

      RETURN

 5000 FORMAT(10X,'BEGINNING TIME: ',I2,2(':',I2))

 5100 FORMAT(10X,'ENDING    TIME: ',I2,2(':',I2))

 5200 FORMAT(10X,'----------------------------')

 5320 FORMAT(10X,'TOTAL RUN TIME: ',I2,2(':',I2))

      END






src/ATRI.f90

      FUNCTION ATRI(BLM,QMN,UPLM,KK)

!     APEX1501

!     THIS SUBPROGRAM GENERATES NUMBERS FROM A TRIANGULAR DISTRIBUTION

!     GIVEN X AXIS POINTS AT START & END AND PEAK Y VALUE.

      USE PARM

      U3=QMN-BLM

      RN=AUNIF(IDG(KK))

	  IF(RN>=1.)THEN

	      ATRI=1.

	  ELSE

	      Y=2./(UPLM-BLM)

          B2=UPLM-QMN

          B1=RN/Y

          X1=Y*U3/2.

          IF(RN>X1)THEN

              ATRI=UPLM-SQRT(B2*B2-2.*B2*(B1-.5*U3))

          ELSE

              ATRI=SQRT(2.*B1*U3)+BLM

          END IF

      END IF

      IF(KK==7.OR.KK==4)THEN

          AMN=(UPLM+QMN+BLM)/3.

          ATRI=ATRI*QMN/AMN

          IF(ATRI>=1.)ATRI=.99

      END IF

      RETURN

      END






src/ATRIDIAG.f90

      SUBROUTINE ATRIDIAG(B,D,A,C,N)

      ! APEX1501

      ! SUBPROGRAM ATRIDIAG USES THE THOMAS ALHORITHM

      ! D()...SOLUTION RETURNED AS C()

      ! B()...BELOW DIAGONAL ELEMENTS

      ! D()...DIAGONAL ELEMENTS

      ! A()...ABOVE DIAGONAL ELEMENTS

      ! C()...RIGHT HAND SIDE

      DIMENSION A(N),B(N),C(N),D(N)

      ! FORWARD ELIMINATION

      DO I=2,N

          R=B(I)/D(I-1)

          D(I)=D(I)-R*A(I-1)

          C(I)=C(I)-R*C(I-1)

      END DO

      ! BACK SUBSTITUTION

      C(N)=C(N)/D(N)

      DO I=2,N

          J=N-I+1

          C(J)=(C(J)-A(J)*C(J+1))/D(J)

      END DO           

      RETURN

      END






src/AUAC.f90

      SUBROUTINE AUAC(MY)

      ! APEX1501

      ! THIS SUBPROGRAM CONVERTS FROM MASS TO MASS/UNIT AREA

      USE PARM

      DO J=1,NSM                                                                     

          SELECT CASE(MASA(J))

              CASE(0)

                  X1=1.

              CASE(1)

                  X1=WSA(ISA)

              CASE(2)

                  X1=10.*WSA(ISA)

          END SELECT

          SELECT CASE(MY)

              CASE(0) ! DAILY

                  VARUA(J,ISA)=VAR(J,ISA)/X1

              CASE(1) ! MONTHLY

                  SMMUA(J,MO1,ISA)=SMM(J,MO1,ISA)/X1

                  !SMYUA(J,ISA)=SMY(J,ISA)/X1

              CASE(2) ! ANNUAL

                  SMYUA(J,ISA)=SMY(J,ISA)/X1

              CASE(3) ! TOTAL

                  SMUA(J,ISA)=SM(J,ISA)/X1

          END SELECT

      END DO

      RETURN

      END






src/AUNIF.f90

      FUNCTION AUNIF(J)

!     APEX1501

!     THIS SUBPROGRAM GENERATES UNIFORM RANDOM NUMBERS.

      USE PARM

      K=IX(J)/127773

      IX(J)=16807*(IX(J)-K*127773)-K*2836

      IF(IX(J)<0)IX(J)=IX(J)+2147483647

      AUNIF=IX(J)*4.656612875D-10

      RETURN

      END






src/AXMON.f90

      SUBROUTINE AXMON

!     APEX1501

!     THIS SUBPROGRAM DETERMINES THE MONTH, GIVEN THE DAY OF THE YEAR.

      USE PARM

      IF(JDA>NC(2))THEN

          M=MO

          DO MO=M,12

              M1=MO+1

              NDA=NC(M1)-NYD

              IF(JDA<=NDA)RETURN

          END DO

      END IF

      MO=1

      RETURN

      END






src/BSIM.f90

      SUBROUTINE BSIM                                                                

!     APEX1501                                                                       

!     THIS SUBPROGRAM DRIVES THE DAILY SIMULATION FOR THE ENTIRE WATER-              

!     SHED FOR USER SPECIFIED NUMBER OF YEARS. IT CALLS SUBAREA, ROUTING             

!     , ADDING, AND RESERVOIR COMPONENTS IN PROPER SEQUENCE. 

      USE PARM                                                                       

      USE HPERC2_INIT !J Jeong to add Richards equation 2017

      CHARACTER(4)::CMDN,HD28                                                                

      CHARACTER(2)::HDN                                                                                                                                      

      CHARACTER*7 HD30,HDG

      DIMENSION HDN(30),HD30(30),HDG(15),CMDN(5)

	  DIMENSION HD28(15,10)                                    

      DIMENSION KTP(7),MNST(7)                                                       

      DIMENSION ZTX(37),TDFP(MPS),TDRP(MPS),TDSP(MPS),&

      TLHP(MPS),TRFP(MPS),TSSP(MPS),XTX(14),YTP(13),ZTZ(6)

      DIMENSION XTMP(MPS,MHY)                   

      DATA MNST/1,2,3,4,5,6,7/,IIP/1/

      DATA YTP/13*0./

      DATA HD28/'  Z1','  Z2','  Z3','  Z4','  Z5','  Z6','  Z7','  Z8',&            

      '  Z9',' Z10',' Z11',' Z12',' Z13',' Z14',' Z15',' SW1',' SW2',&               

      ' SW3',' SW4',' SW5',' SW6',' SW7',' SW8',' SW9','SW10','SW11',&               

      'SW12','SW13','SW14','SW15',' WU1',' WU2',' WU3',' WU4',' WU5',&               

      ' WU6',' WU7',' WU8',' WU9','WU10','WU11','WU12','WU13','WU14',&               

      'WU15',' EV1',' EV2',' EV3',' EV4',' EV5',' EV6',' EV7',' EV8',&               

      ' EV9','EV10','EV11','EV12','EV13','EV14','EV15',' PK1',' PK2',&               

      ' PK3',' PK4',' PK5',' PK6',' PK7',' PK8',' PK9','PK10','PK11',&               

      'PK12','PK13','PK14','PK15',' SF1',' SF2',' SF3',' SF4',' SF5',&               

      ' SF6',' SF7',' SF8',' SF9','SF10','SF11','SF12','SF13','SF14',&               

      'SF15',' N31',' N32',' N33',' N34',' N35',' N36',' N37',' N38',&               

      ' N39','N310','N311','N312','N313','N314','N315',' UN1',' UN2',&               

      ' UN3',' UN4',' UN5',' UN6',' UN7',' UN8',' UN9','UN10','UN11',&               

      'UN12','UN13','UN14','UN15',' LN1',' LN2',' LN3',' LN4',' LN5',&               

      ' LN6',' LN7',' LN8',' LN9','LN10','LN11','LN12','LN13','LN14',&               

      'LN15','  T1','  T2','  T3','  T4','  T5','  T6','  T7','  T8',&               

      '  T9',' T10',' T11',' T12',' T13',' T14',' T15'/

      DATA HDG/'   GFO2','  GFCO2','  GFN2O','  DFO2S',' DBFO2B','  DFO2T',&

      '    QO2',' DFCO2S',' DFCO2B',' DFCO2T','   QCO2',' DFN2OS',' DFN2OB',&

      ' DFN2OT','   QN2O'/

      DATA HD30/'     ZC','    VWC','    AFP','   HKPO','   DPRO','   HKPC',&

      '   DPRC','   HKPN','   DPRN','   SMEA','   SMES','   WNH3','   WNO3',&

      '   WNO2','   WO2L','   WO2G','DO2CONS','  SSFO2','    VO2','  WCO2L',&

      '  WCO2G','DCO2GEN',' SSFCO2','   VCO2','  WN2OL','  WN2OG',' SSFN2O',&

      '   VN2O','  DN2OG','   DN2G'/

      DATA HDN/'1 ','2 ','3 ','4 ','5 ','6 ','7 ','8 ','9 ','10','11',&

      '12','13','14','15','16','17','18','19','20','21','22','23','24',&

      '25','26','27','28','29','30'/ 

      CMDN=(/'HYDV','ROUT','ADD ','RSRT','PDRT'/)

      RWSX=RWSA(NCMD)

      IF(NPSO>0)THEN

          DO I=1,NPSO

              II=I+LND

              DO J=1,6

                  READ(KR(II),'()')

              END DO

          END DO

      END IF

      IF(KFL(42)>0)WRITE(KW(42),731)HED(4),HED(10),HED(11),(HED(I),&                 

      I=13,20),(HEDS(I),I=6,8),((HD28(I,J),I=1,NBSL(ISA)),J=1,10)

      IF(KFL(41)>0)THEN

          WRITE(KW(41),'(T15,3(A,E16.6))')'XKN1=',XKN1,' XKN3=',XKN3,&

          ' XKN5=',XKN5                                            

          WRITE(KW(41),730)HED(4),((HD30(J),HDN(I),I=1,NBCL),&

          J=2,3),((HD30(J),HDN(I),I=1,NBCL),J=12,17),(HDG(I),'  ',I=4,7),&

          ((HD30(J),HDN(I),I=1,NBCL),J=18,22),(HDG(I),'  ',I=8,11),((HD30(J),&

          HDN(I),I=1,NBCL),J=23,26),(HDG(I),'  ',I=12,15),((HD30(J),HDN(I),&

          I=1,NBCL),J=27,30)

      END IF           

      IPSF=0.

      T2=0.

      SDEP=0.                                                                        

      SDEG=0.                                                                        

      DO IY=1,NBYR ! ANNUAL LOOP                                                               

          JDA=IBD

          JJ=IBD-1 

          IPF=0                                                                      

          IF(ICO2==1)THEN                                                                 

              IF(IYX<25)THEN                                                             

                  CO2=280.33                                                

              ELSE                                                                       

                  X1=IYX                                                                 

                  CO2=280.33-X1*(.1879-X1*.0077)                                         

              END IF                                                                     

          END IF                                                                         

          IF(IPD>2)THEN                                                                  

              IF(NOP/=0)THEN                                                             

                  CALL APAGE(0)                                                          

                  IF(KFL(1)>0)WRITE(KW(1),'(//T11,A,A)')'SA(# ID)   Y M D',&             

                  ' OPERATION'                                                           

              END IF                                                                     

          ELSE                                                                           

              CALL APAGE(0)                                                              

          END IF                                                                         

          ND=366-NYD                                                                     

          DO I=1,LC

              X1=CO2

              IF(SCLM(38)>0.)X1=MIN(CO2,SCLM(38))

     	      WA(I)=WAX(I)*X1/(X1+EXP(WAC2(1,I)-X1*WAC2(2,I)))+WAI(I)                          

          END DO                                                                         

          IF(KFL(1)>0)WRITE(KW(1),'(T10,A,F5.0)')'ATMOS CO2 = ',CO2                                  

          IPC=1                                                                          

          KOMP=0                                                                         

          DO ISA=1,MSA                                                                   

              KTMX(ISA)=1                                                                

              TFLG(ISA)=0.                                                               

              AFLG(ISA)=0.                                                               

              IRO(ISA)=IRO(ISA)+1                                                        

              IF(IRO(ISA)>NRO(ISA))IRO(ISA)=1

              IF(IGO(ISA)>NCP(IRO(ISA),ISA))THEN

                  IF(LY(IRO(ISA),1,ISA)==KGO(IGO(ISA),ISA))THEN

                      LY(IRO(ISA),IGO(ISA),ISA)=KGO(NCP(IRO(ISA),ISA),ISA)

                  ELSE

                      LY(IRO(ISA),IGO(ISA),ISA)=KGO(IGO(ISA),ISA)

                  END IF

                  NCP(IRO(ISA),ISA)=IGO(ISA)

              END IF

              DO I=1,LC                                                                  

                  IF(KGO(I,ISA)==0)THEN                                                 

                      JE(I,ISA)=MNC                                                           

                      CYCLE

                  ELSE    

                      DO J=1,NCP(IRO(ISA),ISA)                                               

                          IF(I==LY(IRO(ISA),J,ISA))EXIT                                      

                      END DO                                                                 

                      JE(J,ISA)=I

                      !KGO(J,ISA)=JE(J,ISA)

                      IF(IDC(I)==NDC(7).OR.IDC(I)==NDC(8))THEN

                          DO ISL=1,NBSL(ISA)

                              IF(CPRV(ISL,ISA)<1.E-10)CPRV(ISL,ISA)=CPV0

                              IF(CPRH(ISL,ISA)<1.E-10)CPRH(ISL,ISA)=CPH0

                          END DO 

                      END IF                                                                   

                  END IF    

              END DO

              IF(IPAT>0)THEN

		          IF(PDPLC(ISA)<20.)THEN

			          APMU=2.25*(30.-PDPLC(ISA))

			          JJK=LY(IRO(ISA),1,ISA)

	    	          IF(APMU>45.)CALL NFERT(APMU,7,IAUF(ISA),KT2,JRT)

                  END IF

	          END IF        

	          IF(IKAT>0)THEN

		          IF(PDSKC(ISA)<20.)THEN

			          APMU=2.25*(30.-PDSKC(ISA))

			          JJK=LY(IRO(ISA),1,ISA)

	    	          IF(APMU>45.)CALL NFERT(APMU,8,IAUF(ISA),KT2,JRT)

                  END IF

	          END IF                                                                     

              LD1=LID(1,ISA)                                                             

              ANA(IRO(ISA),ISA)=0.                                                       

              HSM(ISA)=0.                                                                

              X1=.2+.3*EXP(-.0256*SAN(LD1,ISA)*(1.-.01*SIL(LD1,ISA)))                    

              X2=(SIL(LD1,ISA)/(CLA(LD1,ISA)+SIL(LD1,ISA)))**.3                          

              X5=.1*WOC(LD1,ISA)/WT(LD1,ISA)                                             

              X3=1.-.25*X5/(X5+EXP(3.718-2.947*X5))                                      

              X4=1.-.01*SAN(LD1,ISA)                                                     

              X5=1.-.7*X4/(X4+EXP(-5.509+22.899*X4))                                     

              EK(ISA)=X1*X2*X3*X5                                                        

              USL(ISA)=EK(ISA)*SLF(ISA)*PEC(ISA)                                         

	          SUM=(SAN(LD1,ISA)*.0247-SIL(LD1,ISA)*3.65-CLA(LD1,ISA)*6.908)/&                 

              100.                                                                       

              DG=EXP(SUM)                                                                

              REK=9.811*(.0034+.0405*EXP(-.5*((LOG10(DG)+1.659)/.7101)**2))              

              RSK(ISA)=REK*PEC(ISA)*RSF(ISA)                                             

              RSLK(ISA)=RSK(ISA)*RLF(ISA)                                                

              CALL EWIK

              SAMA(ISA)=0.                                                               

              XMAP(ISA)=0.

              SELECT CASE(MNUL)                                                               

	              CASE(1)                                                                          

                      IF(PDPLC(ISA)<62.)THEN                                                 

                          XMAP(ISA)=2.*UPR                                                   

                          CYCLE                                                              

                      END IF                                                                 

                      IF(PDPLC(ISA)<120.)THEN                                                

                          XMAP(ISA)=1.5*UPR                                                  

                          CYCLE                                                              

                      END IF                                                                 

                      IF(PDPLC(ISA)<200.)THEN                                                

                          XMAP(ISA)=UPR                                                      

                          CYCLE                                                              

                      END IF

                  CASE(2)                                                                

	                  IF(PDPLC(ISA)<200.)CYCLE                                               

  	                  XMAP(ISA)=UNR                                                             

	                  CYCLE                                                                  

                  CASE(3)

                      IF(IAPL(ISA)<=0)CYCLE

                      IF(PDPLC(ISA)<200.)XMAP(ISA)=2.*UPR

	              CASE DEFAULT     

	          END SELECT                                                                

          END DO                                                                              

          NT1=0                                                                          

          WRITE(*,50)IY,NBYR                                                             

          DO IDA=IBD,ND ! DAILY LOOP

			        NTX=0                                                                          

              ISA=1                                                                          

              NOFL=40 

              NHY=0                                                                       

              IOF=1

              VARC=0.

              VNO3=0.

        !     SLAP=0.                                                                          

              CALL AICL                                                                      

              XDA=KDA                                                                        

              IPC=MAX(IPC,IDA)                                                               

              XDA1=31.-XDA                                                                   

              TSFN=0.;QRP=0.;SST=0.;YP=0.;YN=0.;YC=0.;QC=0.;YCOU=0.;YPOU=0.                       

              YNOU=0.;QN=0.;QP=0.;QPU=0.;QURB=0.;YMNU=0.;RQRB=0.;QVOL=0.                             

	          YSD=0.;QPST=0.;YPST=0.;TSFK=0.                                                              

  	          RFV=0.;CVF=0.;EVRT=0.

              VQC=0.

              VYC=0.

              VAQN=0.

              VAYN=0.

              VAQP=0.

              VAYP=0.

              VSST=0.

              RFQN=0.

              IF(NPSO>0)THEN                                                                      

	              DO I=1,NPSO

	                  IF(IPSF(I)>0)THEN

				          PSOQ(I)=0.

				          PSOY(I)=0.

				          PSON(I)=0.

				          PSOP(I)=0.

				          PSO3(I)=0.

				          PSSP(I)=0.

				          PQPS(I)=0.

				          PYPS(I)=0.

				          CYCLE

			          END IF                                                                     

	                  II=I+LND                                                                    

                      !     POINT SOURCE INPUT

                      !             I1   = DAY OF YEAR

                      !             I2   = YEAR

                      !             PSOQ = FLOW(M3/D)

                      !             PSOY = SEDIMENT LOAD(T/D)

                      !             PSON = ORGANIC N(KG/D)

                      !             PSOP = ORGANIC P(KG/D) 

                      !             PSO3 = NITRATE N LOAD(KG/D)

                      !             PSH3 = AMMONIA N LOAD(KG/D)

                      !             PSO2 = NITRITE N LOAD(KG/D)

                      !             PSSP = SOLUBLE P LOAD(KG/D)

                      !             PBOD = BOD LOAD(KG/D)

                      !             PSDO = DISOLVED OXYGEN LOAD(KG/D)

                      !             PSCA = CHLORAFIL LOAD(KG/D)

                      !             PQPS = SOLUBLE PESTICIDE LOAD(G/D)

                      !             PYPS = ADSORBED PESTICIDE LOAD(G/D)

                      !             KPSN = PESTICIDE # FROM PESTCOM.DAT

			          READ(KR(II),*,IOSTAT=NFL)I1,I2,PSOQ(I),PSOY(I),PSON(I),&

                      PSOP(I),PSO3(I),PSH3,PSO2,PSSP(I),PBOD,PSDO,PSCA,PQPS(I),&

                      PYPS(I),X1,X2,X3,X4,X5,KPSN(I)

			          IF(NFL/=0)THEN

			              WRITE(KW(36),'(5X,A,I8,A,3I4)')'POINT SOURCE #',I,&

	                      ' ENDS (Y M D)',IYR,MO,KDA                      

	                      IPSF(I)=1                           

                      END IF

                  END DO    

              END IF    

              REP=0.                                                                         

              IF(IHY>0)THEN

                  NRF=0                                                                          

                  RFDT=0.

                  YHY=0.

              END IF

              IF(INFL==4)THEN

                  CALL HRFIN

		          RFV0(1)=RFDT(NRF)

                  CALL WGN                                                                       

                  CALL WTAIR(1)                                                                     

                  X1=TMX(1)-TMN(1)                                                               

                  TMX(1)=TMX(1)+TMXF(MO)                                                         

                  TMN(1)=TMX(1)-TMNF(MO)*X1                                                      

                  CALL WRLHUM(1)                                                                    

                  CALL WNSPD                                                                     

                  TMX=TMX(1)                                                                     

                  TMN=TMN(1)                                                                     

                  SRAD=SRAD(1)                                                                   

                  RHD=RHD(1)                                                                     

                  U10=U10(1)                                                                     

              ELSE

                  I=NWTH

                  IF(NGN>0)THEN

                      DO I=1,NWTH                                                                    

                          II=I+KND                                                                   

                          !     READ DAILY WEATHER IF NOT GENERATED                                            

                          !  1  SRAD = SOLAR RADIAION(MJ/m2 OR LY)(BLANK TO GENERATE)                          

                          !  2  TMX  = MAX TEMP(c)                                                             

                          !  3  TMN  = MIN TEMP(c)                                                             

                          !  4  RFV0 = RAINFALL(mm)(999. TO GENERATE OCCURRENCE & AMOUNT;                      

                          !            -1. TO GENERATE AMOUNT GIVEN OCCURRENCE)                                

                          !  5  RHD  = RELATIVE HUMIDITY(FRACTION)(BLANK TO GENERATE)                          

                          !  6  U10  = WIND VELOCITY(m/s)(BLANK TO GENERATE)                                   

                          !  7  CO2I = ATMOSPHERIC CO2 CONC(ppm)                                                 

                          !  8  REP  = PEAK RAINFALL RATE(mm/h)

                          !  9  ORSD = OBSERVED SOIL SURFACE CROP RESIDUE(t/ha) 

                          READ(KRST(I),1070,IOSTAT=NFL)SRAD(I),TMX(I),TMN(I),RFV0(I),RHD&             

                          (I),U10(I),CO2I,REP,ORSD(I)                                                             

                          IF(NFL/=0)THEN                                                             

                              NGN=-1                                                                 

                              IRF=1

                              KGN=0                                                                  

                              WRITE(KW(1),'(5X,A,A,3I4,1X,A80)')'GENERATED WEATHER STARTS',&               

                              ' (Y M D)',IYR,MO,KDA,FWTH(I)                                                  

                              EXIT

                          END IF

                          SRAD(I)=SRAD(I)*RUNT                                                            

                          RHD(I)=RHD(I)/RHCF                                                         

                          III=0                                                                      

                          IF(RFV0(I)>900..OR.RFV0(I)<0.)THEN                                                         

                              CALL WRWD(I,0)                                                           

                              RFV0(I)=RFV0(I)*RNCF(MO)                                               

                          END IF

                          IF(KGN(2)==0.OR.TMX(I)<=TMN(I))THEN

                              CALL WGN                                                                   

                              CALL WTAIR(I)                                                              

                              X1=TMX(I)-TMN(I)                                                           

                              TMX(I)=TMX(I)+TMXF(MO)                                                     

                              TMN(I)=TMX(I)-TMNF(MO)*X1

                          ELSE                                                      

                              IF(TMX(I)>100..OR.TMN(I)>100.)THEN

                                  CALL WGN                                                                   

                                  CALL WTAIX(I)

                                  X1=TMX(I)-TMN(I)                                                           

                                  TMX(I)=TMX(I)+TMXF(MO)                                                     

                                  TMN(I)=TMX(I)-TMNF(MO)*X1

                              END IF    

                          END IF                

                          IF(KGN(3)==0.OR.SRAD(I)<1.E-5.OR.SRAD(I)>900.)THEN                                                  

                              IF(III==0)CALL WGN                                                           

                              CALL WSOLRA(1)

                              SRAD=SRAD(1)                                                                   

                          END IF

                          IF(KGN(5)>0)THEN

                              IF(RHD(I)<900..AND.RHD(I)>-90.)THEN

                                  IF((RHD(I)<0..OR.RHD(I)>1..OR.IRH>0))THEN

                                      ! RHD=DEW POINT TEMP--CONVERT TO RELATIVE HUM

                                      TX=.5*(TMX(I)+TMN(I)) 

                                      RHD(I)=MIN(.99,ASVP(RHD(I)+273.)/ASVP(TX+273.))

                                      IRH=1                                                                    

                                  ELSE

                                      IF(RHD(I)<1.E-5)THEN 

                                          ! RHD IS MISSING DATA (0. OR 999.)                                                 

                                          IF(III==0)CALL WGN                                                           

                                          CALL WRLHUM(I)

                                      END IF    

                                  END IF    

                              END IF    

                          ELSE

                              IF(III==0)CALL WGN                                                           

                              CALL WRLHUM(I)

                          END IF

                          IF(KGN(4)==0.OR.U10(I)<1.E-10.OR.U10(I)>900..OR.U10(I)<-90.)CALL WNSPD                                                                 

                          U10(I)=U10(1)

                      END DO                                                                         

                      IWI=1                                                                          

                  ELSE    

                      U10(1)=0.                                                                      

                      RHD(1)=0.

                      IF(NWP>1)THEN                                                                  

                          XX=AUNIF(IDG(12))                                                          

                          DO IWI=1,NWP                                                               

                              IF(XX<=AWXP(IWI))EXIT                                                    

                          END DO

                          IAD(IWI)=IAD(IWI)+1                                                                     

                      ELSE                                                                           

                          IWI=1                                                                      

                      END IF                                                                         

                      CALL WRWD(1,0)                                                                   

                      NWPD(IWI)=NWPD(IWI)+1

                      RFSG(IWI)=RFSG(IWI)+RFV0(1)                                                          

                      RFV0(1)=RFV0(1)*RNCF(MO)                                                       

                      CALL WGN                                                                       

                      CALL WTAIR(1)                                                                     

                      X1=TMX(1)-TMN(1)                                                               

                      TMX(1)=TMX(1)+TMXF(MO)                                                         

                      TMN(1)=TMX(1)-TMNF(MO)*X1                                                      

                      CALL WRLHUM(1)                                                                    

                      CALL WNSPD                                                                     

                      TMX=TMX(1)                                                                     

                      TMN=TMN(1)                                                                     

                      SRAD=SRAD(1)                                                                   

                      RHD=RHD(1)                                                                     

                      U10=U10(1)

                  END IF

              END IF    

              IXP=NXP(90)

              IF(ICO2==2)THEN

                  IF(CO2I>0.)CO2=CO2I                                                                    

              END IF

              IF(RFV0(1)>0.)THEN

                  SDRF=SDRF+RFV0(1)*RFV0(1)                                                      

                  IF(RFV0(1)>RMX0)RMX0=RFV0(1)                                                   

                  IF(ITYP==0)THEN                                                                

                      AJP=1.-EXP(-125./(RFV0(1)+5.))                                             

                      AL5=ATRI(ALMN,WI(IWI,MO),AJP,4)                                            

                  ELSE                                                                           

                      AL5=WI(IWI,MO)                                                             

                  END IF

                  IF(AL5>0.)THEN

                      PRFF=-2.*LOG(1.-AL5)                                                           

                  ELSE

                      PRFF=.2

                  END IF        

                  DUR=MIN(24.,4.605/PRFF)                                                        

                  IF(NGN<0)THEN

                      DO ISA=1,MSA                                                                   

                          RFV(ISA)=RFV0(1)                                                           

                      END DO

                  END IF

                  IF(NGN==0)THEN                             

                      XX=AUNIF(IDG(10))                                                              

                      YY=AUNIF(IDG(11))                                                              

                      XX=XX*XSL+XCS                                                                  

                      YY=YY*YSL+YCS                                                                  

                      SUM=0.                                                                         

                      X1=DUR**(-.1478)                                                               

                      DO ISA=1,MSA                                                                   

                          XA=111.2*ABS(XCT(ISA))*COS1                                                           

                          YA=111.2*ABS(YCT(ISA))

                          D2=(XX-XA)**2+(YY-YA)**2                                                   

                          D=SQRT(D2)

                          IF(SCLM(21)>0.)D=MIN(D,SCLM(21))

                          F=D/(D+EXP(SCRP(21,1)-SCRP(21,2)*D))

                          X2=MAX(.001,1.-X1*F)

                          X3=(1.+BXCT*(XA-XCS))*(1.+BYCT*(YA-YCS))                                                           

                          ZTP(ISA)=X2*X3

                          SUM=SUM+ZTP(ISA)                                                           

                      END DO                                                                         

                      RTO=XSA*RFV0(1)/SUM                                                            

                      DO ISA=1,MSA                                                                   

                          X1=ATRI(.8,1.,1.2,6)                                                       

                          RFV(ISA)=RTO*ZTP(ISA)*X1                                                   

                      END DO                                                                         

                  END IF

              END IF

              DO IOW=1,NBON                                                                  

                  DO IHD=1,NHRD(IOW)                                                         

	                  II=IHBS(IHD,IOW)                                                            

	                  IYMD=10000*IYHO(IHD,IOW)+100*MO+KDA                                         

	                  IF(IHDT(II,IHD,IOW)/=IYMD)CYCLE                                             

	                  NCOW(IHD,IOW)=NBSX(II,IHD,IOW)                                              

	                  IF(KFL(1)>0)WRITE(KW(1),892)IY,MO,KDA,IOW,IHD,NCOW(IHD,&                    

                      IOW)                                                                   

  	                  IHBS(IHD,IOW)=IHBS(IHD,IOW)+1                                             

	                  IF(IHBS(IHD,IOW)>NHBS(IHD,IOW))IHBS(IHD,IOW)=1                              

	              END DO                                                                          

                  IF(NSAS(IOW)>=2.AND.MNUL<3)THEN                                           

                      X5=PDPL(IDSS(1,IOW))                                                   

                      ISAS(IOW)=IDSS(1,IOW)                                                  

                      DO J=2,NSAS(IOW)                                                       

                          IF(X5<PDPL(IDSS(J,IOW)))CYCLE                                      

                          X5=PDPL(IDSS(J,IOW))                                               

                          ISAS(IOW)=IDSS(J,IOW)                                              

                      END DO                                                                 

                  END IF                                                                     

                  IF(NSAL(IOW)==0)CYCLE                                                      

                  X5=PDPL(IDSL(1,IOW))                                                       

                  ISAL(IOW)=IDSL(1,IOW)                                                      

                  IF(NSAL(IOW)<2)CYCLE                                                       

                  DO J=2,NSAL(IOW)                                                           

                      IF(X5<PDPL(IDSL(J,IOW)))CYCLE                                          

                      X5=PDPL(IDSL(J,IOW))                                                   

                      ISAL(IOW)=IDSL(J,IOW)                                                  

                  END DO                                                                     

              END DO                                                                         

              SYW=0.                                                                         

              SRYF=0.                                                                             

	          VAR=0.

	          VARH=0.

	          TAC=0.                                                                              

              DO ICMD=1,NCMD ! COMMAND LOOP   

                  SELECT CASE(ICDT(ICMD))                                                        

                      CASE(1)                                                                    

                          CALL BSUB(IXP)

                          !WRITE(KW(1),'(A,I8,A,I8)')'ISA=',ISA,'NBSA=',NBSA                                                         

                          WSAX=WSA(NISA(IDNB(IDO)))                                              

	                      X1=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

	                      VARH(13,IDO)=QN(IDO)  !X1                                                             

	                      SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+QN(IDO)   !X1                                          

                          X1=QP(IDO)                                                        

	                      VARH(19,IDO)=X1                                                             

	                      SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+X1                                          

	                      SST(IDO)=SST(IDO)+QRP(IDO)                                                  

	                  CASE(2)

	                      TDEG=0.

                          TDEP=0.                                                                         

                          CALL ROUTE

                          !WRITE(KW(1),'(A)')'ROUTE'                                                             

                      CASE(3)                                                                    

                          CALL RTADD                                                             

                      CASE(4)                                                                    

                          CALL RESRT                                                             

                      CASE(5)                                                                    

                          CALL RESPOND                                                           

                  END SELECT 

                  XX=10.*RWSX                                                                    

                  SRCH(7,IDO)=SRCH(7,IDO)+QVOL(IDO)                                              

                  SRCH(8,IDO)=SRCH(8,IDO)+YSD(NDRV,IDO)

                  SRCH(9,IDO)=SRCH(9,IDO)+YN(IDO)                                                

                  SRCH(10,IDO)=SRCH(10,IDO)+YP(IDO)                                              

                  SRCH(11,IDO)=SRCH(11,IDO)+QN(IDO)                                              

                  SRCH(12,IDO)=SRCH(12,IDO)+QP(IDO)                                              

                  SRCH(15,IDO)=SRCH(15,IDO)+SST(IDO)/XX                                             

                  SRCH(16,IDO)=SRCH(16,IDO)+RSSF(IDO)/XX                                            

                  SRCH(17,IDO)=SRCH(17,IDO)+TSFN(IDO)                                            

                  SRCH(21,IDO)=SRCH(21,IDO)+QRFN(IDO)                                            

                  SRCH(22,IDO)=SRCH(22,IDO)+QDRN(IDO)                                            

                  SRCH(18,IDO)=SRCH(18,IDO)+RSFN(IDO)                                            

                  SRCH(19,IDO)=SRCH(19,IDO)+QRF(IDO)/XX                                             

                  SRCH(20,IDO)=SRCH(20,IDO)+QDR(IDO)/XX                                             

                  SRCH(23,IDO)=SRCH(23,IDO)+CPVH(IDO)/XX                                            

                  SRCH(24,IDO)=SRCH(24,IDO)+YMNU(IDO)                                            

                  SRCH(25,IDO)=SRCH(25,IDO)+.001*YC(IDO)/RWSX                                         

	              SRCH(26,IDO)=SRCH(26,IDO)+QPU(IDO)

	              SRCH(27,IDO)=SRCH(27,IDO)+QDRP(IDO)                                            

	              VARW(13)=QVOL(IDO)/XX

                  VARW(15)=SST(IDO)/XX

                  VARW(NDVSS)=YSD(NDRV,IDO)/RWSX

                  VARW(37)=YN(IDO)/RWSX

                  VARW(38)=(QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO))/RWSX

                  VARW(39)=TSFN(IDO)/RWSX

                  VARW(72)=RSSF(IDO)/XX

                  VARW(80)=RSFN(IDO)/RWSX

                  VARW(17)=QDR(IDO)/XX

                  VARW(47)=QDRN(IDO)/RWSX

                  VARW(48)=YP(IDO)/RWSX

                  VARW(49)=QP(IDO)/RWSX

                  VARW(76)=QC(IDO)/RWSX

                  VARW(77)=YC(IDO)/RWSX

                  VARW(83)=QRF(IDO)/XX

                  VARW(84)=QRFN(IDO)/RWSX

                  VARW(88)=YMNU(IDO)/RWSX

                  VARW(108)=QPU(IDO)/RWSX

                  VARW(117)=WYLD(IDO)/XX !mm

                  VARW(118)=YPM(IDO)/RWSX

                  VARW(143)=QDRP(IDO)/RWSX

                  IF(IHY>0)THEN

                      T1=0.

                      AD1=0.

                      X2=0.

                      AD1=-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1)))

                      DO K=1,NPD

                          X1=QHY(K,IDO,IHX(1)) 

                          AD1=AD1+X1

                          IF(X1>X2)THEN

                              X2=X1

                              X3=T1

                          END IF

                          T1=T1+DTHY

                      END DO

                      AD1=AD1*DTHY*360./RWSA(IDO)

	                  HYDV(IDO)=AD1

	                  IWH=0.

                      IF(AD1>=QTH)THEN

                          IWH=1

                          T1=0.

	                      DO K=1,NPD

	                          IF(KFL(26)>0)WRITE(KW(26),26)T1,(QHY(K,IDO,IHX(J)),J=1,MHX)

	                          T1=T1+DTHY

	                      END DO

                          IF(IDO==NCMD.AND.KFL(12)>0)THEN

	                          T1=0.

	                          DO K=2,NPD

	                              T1=T1+DTHY

	                              T2=T2+DTHY

                                  IF(KFL(12)>0)WRITE(KW(12),'(5X,3I4,F8.3,F10.2,E13.5)')IY,MO,KDA,T1,&

	                              T2,QHY(K,IDO,IHX(1))

	                              ADHY=ADHY+QHY(K,IDO,IHX(1))

                              END DO

	                      END IF    

	                  END IF

	                  SQVL(IDO)=SQVL(IDO)+QVOL(IDO)

                      SHYD(IDO)=SHYD(IDO)+AD1

	                  IF(ICDT(ICMD)==3)THEN

	                      II=0

	                  ELSE

	                      II=IDNB(IDO)

	                  END IF

	                  IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),12)CMDX(ICDT(IDO)),IDO,II,IY,MO,KDA,X2,&

                      X3,AD1,SQVL(IDO),SHYD(IDO)

                      IF(KFL(25)>0)WRITE(KW(25),12)CMDX(ICDT(IDO)),IDO,II,IY,MO,KDA,X2,&

                      X3,AD1,SQVL(IDO),SHYD(IDO)

	              END IF 

              END DO ! COMMAND LOOP

              !ISA=NISA(IDNB(IDO))                                              

              TAC=TAC+YC(IDO)

        !      IF(NDP>0)THEN                                                                  

	       !       X1=(SST(IDO)+QRF(IDO)+CPVH(IDO)+QDR(IDO))/(10.*RWSX) !mm Jaehak 2022

        !          X2=QVOL(IDO)/(10.*RWSX) !mm

        !          X3=YSD(NDRV,IDO)/RWSX

	       !       IF(KFL(6)>0)THEN

	       !           DO K=1,NDP

	       !               IF(K==1)THEN

	       !                   WRITE(KW(6),903)MSA,NBSA(MSA),IYR,MO,KDA,RFV(IRF(1)),&

	       !                   X2,X1,X3,PSTN(K),(VARP(J,K,IDO),J=1,12)             

        !                  ELSE

        !                      WRITE(KW(6),904)MSA,NBSA(MSA),IYR,MO,KDA,PSTN(K),&

        !                      (VARP(J,K,IDO),J=1,12)        

        !                  END IF

        !              END DO

        !          END IF

        !          IF(KFL(29)>0)WRITE(KW(29),909)MSA,NBSA(MSA),IYR,MO,KDA,&

        !          RFV(IRF(1)),X2,X1,X3,(PSTN(K),QPST(K,IDO),TSPS(K,IDO),&

        !          YPST(K,IDO),K=1,NDP)

        !!         IF(MSA>1)THEN

        !!             QQ=QVOL(IDO)+X1

        !!	          YY=YSD(NDRV,IDO)

        !!	          SSPZ=0.

        !!             CALL PSTFRQ(QQ,YY,SSPZ,NCMD,IXP)                                                          

        !!         END IF

        !      END IF                                                                         

              VARP=0.

              CALL SWN1530 

              IF(KFL(42)>0)WRITE(KW(42),682)IYR,MO,KDA,SW15,SW30,SNN15,SNN30,&               

              SNA15,SNA30,VARUA(4,ISA),VARUA(10,ISA),VARUA(11,ISA),(VARUA(K,ISA),&

              K=13,20),(VARS(K),K=6,8),(Z(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (SWST(LID(K,ISA),ISA),K=1,NBSL(ISA)),(UW(LID(K,ISA)),K=1,&

              NBSL(ISA)),(SEV(LID(K,ISA),ISA),K=1,NBSL(ISA)),(PKRZ(LID(K,ISA)),&

              K=1,NBSL(ISA)),(SSF(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (WNO3(LID(K,ISA),ISA),K=1,NBSL(ISA)),(UN(LID(K,ISA)),&

              K=1,NBSL(ISA)),(VNO3(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (STMP(LID(K,ISA),ISA),K=1,NBSL(ISA))                                                                        

   	          IF(KFL(16)>0)WRITE(KW(16),894)IYR,MO,KDA,RFV0(IRF(1)),(VARW&

              (KD(K)),K=1,NKD)

              ! ROTATE GRAZING

              IF(IHRD==2)THEN                                                           

                  DO I=1,NBON                                                                

                      DO IHD=1,NHRD(I)                                                           

                          I1=IGZX(IHD,I)                                                                 

                          IF(NGZA(IHD,I)<2)CYCLE

                          X1=AGPM(I1)                                                                    

                          IGZ(I1)=IGZ(I1)+1                                                              

                          IF(IGZ(I1)<=LGRZ)THEN

                              IF(X1>GZLM(IHD,I1).AND.NGZ(IHD,I1)>0)CYCLE

                          END IF

                          J1=IGZO(IHD,I)                                                                 

                          DO K1=1,NGZA(IHD,I)                                                            

                              J1=J1+1                                                                        

                              IF(J1>NGZA(IHD,I))J1=1                                                         

                              I2=NGIX(J1,IHD,I)                                                                  

                              IF(IGZ(I2)==0)EXIT                                                          

                          END DO                                                                         

                          IGZX(IHD,I)=I2                                                                 

                          IGZ(I2)=1                                                                      

                          IGZ(I1)=0                                                                      

                          IGZO(IHD,I)=J1                                                                 

                      END DO

                  END DO         

              END IF 

              DO I=90,2,-1                                                                   

                  I1=I-1                                                                         

                  NXP(I)=NXP(I1)                                                                 

              END DO                                                                         

              NXP(1)=IXP                                                                     

              SMMR(11,MO)=SMMR(11,MO)+QVOL(IDO)                                              

              SMMR(12,MO)=SMMR(12,MO)+WYLD(IDO) !m3

              SMMR(13,MO)=SMMR(13,MO)+YSD(NDRV,IDO)                                          

              SMMR(14,MO)=SMMR(14,MO)+YN(IDO)                                                

              SMMR(15,MO)=SMMR(15,MO)+YP(IDO)                                                

              SMMR(16,MO)=SMMR(16,MO)+QN(IDO)   

              SMMR(17,MO)=SMMR(17,MO)+(QP(IDO)+QDRP(IDO))                                                                                                

              SMMR(18,MO)=SMMR(18,MO)+YMNU(IDO)                                              

              SMMR(19,MO)=SMMR(19,MO)+QPU(IDO)                                                    

	          SMMR(20,MO)=SMMR(20,MO)+YC(IDO)                                                     

	          SMMR(21,MO)=SMMR(21,MO)+QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)                                                     

              DO K=1,NDP                                                                     

                  SMMRP(3,K,MO)=SMMRP(3,K,MO)+QPST(K,IDO)+TSPS(K,IDO)+RSPS(K,IDO)                                        

                  SMMRP(4,K,MO)=SMMRP(4,K,MO)+YPST(K,IDO)                                        

              END DO

              CALL HGWST

              DO ISA=1,MSA

                  IF(ISA==ISAP)CALL NCONT(ISA)                                                               

              END DO

              IF(KFL(44)>0)THEN

                  DO I=1,MSA                                                                     

                      I1=NBSA(IBSA(I))                                                               

	                  I2=NISA(I1)

	                  II=IDOA(I2)

			          I3=II

                      WRITE(KW(44),153)I2,I1,IYR,MO,KDA,GWST(I2),&

                      GWEL(I2),(VARUA(KD(K),I2),K=1,NKD)

	              END DO

              END IF	                            

              !CALL NCONT(1)                                                               

              IF(KFL(35)>0.AND.IPD>=6.AND.MSA>1)THEN

                  DO I=1,MSA                                                                     

                      I1=NBSA(IBSA(I))                                                               

	                  I2=NISA(I1)

	                  IF(IEXT(I2)>0)THEN

			              II=IDOA(I2)

			              X2=WSA(I2)

			              I3=II

		              ELSE

			              II=IDOA(I2)-1

			              X2=RWSA(II)+WSA(I2)

			              I3=II+2

		              END IF		

		              IF(VARH(7,II)<1.)VARH(7,II)=VARH(6,II)/(VARH(2,II)*.0864+1.E-10)                    

	                  IF(NTX(II)==0)WRITE(KW(35),472)I1,IYR,IDA,X2,VARH(1,II),&

	                  VARH(2,I3),VARH(33,II),VARH(35,I3),(VARH(K,II),K=3,NSH-3)

	                  !,&(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)

                      !Subdaily reach output Jaehak Jeong 2013

                      IF(NTX(II)==0.AND.IPD==9.AND.IEXT(I2)==0)THEN

                          IDT=IDA-1-DTHY/24.

                          DO K=1,INT(24./DTHY)

                              IDT=IDT+DTHY/24.

                              WRITE(KW(35),473)I1,IYR,IDT,X2,0.,0.,&

	                          QHY(K,II,IHX(1)),QHY(K,I3,IHX(1))                             

                          END DO

                      END IF

     	              NTX(II)=1                                                                      

	              END DO

              END IF	                                                                                    

              IF(KFL(34)>0.AND.IPD>5)THEN                                                    

	              DO I=1,MSA                                                                          

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)                                                                         

	                  II=IDOA(I2)

	                  X2=.001*ZOC(I2)

                      WRITE(KW(34),471)I1,IYR,IDA,WSA(I2),VARUA(4,I2),VARUA(5,I2),&

                      VARUA(6,I2),VARUA(18,I2),VARUA(10,I2),VARUA(11,I2),RZSW(I2),&

                      VARUA(16,I2),VARUA(71,I2),VARUA(13,I2),VARUA(15,I2),VARUA(72,I2),&

                      VARUA(117,I2),VARUA(14,I2),VARUA(1,I2),VARUA(2,I2),VARUA(59,I2),&

                      VARUA(3,I2),VARUA(27,I2),VARUA(31,I2),VARUA(53,I2),VARUA(54,I2),&

                      VARUA(55,I2),VARUA(56,I2),VARUA(57,I2),VARUA(43,I2),VARUA(42,I2),&

                      VARUA(37,I2),VARUA(119,I2),VARUA(38,I2),VARUA(49,I2),VARUA(118,I2),&

                      VARUA(39,I2),VARUA(80,I2),X2,(PCTH(J,II),J=1,NSZ),(PCT(J,II),&

                      J=1,NSZ),(YLD1(LY(IRO(I2),J,I2),I2),YLD2(LY(IRO(I2),J,I2),I2),&

                      (VARC(K,LY(IRO(I2),J,I2),I2),K=1,17),CPNM(LY(IRO(I2),J,I2)),&

                      J=1,NCP(IRO(I2),I2))

                  END DO                                                                            

              END IF 

              IF(IHY>0)THEN

                  DO I=1,NCMD

                      DO K=1,NPD

                          QHY(K,I,IHX(1))=0. 

                      END DO

                  END DO

                  II=IHX(1)

                  DO I=2,MHX

                      IHX(I-1)=IHX(I)

                  END DO

                  IHX(MHX)=II

              END IF

              X2=10.*RWSX

              ZTZ(1)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+SST(IDO)+QDR(IDO)+CPVH(IDO)+1.E-10

              ZTZ(5)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+TSFN(IDO)+QDRN(IDO)                    

              ZTZ(6)=QP(IDO)+QPU(IDO)                     

              IF(KFL(37)>0)THEN                                                               

                  ZTZ(2)=1.E5*YSD(NDRV,IDO)/ZTZ(1)                                                        

                  ZTZ(3)=100.*YN(IDO)/ZTZ(1)                                                              

                  ZTZ(4)=100.*YP(IDO)/ZTZ(1)

                  X2=100.*ZTZ(5)/ZTZ(1)

                  X3=100.*ZTZ(6)/ZTZ(1)

                  WRITE(KW(37),902)IDA,IYR,(ZTZ(I),I=1,4),X2,X3

              END IF

              IF(KFL(5)>0)THEN                                                               

                  X2=10.*RWSX

                  X3=MIN(.95,DRSW*PRMT(63))

                  X4=MIN(.95,DRSW*PRMT(75))                                                                      

                  ZTZ(2)=YSD(NDRV,IDO)*DRSW                                                        

                  ZTZ(3)=YN(IDO)*X3                                                              

                  ZTZ(4)=YP(IDO)*X4                                                              

                  IF(NDP>0)THEN

                      DO K=1,NDP

                          XTMP(K,IDO)=QPST(K,IDO)+TSPS(K,IDO)+RSPS(K,IDO)

                      END DO

                  END IF

                  WRITE(KW(5),902)IDA,IYR,(ZTZ(I),I=1,6),(XTMP(K,IDO),YPST(K,IDO),&

                  K=1,NDP)                                         

              END IF

              IF(IDA==NSTP)STOP

              DO ! MONTHLY LOOP                                                                         

                  CALL AXMON

                  IF(MO==MO1)EXIT

                  DO K=1,21 ! SUM SMMR INTO SMYR                                                                     

                      SMYR(K)=SMYR(K)+SMMR(K,MO1)                                                    

                  END DO                                                                         

                  DO K=1,NDP                                                                     

                      DO J=1,4                                                                       

                          SMYRP(J,K)=SMYRP(J,K)+SMMRP(J,K,MO1)                                           

                      END DO                                                                         

                  END DO                                                                         

                  AVRF=0.                                                                        

                  ZTZ=0.

                  TWMP=0.

                  TSMU=0.

                  AVRF=0.

                  XTX=0.

	              TPRK=0.

	              TSSP=0.

	              TLHP=0.

	              TDFP=0.

	              TDSP=0.

	              TDRP=0.

	              TRFP=0.

	              ZTX=0.                                                                         

                  DO ISA=1,MSA ! SA LOOP                                                              

                      LD1=LID(1,ISA)

                      WSAX=WSA(ISA) 

                      WSAX1=10.*WSAX

                      PMOEO=SMM(10,MO1,ISA)                                                          

                      PMORF=SMM(4,MO1,ISA)-SMM(13,MO1,ISA)                                           

                      XX=IDA-JJ                                                                      

                      STV(8,MO1,ISA)=RZSW(ISA)                                                       

                      STV(9,MO1,ISA)=WTBL(ISA)                                                       

                      STV(2,MO1,ISA)=ZNO3(ISA)                                                       

                      STV(1,MO1,ISA)=ZNH3(ISA)                                                       

                      STV(3,MO1,ISA)=PDPLC(ISA)

                      STV(4,MO1,ISA)=ZSK(ISA)                                                                                                             

                      STV(10,MO1,ISA)=GWST(ISA)                                                       

                      STV(16,MO1,ISA)=SWLT(ISA)                                                      

                      STV(17,MO1,ISA)=SNO(ISA)                                                       

                      STV(19,MO1,ISA)=GWSN(ISA)                                                      

                      STV(20,MO1,ISA)=ZSLT(ISA)                                                      

                      SMMUA(120,MO1,ISA)=SW(ISA)                                                     

                      NN=NCP(IRO(ISA),ISA)

                      N2=0

                      DO K=1,NN                                                                      

                          K1=LY(IRO(ISA),K,ISA)                                                          

                          NTP(K1)=0                                                                      

                      END DO                                                                         

                      DO K=1,NN                                                                  

                          K1=LY(IRO(ISA),K,ISA)

                          IF(NTP(K1)>0)THEN

                              N2=N2+1                                                                        

                              CYCLE

                          END IF                                                                      

                          NTP(K1)=1        

                          IF(KGO(K1,ISA)>0)THEN                                                          

                              SMMC(1,K1,MO1,ISA)=HUI(K1,ISA)                                                 

                              SMMC(2,K1,MO1,ISA)=SLAI(K1,ISA)                                                

                              SMMC(3,K1,MO1,ISA)=RD(K1,ISA)                                                  

                              SMMC(4,K1,MO1,ISA)=RW(K1,ISA)                                                  

                              SMMC(5,K1,MO1,ISA)=DM(K1,ISA)                                                  

                              SMMC(6,K1,MO1,ISA)=STL(K1,ISA)                                                 

                              SMMC(7,K1,MO1,ISA)=CPHT(K1,ISA)                                                

                          END IF                                                                         

                          ISM=0                                                                          

                          SMMC(8,K1,MO1,ISA)=STD(K1,ISA)                                                 

                          SMMC(9,K1,MO1,ISA)=STDL(K1,ISA)                                                

                          DO J=1,7                                                                       

                              KTP(J)=SFMO(J,K1,ISA)+.5                                                       

                              ISM=ISM+KTP(J)                                                                 

                              SFMO(J,K1,ISA)=0.                                                              

                          END DO                                                                         

                          IF(ISM==0)THEN

                              KDT(MO1,K1,ISA)=0                                                              

                              CYCLE                                                                      

                          ELSE

                              CALL ASORTI(KTP,MNST,7)                                                        

                              KDT(MO1,K1,ISA)=KTP(MNST(5))+100*MNST(5)+1000*&

                              KTP(MNST(6))+100000*MNST(6)+1000000*KTP(MNST(7))&

                              +100000000*MNST(7)                                 

                          END IF                          

                      END DO         

                      NN=NN-N2                                                                       

                      STV(12,MO1,ISA)=RSD(LD1,ISA)                                                   

                      STV(18,MO1,ISA)=RSDM(LD1,ISA)                                                  

                      STV(11,MO1,ISA)=STDO(ISA)                                                       

                      SSW(ISA)=SSW(ISA)/XX                                                           

                      ASW(MO1,ISA)=ASW(MO1,ISA)+SSW(ISA)                                             

                      SSW(ISA)=0.                                                                    

                      TR(MO1,ISA)=TR(MO1,ISA)+SMM(4,MO1,ISA)                                         

                      TSY(MO1,ISA)=TSY(MO1,ISA)+SMM(NDVSS,MO1,ISA)                                   

                      TYON(MO1,ISA)=TYON(MO1,ISA)+SMM(37,MO1,ISA)                                    

                      TYTP(MO1,ISA)=TYTP(MO1,ISA)+SMM(48,MO1,ISA)                                    

                      TQP(MO1,ISA)=TQP(MO1,ISA)+SMM(49,MO1,ISA)                                      

	                  TQPU(MO1,ISA)=TQPU(MO1,ISA)+SMM(108,MO1,ISA)                                        

                      TQN(MO1,ISA)=TQN(MO1,ISA)+SMM(38,MO1,ISA)                                      

                      TYW(MO1,ISA)=TYW(MO1,ISA)+SMM(36,MO1,ISA)                                      

                      TQ(MO1,ISA)=TQ(MO1,ISA)+SMM(13,MO1,ISA)                                        

                      TRHT(MO1,ISA)=TRHT(MO1,ISA)+SMM(33,MO1,ISA)                                    

                      TET(MO1,ISA)=TET(MO1,ISA)+SMM(11,MO1,ISA)

                      SMM(2,MO1,ISA)=SMM(2,MO1,ISA)/XX                                               

                      SMM(1,MO1,ISA)=SMM(1,MO1,ISA)/XX                                               

                      SMM(3,MO1,ISA)=SMM(3,MO1,ISA)/XX 

                      SMM(9,MO1,ISA)=SMM(9,MO1,ISA)/XX                                               

                      SMM(59,MO1,ISA)=SMM(59,MO1,ISA)/XX                                             

                      SMM(7,MO1,ISA)=SMM(7,MO1,ISA)/XX                                               

                      SMM(8,MO1,ISA)=SMM(8,MO1,ISA)/XX                                               

                      SMM(33,MO1,ISA)=SMM(33,MO1,ISA)/XX                                             

                      SMM(34,MO1,ISA)=SMM(34,MO1,ISA)/XX                                             

                      SMM(35,MO1,ISA)=SMM(35,MO1,ISA)/XX                                             

                      SMM(60,MO1,ISA)=SMM(60,MO1,ISA)/XX                                             

                      SMM(32,MO1,ISA)=SMM(32,MO1,ISA)/XX                                             

                      IF(ISA==MSA)JJ=IDA                                                             

                      DO K=1,NSM ! SUM SMM INTO SMY                                                                    

                          SMY(K,ISA)=SMY(K,ISA)+SMM(K,MO1,ISA)                                           

                      END DO

                      CALL AUAC(1)

                      SET(MO1,ISA)=SET(MO1,ISA)+SMMUA(10,MO1,ISA)                                      

                      TSN(MO1,ISA)=TSN(MO1,ISA)+SMMUA(16,MO1,ISA)                                      

                      TXMX(MO1,ISA)=TXMX(MO1,ISA)+SMM(1,MO1,ISA)                                     

                      TXMN(MO1,ISA)=TXMN(MO1,ISA)+SMM(2,MO1,ISA)                                     

                      TSR(MO1,ISA)=TSR(MO1,ISA)+SMM(3,MO1,ISA)                                       

                      IF(KFL(40)>0)THEN

                          DO J=1,NCP(IRO(ISA),ISA)

                              ZTX(J)=1000.*YLD2(LY(IRO(ISA),J,ISA),ISA)

                              YLX(J)=MAX(0.,ZTX(J)-YLX(J))                                                        

                          END DO

                          WRITE(KW(40),155)NBSA(ISA),IYR,MO1,SMMUA(4,MO1,ISA),SMMUA(13,MO1,ISA),&

                          SMMUA(117,MO1,ISA),SMMUA(16,MO1,ISA),RST0(ISA),(CPNM(LY(IRO(ISA),J,ISA)),&

                          SMMC(1,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(2,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(5,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(6,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(8,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(10,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(11,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(12,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(13,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(14,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(15,LY(IRO(ISA),J,ISA),MO1,ISA),CNLV(LY(IRO(ISA),J,ISA)),&

                          BN(3,LY(IRO(ISA),J,ISA)),YLX(J),SMMUA(141,MO1,ISA),J=1,NCP(IRO(ISA),ISA))

                          DO J=1,NCP(IRO(ISA),ISA)

                              YLX(J)=ZTX(J)

                          END DO                    

                      END IF                                                                                    

                      IF(NDP>0)THEN                                                                  

                          DO K=1,NDP                                                                 

                              DO K1=1,7                                                                      

                                  SMYP(K1,K,IDOA(ISA))=SMYP(K1,K,IDOA(ISA))+SMMP(K1,K,&

                                  MO1,IDOA(ISA))                               

                              END DO

                              DO K1=10,13                                                                         

                                  SMYP(K1,K,IDOA(ISA))=SMYP(K1,K,IDOA(ISA))+SMMP(K1,K,&

                                  MO1,IDOA(ISA))

                              END DO

                          END DO                              

                      END IF                                                                         

                      TCVF(MO1,ISA)=TCVF(MO1,ISA)+SMMUA(25,MO1,ISA)                                    

                      TEI(MO1,ISA)=TEI(MO1,ISA)+SMMUA(24,MO1,ISA)                                      

                      SMMUA(25,MO1,ISA)=SMMUA(25,MO1,ISA)/(SMMUA(24,MO1,ISA)+1.E-20)                       

                      X1=JCN(ISA)-JCN0(ISA)                                                          

                      SMMUA(14,MO1,ISA)=SMMUA(14,MO1,ISA)/(X1+1.E-20)                                    

	                  TCN(MO1,ISA)=TCN(MO1,ISA)+SMMUA(14,MO1,ISA)                                           

                      JCN0(ISA)=JCN(ISA) 

                      CALL SPRNT 

                      IF(KFL(43)>0)THEN

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              IF(I==1)THEN

                                  WRITE(KW(43),901)ISA,NBSA(ISA),IYR,IY,MO1,&

                                  LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL,ISA),&

                                  SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),&

                                  BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),&

                                  CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),PH(ISL,ISA),&

                                  SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),&

                                  PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              ELSE    

                                  WRITE(KW(43),900)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),&

                                  SOIL(9,ISL,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),&

                                  HCL(ISL,ISA),BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),&

                                  SIL(ISL,ISA),CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),&

                                  PH(ISL,ISA),SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),&

                                  CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              END IF

                          END DO

                      END IF

                      IF(KFL(47)>0)CALL SOIL_05(KW(47))

                      ! WRITE MO VALUES AND SUM YEARLY VALUES                                          

                      IF(MO>MO1)CYCLE

                      ACC=0.

                      ADD=0.

                      SUM=0.

                      TOT=0.

                      DO J=1,LC

                          ACC=ACC+STDP(J,ISA)

                          ADD=ADD+STDN(J,ISA)

                          TOT=TOT+UP1(J,ISA)

                          SUM=SUM+UN1(J,ISA)

                      END DO

                      FTN=ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM

	                  FTP=ZPML(ISA)+ZPMS(ISA)+ZPMA(ISA)+ZPO(ISA)+ZFOP(ISA)+ACC+STDOP&

                      (ISA)+TOT

	                  ZTX(23)=ZTX(23)+BTNX(ISA)*WSAX 

	                  ZTX(24)=ZTX(24)+BTPX(ISA)*WSAX 

	                  BTNX(ISA)=FTN

	                  BTPX(ISA)=FTP

	                  ZTX(25)=ZTX(25)+FTN*WSAX

	                  ZTX(26)=ZTX(26)+FTP*WSAX 

	                  ZTX(27)=ZTX(27)+BTCX(ISA)*WSAX

	                  ZTX(28)=ZTX(28)+ZOC(ISA)*WSAX

	                  ZTX(32)=ZTX(32)+PDPLX(ISA)*WSAX                                                           

	                  ZTX(33)=ZTX(33)+PDPL(ISA)*WSAX

	                  PDPLX(ISA)=PDPL(ISA)                                                           

	                  ZTX(34)=ZTX(34)+SLTX(ISA)*WSAX                                                           

	                  ZTX(35)=ZTX(35)+ZSLT(ISA)*WSAX

	                  SLTX(ISA)=ZSLT(ISA)

                      SMY(1,ISA)=SMY(1,ISA)/12.                                                      

                      SMY(2,ISA)=SMY(2,ISA)/12.                                                      

                      SMY(3,ISA)=SMY(3,ISA)/12.                                                      

                      SMY(7,ISA)=SMY(7,ISA)/12.                                                      

                      SMY(8,ISA)=SMY(8,ISA)/12.                                                      

                      SMY(9,ISA)=SMY(9,ISA)/12.

                      SMY(33,ISA)=SMY(33,ISA)/12.                                                    

                      SMY(34,ISA)=SMY(34,ISA)/12.                                                    

                      SMY(35,ISA)=SMY(35,ISA)/12.

                      SMY(59,ISA)=SMY(59,ISA)/12.                                                    

                      SMY(60,ISA)=SMY(60,ISA)/12.                                                    

                      AVRF=AVRF+SMY(4,ISA)                                                           

                      IF(KFL(21)>0)CALL SOCIOA(KDA)                                                  

                      IF(LM(ISA)==0.AND.LUN(ISA)/=35)THEN

                          CALL NLIME                                                                     

	                      IF(TLA>0.)THEN

                              X3=TLA*COL                                                                     

                              COST(ISA)=COST(ISA)+X3                                                         

                              X1=COTL(IAUL(ISA))                                                             

                              X2=X1-COOP(IAUL(ISA))                                                          

                              COST(ISA)=COST(ISA)+X1                                                         

                              CSFX=CSFX+X2                                                                   

                              IF(KFL(31)>0)THEN                                                              

                                  WRITE(KW(31),667)ISA,NBSA(ISA),IYR,MO1,KDA,KDC(JJK),X3,X3,TLA                  

                                  WRITE(KW(31),666)ISA,NBSA(ISA),IYR,MO1,KDA,TIL(IAUL(ISA)),&

                                  KDC(JJK),IHC(IAUL(ISA)),NBE(IAUL(ISA)),NBT(IAUL(ISA)),X1,&

                                  X2,FULU(IAUL(ISA))

                              END IF

                          END IF                                                                         

                          SMMUA(58,MO,ISA)=SMMUA(58,MO,ISA)+TLA                                              

                          VAR(58,ISA)=TLA                                                                

                          SMY(58,ISA)=TLA

                      END IF                                                                

                      DO K=1,NSM ! SUM SMY INTO SM                                                                     

                          SM(K,ISA)=SM(K,ISA)+SMY(K,ISA)                                                 

                      END DO 

                      CALL AUAC(2)

                      CALL AUAC(3)

                      IF(NDP>0)THEN                                                                  

                          DO K=1,NDP                                                                     

                              DO I=1,7                                                                     

                                  SMAP(I,K,IDOA(ISA))=SMAP(I,K,IDOA(ISA))+SMYP(I,K,IDOA(ISA))

                                  IF(MSA==1)CYCLE

                                  SMAP(I,K,NCMD)=SMAP(I,K,NCMD)+WSAX*SMYP(I,K,IDOA(ISA))                                    

                              END DO

                              DO I=10,13                                                                       

                                  SMAP(I,K,IDOA(ISA))=SMAP(I,K,IDOA(ISA))+SMYP(I,K,IDOA(ISA))

                                  IF(MSA==1)CYCLE

                                  SMAP(I,K,NCMD)=SMAP(I,K,NCMD)+WSAX*SMYP(I,K,IDOA(ISA))

                              END DO                                                     

                          END DO                                                                         

                      END IF                                                                         

                      SMYUA(25,ISA)=SMYUA(25,ISA)/(SMYUA(24,ISA)+1.E-20)

                      IF(KFL(27)>0)THEN

                          WRITE(KW(27),537)ISA,NBSA(ISA),IYR,IY,SMYUA(13,ISA),SMYUA(15,ISA),&

                          SMYUA(16,ISA),SMYUA(17,ISA),SMYUA(NDVSS,ISA),SMYUA(77,ISA),PSTN(1),&

                          (SMYP(J,1,IDOA(ISA)),J=1,7),SMYP(10,1,IDOA(ISA)),SMYP(11,1,&

                          IDOA(ISA))

	                      IF(NDP>1)THEN

	                          DO K=2,NDP 

                                  WRITE(KW(27),538)PSTN(K),(SMYP(J,K,IDOA(ISA)),J=1,7),&

                                  SMYP(10,K,IDOA(ISA)),SMYP(11,K,IDOA(ISA))

                              END DO

                          END IF

                      END IF                                   

                      II=0                                                                           

                      X1=JCN(ISA)-JCN1(ISA)                                                          

                      SMYUA(14,ISA)=SMYUA(14,ISA)/(X1+1.E-20)                                            

                      JCN1(ISA)=JCN(ISA)                                                             

                      II=0                                                                           

                      CALL SPRNT

                      IF(KFL(46)>0)THEN

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              IF(I==1)THEN

                                  WRITE(KW(46),901)ISA,NBSA(ISA),IYR,IY,MO1,&

                                  LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL,ISA),&

                                  SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),&

                                  BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),&

                                  CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),PH(ISL,ISA),&

                                  SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),&

                                  PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              ELSE    

                                  WRITE(KW(46),900)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),&

                                  SOIL(9,ISL,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),&

                                  HCL(ISL,ISA),BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),&

                                  SIL(ISL,ISA),CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),&

                                  PH(ISL,ISA),SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),&

                                  CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              END IF

                          END DO

                      END IF

                      IF(KFL(48)>0)CALL SOIL_05(KW(48))

                      IF(IY==IPY.AND.KFL(1)>0)THEN

                          IIP=IPYI                                                                       

                          IF(IPD>2.OR.NBSA(ISA)==ISAP)THEN

                              IF(NDP>0)THEN

                                  DO K=1,NDP                                                                 

                                      IF(K==6.OR.K==1)THEN                                                           

                                          CALL APAGE(1)                                                                  

                                          WRITE(KW(1),1064)ISA,NBSA(ISA),IYR,IY                                          

                                          WRITE(KW(1),'(T48,A)')'PESTICIDE SIMULATION(g/ha)'                             

                                      END IF                                                                         

                                      WRITE(KW(1),'(T35,A,A16,A)')'-------------------------',&

                                      PSTN(K),'-------------------------'                                                      

                                      DO L=1,7                                                                       

                                          WRITE(KW(1),145)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),&

                                          SMYP(L,K,IDOA(ISA)),HEDP(L)                                                                        

                                      END DO                                                                         

                                      DO L=8,9                                                                       

                                          WRITE(KW(1),148)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),HEDP(L)                       

                                      END DO

                                      DO L=10,13                                                                         

                                          WRITE(KW(1),145)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),&

                                          SMYP(L,K,IDOA(ISA)),HEDP(L)

                                      END DO                                                                       

                                  END DO

                              END IF    

                              CALL APAGE(1)                                                                  

                              WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY

                              IPG=NKA                                                                             

                              IF(NKA>0)THEN

                                  ! PRINTOUT MONTHLY

                                  DO J=1,NKA                                                                     

                                      K=KA(J)                                                                        

                                      WRITE(KW(1),1130)HED(K),(SMMUA(K,I,ISA),I=1,12),SMYUA(K,ISA),HED(K)                

                                  END DO

                              END IF

                              IF(IPG==50)THEN

                                  CALL APAGE(1)                                                                  

                                  WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY                                          

                                  IPG=1                                                                          

                              END IF          

                              IF(NKS>0)THEN

                                  ! PRINTOUT STATE VARIABLES

                                  DO J=1,NKS                                                                     

                                      K=KS(J)                                                                        

                                      WRITE(KW(1),1000)HEDS(K),(STV(K,I,ISA),I=1,12),HEDS(K)                         

                                      IPG=IPG+1                                                                      

                                      IF(IPG<50)CYCLE                                                                

                                      IF(J==NKS)CYCLE                                                                

                                      CALL APAGE(1)                                                                  

                                      IPG=1                                                                          

                                  END DO                                                                         

                              END IF          

                              IF(NJC>0)THEN

                                  ! PRINTOUT CONCENTRATION VARIABLES

                                  DO J=1,NJC                                                                     

                                      K=JC(J)                                                                        

                                      WRITE(KW(1),1130)HED(K),(SMMUA(K,I,ISA),I=1,12),SMYUA(K,ISA),HED(K)                

                                      IPG=IPG+1                                                                      

                                      IF(IPG<50)CYCLE                                                                

                                      CALL APAGE(1)                                                                  

                                      IPG=1                                                                          

                                  END DO                                                                         

                              END IF                                                                      

                          ELSE

                              IF(IPD>0)THEN

                                  ! PRINTOUT ANNUAL                                                                

                                  WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,IY                                          

                                  WRITE(KW(1),1010)IYR,(HED(KA(K)),SMYUA(KA(K),ISA),K=1,NKA)                       

                                  WRITE(KW(1),1011)(HED(JC(K)),SMY(JC(K),ISA),K=1,NJC)

                              END IF    

                          END IF

                          IF(IPD==2.OR.IPD==4.OR.IPD==5.OR.IPD==8.AND.KFL(1)>0)THEN

                              WRITE(KW(1),'(T5,A)')'SOIL DATA'                                               

                              CALL SOLIOP                                                                    

                              CALL SOLIOC

                          END IF    

                      END IF    

                      IF(KFL(7)>0)THEN

                          DO J=1,NKA                                                                     

                              K=KA(J)                                                                        

                              WRITE(KW(7),1081)ISA,NBSA(ISA),IYR,IY,HED(K),(SMMUA(K,I,ISA),&

                              I=1,12),SMYUA(K,ISA),HED(K)                                                             

                          END DO                                                                         

                          DO J=1,NKS                                                                     

                              K=KS(J)                                                                        

                              WRITE(KW(7),1084)ISA,NBSA(ISA),IYR,IY,HEDS(K),(STV(K,I,ISA),&

                              I=1,12),HEDS(K)                                                                      

                          END DO

                      END IF          

                      ZTX(1)=ZTX(1)+SMY(11,ISA) * WSA(ISA) !areal weighting for AET in mm. this is divided by the watershed area (RWSX) later in BSIM

                      ZTX(2)=ZTX(2)+SMY(16,ISA)

	                    ZTX(3)=ZTX(3)+SMY(76,ISA)

                      ZTX(4)=ZTX(4)+SMY(18,ISA)

	                    ZTX(5)=ZTX(5)+SMY(40,ISA)

	                    ZTX(6)=ZTX(6)+SMY(42,ISA)

	                    ZTX(7)=ZTX(7)+SMY(43,ISA)

	                    ZTX(8)=ZTX(8)+SMY(46,ISA)

	                    ZTX(10)=ZTX(10)+SMY(51,ISA)

	                    ZTX(11)=ZTX(11)+SMY(53,ISA)

	                    ZTX(12)=ZTX(12)+SMY(54,ISA)

	                    ZTX(13)=ZTX(13)+SMY(55,ISA)

	                    ZTX(14)=ZTX(14)+SMY(56,ISA)

	                    ZTX(15)=ZTX(15)+SMY(57,ISA)

	                    ZTX(16)=ZTX(16)+SMY(36,ISA)

	                    ZTX(17)=ZTX(17)+SMY(134,ISA)

	                    ZTX(18)=ZTX(18)+SMY(135,ISA)

	                    ZTX(19)=ZTX(19)+SMY(136,ISA)

	                    ZTX(20)=ZTX(20)+SMY(4,ISA)*RFNC

	                    ZTX(31)=ZTX(31)+SMY(17,ISA) 

	                    ZTX(36)=ZTX(36)+SMY(144,ISA)                                                          

	                    ZTX(37)=ZTX(37)+SMY(145,ISA)

                      XX=NPSF(ISA)                                                                  

                      TPSF(ISA)=TPSF(ISA)/(XX+1.E-10)

                      PSTM(ISA)=PSTM(ISA)+PSTF(ISA)   

                      DO K=1,NN

                          IF((K==1.OR.K==6).AND.KFL(1)>0)THEN

                              IF(IPD>0)THEN

                                  CALL APAGE(1)                                                                  

                                  WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY

                              END IF

                          END IF                              

                          J=LY(IRO(ISA),K,ISA)                                                           

                          IYH(J,ISA)=IYH(J,ISA)+1                                                        

                          IF((IPD>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)THEN

                              ! PRINTOUT CROP MONTHLY                                                          

                              DO I=1,17                                                                      

                                  WRITE(KW(1),1000)HEDC(I),(SMMC(I,J,K1,ISA),K1=1,12),HEDC(I)                                                   

                              END DO

                              WRITE(KW(1),1120)'STRS',(KDT(I,J,ISA),I=1,12),'STRS'                          

                          END IF    

                          DO I=1,7                                                                       

                              TSFC(I,J,ISA)=TSFC(I,J,ISA)+SFCP(I,J,ISA)                                      

                          END DO                                                                         

                          IF(ETG(J,ISA)<1.E-5)THEN                                                       

                              ETG(J,ISA)=ACET(J,ISA)                                                         

                              ACET(J,ISA)=0.                                                                 

                          END IF                                                                         

                          VAL1=YLD1(J,ISA)*PRYG(J)                                                       

                          VAL2=YLD2(J,ISA)*PRYF(J)                                                       

                          IF(CAW(J,ISA)>0.)THEN

                              TCAW(J,ISA)=TCAW(J,ISA)+CAW(J,ISA)

                          ELSE    

                              CAW(J,ISA)=AWC(J,ISA)                                                          

                              AWC(J,ISA)=0.                                                                  

                              IF(IDC(J)/=NDC(1).AND.IDC(J)/=NDC(2).AND.IDC(J)/=NDC(4)&

                              .AND.IDC(J)/=NDC(5).AND.IDC(J)/=NDC(9))THEN

                                  JP(J,ISA)=0                                                                    

                                  VIRT(ISA)=0.

                                  TCAW(J,ISA)=TCAW(J,ISA)+CAW(J,ISA)                                             

                              END IF                                                                       

                          END IF    

                          VALF1(ISA)=VALF1(ISA)+VAL1+VAL2

                          IF(ETG(J,ISA)>0.)THEN                                                

                              XX=1000.*YLD1(J,ISA)/ETG(J,ISA)

                          ELSE

                              XX=0.

                          END IF                                       

                          IF(IY==IPY)THEN

                              IF(CSTF(J,ISA)<1.E-10)THEN

                                  CSTF(J,ISA)=COST(ISA)                                                          

                                  COST(ISA)=0.

                              END IF                                                                   

                        !     PRINTOUT CROP ANNUAL                                                           

                              IF((IPD>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)THEN

                                  IF(IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.IDC(J)==NDC(10))THEN

                                      X1=.0001*PPL0(J,ISA)

                                  ELSE

                                      X1=PPL0(J,ISA)

                                  END IF

                                  IF(IPF==0)CALL PESTF

                                  X2=PSTF(ISA)

                                  WRITE(KW(1),106)CPNM(J),YLD1(J,ISA),YLD2(J,ISA),&

                                  DMF(J,ISA),YLNF(J,ISA),YLPF(J,ISA),YLKF(J,ISA),&

                                  FRTN(J,ISA),FRTP(J,ISA),FRTK(J,ISA),VIR(J,ISA),&

                                  CAW(J,ISA),XX,X1,X2,CSTF(J,ISA),VAL1,VAL2,&

                                  EK(ISA),WK(ISA),THK(ISA)

                                  WRITE(KW(1),1020)(SFCP(I,J,ISA),I=1,7)

                              END IF

                          END IF                                         

                          IF(KFL(24)>0)THEN

                              X2=.001*ZOC(ISA)

                              X3=MAX(DMF(J,ISA),DM(J,ISA))

                              WRITE(KW(24),98)ISA,NBSA(ISA),IYR,IY,CPNM(J),YLD1(J,ISA),&

                              YLD2(J,ISA),X3,(SFCP(I,J,ISA),I=1,7),ZNO3(ISA),&               

                              ZPML(ISA),PDPLC(ISA),X2,OCPD(ISA),RSD(LD1,ISA),ARSD(ISA),&

                              VIR(J,ISA),FRTN(J,ISA),FRTP(J,ISA),SMYUA(54,ISA),SMYUA(55,ISA),&

                              SMYUA(53,ISA),SMYUA(57,ISA),SMYUA(56,ISA),SMYUA(144,ISA),SMYUA(145,ISA)

                          END IF                         

                          TDM(J,ISA)=TDM(J,ISA)+DMF(J,ISA)                                               

                          TYL1(J,ISA)=TYL1(J,ISA)+YLD1(J,ISA)                                            

                          TYL2(J,ISA)=TYL2(J,ISA)+YLD2(J,ISA)                                            

                          TYLN(J,ISA)=TYLN(J,ISA)+YLNF(J,ISA)                                            

                          TYLP(J,ISA)=TYLP(J,ISA)+YLPF(J,ISA)

                          TYLK(J,ISA)=TYLK(J,ISA)+YLKF(J,ISA)

                          TFTN(J,ISA)=TFTN(J,ISA)+FRTN(J,ISA)

                          TFTP(J,ISA)=TFTP(J,ISA)+FRTP(J,ISA)

                          TFTK(J,ISA)=TFTK(J,ISA)+FRTK(J,ISA)

                          TVIR(J,ISA)=TVIR(J,ISA)+VIR(J,ISA)

                          X1=YLD1(J,ISA)+YLD2(J,ISA)

                          IF(X1>0..OR.IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.&

                          IDC(J)==NDC(10))THEN                                            

                              TCPA(J)=TCPA(J)+WSAX

                              IF(IDC(J)==9)X1=YLD1(J,ISA)

                              TCPY(J)=TCPY(J)+WSAX*X1

                          END IF

                          ZTX(21)=ZTX(21)+YLNF(J,ISA)*WSAX

                          ZTX(22)=ZTX(22)+YLPF(J,ISA)*WSAX

                          IF(YLNF(J,ISA)>0.)THEN                                                         

                              NYLN(J,ISA)=NYLN(J,ISA)+1                                                      

	                          XX=NYLN(J,ISA)                                                                      

                              X1=XX+1.                                                                       

                              ! UNA(J,ISA)=(UNA(J,ISA)+PRMT(28)*TYLN(J,ISA))/XX                                

                              UNA(J,ISA)=(UNA(J,ISA)*XX+1000.*DMF(J,ISA)*BN(3,J))/X1                         

                          END IF                                                                         

                          TRD(J,ISA)=TRD(J,ISA)+RDF(J,ISA)                                               

                          THU(J,ISA)=THU(J,ISA)+HUF(J,ISA)                                               

                          TETG(J,ISA)=TETG(J,ISA)+ETG(J,ISA)                                             

                          CST1(ISA)=CST1(ISA)+CSTF(J,ISA)                                                

                          YLNF(J,ISA)=0.                                                                 

                          YLPF(J,ISA)=0.

                          YLKF(J,ISA)=0.                                                                 

                          DMF(J,ISA)=0.

                          FRTN(J,ISA)=0.

                          FRTP(J,ISA)=0.

                          FRTK(J,ISA)=0.                                                                  

                          VIR(J,ISA)=0.                                                                  

                          CAW(J,ISA)=0.                                                                  

                          RDF(J,ISA)=0.                                                                  

                          HUF(J,ISA)=0.                                                                  

                          CSTF(J,ISA)=0.                                                                 

                          ETG(J,ISA)=0.                                                                  

                          IF(IDC(J)/=NDC(2).AND.IDC(J)/=NDC(5))DM1(J,ISA)=0.                             

                      END DO                                                                         

                      IF(KFL(4)>0)WRITE(KW(4),99)ISA,NBSA(ISA),IYR,IY,(SMYUA(KY(J1),&                  

                      ISA),J1=1,NKY)                                                                 

                      DO I=1,12                                                                      

                          XTX(I)=XTX(I)+SMM(4,I,ISA)                                                     

                      END DO                                                                         

                      XTX(13)=XTX(13)+SMY(4,ISA)

                      IF(ISA==1)THEN

                          ZTX(29)=SMYUA(31,1)

                          ZTX(30)=BTCX(1)/WSA(1)    ! ZTX(30)=BTCX(1) original statement modified to correct unit in AWP - Luca Doro 2023-04

                      END IF

                      BTCX(ISA)=ZOC(ISA)

                      RSVF(ISA)=RSV(ISA)                                                             

                      ARSD(ISA)=0.                                                                   

                      RSYF(ISA)=STV(14,12,ISA)                                                       

                      DO K=1,NKS                                                                     

                          DO I=1,12                                                                    

                              STV(K,I,ISA)=0.                                                              

                          END DO                                                                       

                      END DO                                                                         

                      KT(ISA)=1                                                                      

                      KP1(ISA)=1                                                                     

                      KC(ISA)=0                                                                      

                      NDFA(ISA)=0                                                                    

                      IF(NDP>0)THEN

                          DO K=1,NDP

                              TLHP(K)=TLHP(K)+SMYP(3,K,IDOA(ISA))*WSAX

		                      TSSP(K)=TSSP(K)+SMYP(4,K,IDOA(ISA))*WSAX

		                      TDSP(K)=TDSP(K)+SMYP(7,K,IDOA(ISA))*WSAX

		                      TDFP(K)=TDFP(K)+SMYP(6,K,IDOA(ISA))*WSAX

		                      TDRP(K)=TDRP(K)+SMYP(10,K,IDOA(ISA))*WSAX

		                      TRFP(K)=TRFP(K)+SMYP(11,K,IDOA(ISA))*WSAX                                                                                                                                          

                              DO K1=1,13                                                                    

                                  SMYP(K1,K,IDOA(ISA))=0.                                                            

                                  DO I=1,12                                                                

                                      SMMP(K1,K,I,IDOA(ISA))=0.                                                      

                                  END DO                                                                   

                              END DO                                                                       

                          END DO

                      END IF                                                                                   

                  END DO !SA LOOP                                                                       

                  MO1=MO

                  ! CALL NCONT X                                                                    

                  IF(MO1==12)EXIT

              END DO ! MONTHLY LOOP

          END DO ! DAILY LOOP                                                                

          IF(NDP>0)THEN

              D15=SRCH(15,NCMD)-D150

	          TPRK=TPRK/RWSX

	          DO K=1,NDP

		          TLHP(K)=TLHP(K)/RWSX

		          TSSP(K)=TSSP(K)/RWSX

		          TDSP(K)=TDSP(K)/RWSX

  		          TDFP(K)=TDFP(K)/RWSX

		          TDRP(K)=TDRP(K)/RWSX

		          TRFP(K)=TRFP(K)/RWSX

              END DO

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),18)                                                                

                  WRITE(KW(1),1062)IYR,IY                                                        

              END IF    

              DO K=1,NDP                                                                  

                  SUM=0.                                                                         

                  DO I=1,12                                                                    

                      SMMRP(5,K,I)=SMMRP(5,K,I)/RWSX                                         

                      SUM=SUM+SMMRP(5,K,I)                                                         

                      SMRP(5,K,I)=SMRP(5,K,I)+SMMRP(5,K,I)                                         

                  END DO

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3)PSTN(K)                                                          

                      WRITE(KW(1),2)HEDP(1),(SMMRP(5,K,I),I=1,12),SUM,HEDP(1)                        

                  END IF    

                  DO I=1,12                                                                    

                      SMMRP(5,K,I)=0.                                                              

                  END DO

                  I1=0

                  ZTX(31)=ZTX(31)/RWSX

                  IF(KFL(27)>0)THEN

                      X1=SMYRP(3,K)

                      IF(K==1)THEN

	                      WRITE(KW(27),537)I1,I1,IYR,IY,SMYR(9),D15,TPRK,&

	                      ZTX(31),SMYR(11),TAC,PSTN(1),SUM,X1,TLHP(K),&

	                      TSSP(K),SMYRP(4,1),TDFP(K),TDSP(K),TDRP(K),TRFP(K)

                      ELSE

       	                  WRITE(KW(27),538)PSTN(K),SUM,X1,TLHP(K),TSSP(K),&

       	                  SMYRP(4,K),TDFP(K),TDSP(K),TDRP(K),TRFP(K)

                      END IF

                  END IF

                  TAC=0.                                                                       

                  DO J=1,2                                                                     

                      J1=J+2                                                                       

                      SMYRP(J,K)=SMYRP(J,K)/RWSX                                             

                      DO I=1,12                                                                

                          SMMRP(J,K,I)=SMMRP(J,K,I)/RWSX                                      

                          SMRP(J,K,I)=SMRP(J,K,I)+SMMRP(J,K,I)                                     

                          SMRP(J1,K,I)=SMRP(J1,K,I)+SMMRP(J1,K,I)                                  

                      END DO

                      IF(KFL(1)>0)THEN

                          WRITE(KW(1),2)HDRP(J),(SMMRP(J,K,I),I=1,12),SMYRP(J,K),HDRP(J)                 

                          WRITE(KW(1),2)HDRP(J1),(SMMRP(J1,K,I),I=1,12),SMYRP(J1,K),HDRP(J1)             

                      END IF    

                      SMYRP(J,K)=0.                                                                  

                      SMYRP(J1,K)=0.                                                                 

                  END DO

              END DO              

              D150=SRCH(15,NCMD)

          END IF              

          CALL APAGE(0)

          DO I=1,28    

              ZTX(I)=ZTX(I)/RWSX

          END DO

          DO I=32,35    ! DO I=32,37 replaced to fix error in YTHS and YWTH in AWP output file - Luca Doro 2023-04

              ZTX(I)=ZTX(I)/RWSX

          END DO

          DO I=1,13

              XTX(I)=.1*XTX(I)/RWSX

          END DO

          DO J=1,20 

              IF(J<3.OR.J==11.OR.J==12)THEN

                  X1=.1

              ELSE

                  X1=1.

              END IF    

              SMYR(J)=X1*SMYR(J)/RWSX                                                     

          END DO

          YTP(1)=SRCH(15,NCMD)-YTP(1)

          YTP(2)=SRCH(16,NCMD)-YTP(2)

          YTP(3)=SRCH(19,NCMD)-YTP(3)

          YTP(4)=SRCH(20,NCMD)-YTP(4)

          YTP(5)=SRCH(17,NCMD)-YTP(5)

          YTP(6)=SRCH(21,NCMD)-YTP(6)

          YTP(7)=SRCH(18,NCMD)-YTP(7)

          YTP(8)=SRCH(22,NCMD)-YTP(8)

          YTP(9)=SRCH(25,NCMD)-YTP(9)

          YTP(10)=SRCH(11,NCMD)-YTP(10)

          YTP(11)=SRCH(27,NCMD)-YTP(11)

          IF(KFL(8)>0)WRITE(KW(8),936)IYR,XTX(13),ZTX(1),SMYR(1),YTP(1),&

          YTP(2),YTP(3),YTP(4),ZTX(2),ZTX(4),SMYR(2),SMYR(13),ZTX(16),&

          YTP(10)/RWSX,YTP(5)/RWSX,YTP(6)/RWSX,YTP(7)/RWSX,SMYR(14),ZTX(17),&    ! YTP(10), YTP(5), YTP(6), and YTP(7) divided by RWSX to output kg/ha - Luca Doro 2023-04

          YTP(8),ZTX(5),ZTX(6),ZTX(8),ZTX(7),ZTX(11),ZTX(12),ZTX(13),SMYR(17),&

          SMYR(15),ZTX(18),ZTX(10),ZTX(14),ZTX(15),ZTX(3),YTP(9),(ZTX(I),I=19,28),&

          ZTX(32),ZTX(33),ZTX(34),ZTX(35),ZTX(30),ZOC(1),ZTX(29),ZTX(36),&

          ZTX(37),YTP(11)

          YTP(1)=SRCH(15,NCMD)

          YTP(2)=SRCH(16,NCMD)

          YTP(3)=SRCH(19,NCMD)

          YTP(4)=SRCH(20,NCMD)

          YTP(5)=SRCH(17,NCMD)

          YTP(6)=SRCH(21,NCMD)

          YTP(7)=SRCH(18,NCMD)

          YTP(8)=SRCH(22,NCMD)

          YTP(9)=SRCH(25,NCMD)

          YTP(10)=SRCH(11,NCMD)

          YTP(11)=SRCH(27,NCMD)

          IF(IPD>0)CALL APAGE(0)

          DO J=1,10                                                                   

              J1=J+10                                                                        

              DO I=1,12

                  IF(J<3)THEN

                      X1=.1

                  ELSE

                      X1=1.

                  END IF    

                  SMR(J1,I)=SMR(J1,I)+SMMR(J1,I)                                                 

                  SMR(J,I)=SMR(J,I)+SMMR(J,I)                                                    

                  SMMR(J,I)=X1*SMMR(J,I)/RWSX                                                 

                  SMMR(J1,I)=X1*SMMR(J1,I)/RWSX                                                 

              END DO

          END DO

          IF(KFL(28)>0)THEN

              DO I=1,12                                                                      

	              CY=.1*SMMR(13,I)/(SMMR(11,I)+.1)

	              X3=MIN(.95,DRSW*PRMT(63))                                                               

                  X4=MIN(.95,DRSW*PRMT(75))                                                               

	              ZTZ(1)=SMMR(12,I)                                                                   

	              ZTZ(2)=SMMR(13,I)*DRSW                                                              

                  ZTZ(3)=SMMR(14,I)*X3                                                           

                  ZTZ(4)=SMMR(15,I)*X4                                                           

                  ZTZ(5)=SMMR(16,I)                                                              

                  ZTZ(6)=SMMR(17,I)

                  DO K=1,NDP

                      SMMRP(4,K,I)=X4*SMMRP(4,K,I)

                  END DO                                                              

  	              WRITE(KW(28),895)IYR,I,(ZTZ(J),J=1,6),(SMMRP(3,K,I),&

  	              SMMRP(4,K,I),K=1,NDP)

  	              DO K=1,6

  	                  SMSW(K)=SMSW(K)+ZTZ(K)

  	              END DO

  	          END DO                                                                         

          END IF

          DO IDO=1,NCMD	                                                                      

              DO K=1,NSH                                                                 

                  DO MO=1,12                                                                   

                      IF(K==7)CYCLE                                                                

		              SMYH(K,IDO)=SMYH(K,IDO)+SMMH(K,MO,IDO)                                             

		              SMH(K,IDO)=SMH(K,IDO)+SMMH(K,MO,IDO)                                               

                  END DO

              END DO 

          END DO

          SMMRP=0.

          AVRF=0.                                                                        

          IF(KFL(35)>0.OR.KFL(38)>0.OR.KFL(39)>0)THEN

              NTX=0                                                                          

              DO IDO=1,NCMD	                                                                      

	              DO MO=1,12                                                                          

		              SMMH(7,MO,IDO)=1.E5*SMMH(6,MO,IDO)/(SMMH(2,MO,IDO)*RWSA&

		              (IDO)+1.E-10)                                                                       

	              END DO                                                                         

                  DO K=1,NSH                                                                 

                      DO MO=1,12                                                                   

                          IF(K==7)CYCLE                                                                

		                  IF(K<5.OR.K>32)THEN                                                                

                              N2=NC(MO+1)                                                                  

                              IF(MO==2)N2=N2-NYD                                                           

		                      XM=N2-NC(MO)                                                                       

		                      SMMH(K,MO,IDO)=SMMH(K,MO,IDO)/XM                                 

		                  END IF                                                                             

		              END DO

		          END DO                                                                           

                  SMYH(7,IDO)=1.E5*SMYH(6,IDO)/(SMYH(2,IDO)*RWSA(IDO)+1.E-10)                    

		          DO K=1,NSH                                                                         

		              IF(K<5.OR.K>32)THEN                                                                

		                  X1=366-NYD                                                                         

		                  SMYH(K,IDO)=SMYH(K,IDO)/X1                                       

		              END IF                                                                             

		          END DO                                                                             

              END DO                                                                         

	          IF(KFL(35)>0.AND.IPD<3)THEN                                                                       

	              DO I=1,MSA                                                                          

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)                                                                         

	                  IF(IEXT(I2)>0)THEN

	                      II=IDOA(I2)

	                      X2=WSA(I2)

	                      I3=II

	                  ELSE

	                      II=IDOA(I2)-1

	                      X2=RWSA(II)+WSA(I2)

	                      I3=II+2

	                  END IF                                                                      

                      IF(NTX(II)>0)CYCLE                                                             

                      WRITE(KW(35),472)I1,II,IYR,X2,SMYH(1,II),SMYH(2,I3),SMYH&                

                      (33,II),SMYH(35,I3),(SMYH(K,II),K=3,NSH-3)

                      !,(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)                                                            

	                  NTX(II)=1                                                                           

	              END DO                                                                              

	          END IF  

              IF(KFL(39)>0)THEN

	              DO MO=1,12

	                  DO I=1,NCMO

	                      II=ICMO(I)

	                      WRITE(KW(39),472)II,IYR,MO,RWSA(II),SMMH(1,MO,II),&

	                      SMMH(2,MO,II),SMMH(33,MO,II),SMMH(34,MO,II),&

	                      (SMMH(K,MO,II),K=3,NSH-2)

	                  END DO

	              END DO

	          END IF            

              IF(IPD>2.AND.IPD<6)THEN                                                             

	              DO MO=1,12                                                                          

                      NTX=0                                                                          

                      DO I=1,MSA                                                                         

	                      I1=NBSA(IBSA(I))                                                                   

	                      I2=NISA(I1)

	                      IF(IEXT(I2)>0)THEN

	                          II=IDOA(I2)

	                          X2=WSA(I2)

	                          I3=II

	                      ELSE

	                          II=IDOA(I2)-1

	                          X2=RWSA(II)+WSA(I2)

	                          I3=II+2

	                      END IF                                                                     

	                      IF(NTX(II)>0)CYCLE                                                                 

	                      WRITE(KW(35),472)I1,IYR,MO,X2,SMMH(1,MO,II),SMMH(2,MO,I3),&

	                      SMMH(33,MO,II),SMMH(35,MO,I3),(SMMH(K,MO,II),K=3,NSH-3)

	                      !,&(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)                               

	                      NTX(II)=1                                                                          

	                  END DO                                                                             

	              END DO                                                                              

	          END IF                                                                              

          END IF	                                                                                   

          SMMH=0.                                                                             

	      SMYH=0.

          IF(KFL(34)>0)THEN

              IF(IPD>2.AND.IPD<6)THEN                                                        

	              DO MO=1,12                                                                          

	                  DO I=1,MSA                                                                         

	                      I1=NBSA(IBSA(I))                                                                   

	                      I2=NISA(I1)                                                                        

	                      II=IDOA(I2)

	                      X1=.001*ZOC(I2)

                          WRITE(KW(34),471)I1,IYR,MO,WSA(I2),SMMUA(4,MO,I2),&

                          SMMUA(5,MO,I2),SMMUA(6,MO,I2),SMMUA(18,MO,I2),SMMUA(10,MO,I2),&

                          SMMUA(11,MO,I2),SMMUA(120,MO,I2),SMMUA(16,MO,I2),SMMUA(71,MO,I2),&

                          SMMUA(13,MO,I2),SMMUA(15,MO,I2),SMMUA(72,MO,I2),SMMUA(117,MO,I2),&

                          SMMUA(14,MO,I2),SMMUA(1,MO,I2),SMMUA(2,MO,I2),SMMUA(59,MO,I2),&

                          SMMUA(3,MO,I2),SMMUA(27,MO,I2),SMMUA(31,MO,I2),SMMUA(53,MO,I2),&

                          SMMUA(54,MO,I2),SMMUA(55,MO,I2),SMMUA(56,MO,I2),SMMUA(57,MO,I2),&

                          SMMUA(43,MO,I2),SMMUA(42,MO,I2),SMMUA(37,MO,I2),SMMUA(119,MO,I2),&

                          SMMUA(38,MO,I2),SMMUA(49,MO,I2),SMMUA(118,MO,I2),SMMUA(39,MO,I2),&

                          SMMUA(80,MO,I2),X1,(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ),&

                          (YLD1(LY(IRO(I2),J,I2),I2),YLD2(LY(IRO(I2),J,I2),I2),&

                          (SMMC(K,LY(IRO(I2),J,I2),MO,I2),K=1,17),CPNM&

                          (LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                      END DO                                                                        

                  END DO      	                                                                  

              END IF

              IF(IPD>0.AND.IPD<3)THEN                                                                         

                  DO I=1,MSA                                                                     

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)	                                                                        

	                  II=IDOA(I2)

	                  X1=.001*ZOC(I2)	                                                                        

                      WRITE(KW(34),859)I1,IYR,IGC,WSA(I2),SMYUA(4,I2),SMYUA(5,I2),&

                      SMYUA(6,I2),SMYUA(18,I2),SMYUA(10,I2),SMYUA(11,I2),RZSW(I2),&

                      SMYUA(16,I2),SMYUA(71,I2),SMYUA(13,I2),SMYUA(15,I2),SMYUA(72,I2),&

                      SMYUA(117,I2),SMYUA(14,I2),SMYUA(1,I2),SMYUA(2,I2),SMYUA(59,I2),&

                      SMYUA(3,I2),SMYUA(27,I2),SMYUA(31,I2),SMYUA(53,I2),SMYUA(54,I2),&

                      SMYUA(55,I2),SMYUA(56,I2),SMYUA(57,I2),SMYUA(43,I2),SMYUA(42,I2),&

                      SMYUA(37,I2),SMYUA(119,I2),SMYUA(38,I2),SMYUA(49,I2),SMYUA(118,I2),&

                      SMYUA(39,I2),SMYUA(80,I2),X1,(YLD1(LY(IRO(I2),J,I2),I2),YLD2&

                      (LY(IRO(I2),J,I2),I2),(SFCP(K,J,I2),K=1,7),&

                      CPNM(LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                  END DO

              END IF

          END IF

          SMM=0.

          SMMUA=0.

          SMMC=0.                                                                        

          SMY=0.  

          SMYUA=0.

          YLD1=0.                                                                        

          YLD2=0. 

          SFCP=0.

          NPSF=0                                                                

          TPSF=0. 

          IF(KFL(1)>0)THEN

              WRITE(KW(1),18)                                                                

              WRITE(KW(1),1062)IYR,IY                                                        

              WRITE(KW(1),1130)HED(4),(XTX(I),I=1,13),HED(4)                                 

          END IF    

          IF(KFL(15)>0)WRITE(KW(15),6)IYR,(XTX(I),I=1,13)

          IF(KFL(17)>0)WRITE(KW(17),4083)IYR,XTX(13),(SMYR(J),SMYR(J+10),&               

          J=1,10)                                                                        

          DO J=1,10                                                                   

              J1=J+10                                                                        

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),1130)HEDR(J),(SMMR(J,I),I=1,12),SMYR(J),HEDR(J)                    

                  WRITE(KW(1),1130)HEDR(J1),(SMMR(J1,I),I=1,12),SMYR(J1),HEDR(J1)                

              END IF    

              IF(KFL(15)>0)WRITE(KW(15),1130)HEDR(J1),(SMMR(J1,I),I=1,12),&                  

              SMYR(J1),HEDR(J1)                                                              

              SMYR(J)=0.                                                                     

              SMYR(J1)=0.                                                                    

              DO I=1,12                                                                      

                  SMMR(J,I)=0.                                                                   

                  SMMR(J1,I)=0.                                                                  

              END DO

          END DO                                                                         

          DO I=1,12                                                                      

              SMR(21,I)=SMR(21,I)+SMMR(21,I)                                                 

              SMMR(21,I)=0.                                                                  

          END DO                                                                         

	      SMYR(21)=0.                                                                         

          TMAF=TMAF+TMAP                                                                 

          TMAP=0.                                                                        

          IBD=1                                                                          

          MO=1                                                                           

          IYR=IYR+1                                                                      

          DO IOW=1,NBON                                                                  

	          IF(NHRD(IOW)==0)CYCLE                                                               

              DO IHD=1,NHRD(IOW)                                                             

	              IF(NYHO(IHD,IOW)==0)CYCLE                                                           

	              IYHO(IHD,IOW)=IYHO(IHD,IOW)+1                                                       

	              IF(IYHO(IHD,IOW)>NYHO(IHD,IOW))IYHO(IHD,IOW)=1                                      

	          END DO                                                                              

	      END DO                                                                              

  	      IYX=IYX+1                                                                         

          NYD=1                                                                          

          IPY=IPY+IIP 

          IF(ISW<2.OR.ISW==4.OR.ISW==6)THEN                                                                      

	          DO ISA=1,MSA                                                                    

                  XX=0.                                                                          

                  DO I=1,NBSL(ISA)                                                             

                      J=LID(I,ISA)                                                                 

                      X1=1000.*(Z(J,ISA)-XX)                                                       

                      Y1=.1*WOC(J,ISA)/WT(J,ISA)

                      SELECT CASE(ISW)

                          CASE(0,1)

                              CALL SWRTNR(CLA(J,ISA),SAN(J,ISA),Y1,X2,X3)

                          CASE(4)    

                              CALL SWNN(CLA(J,ISA),SAN(J,ISA),Y1,X2,X3)

                          CASE(6)

                              CALL SWRTN_BNW(CLA(J,ISA),SAN(J,ISA),Y1,BD(J,ISA),X2,X3)

                      END SELECT

                      XY=1.-ROK(J,ISA)*.01                                                         

                      S15(J,ISA)=X2*X1*XY                                                          

                      FC(J,ISA)=X3*X1*XY                                                           

                      CALL SPOFC(J)                                                                

                      XX=Z(J,ISA)                                                                  

                  END DO 

              END DO                                                                      

          END IF                                                                         

          CALL ALPYR(IYR,NYD,LPYR)                                                       



          !End-of-year update for Richards parameters J Jeong 2017 

          IF(IPRK>1)THEN

	          DO ISA=1,MSA                                                                    

                  XX=0.

                  DO I=1,NBSL(ISA)

                      J=LID(I,ISA)

                      X1=1000.*(Z(J,ISA)-XX)

                      CALL FREPARM(CLA(J,ISA), .1*WOC(J,ISA)/WT(J,ISA),SAN(J,ISA),BD(J,ISA),S15(J,ISA)/X1,FC(J,ISA)/X1,PO(J,ISA)/X1,VGA(J,ISA),vgN(J,ISA),vgSat(J,ISA),vgRes(J,ISA),.1*WOC(LID(1,ISA),ISA)/WT(LID(1,ISA),ISA))

                      XX=Z(J,ISA) 

                  END DO

              END DO

          END IF

          IF(ISTA==0)CYCLE                                                           

          DO ISA=1,MSA                                                                   

              DO L=1,NBSL(ISA)                                                             

                  WHSC(L,ISA)=SOL(1,L,ISA)                                                              

                  WHPC(L,ISA)=SOL(2,L,ISA)                                                         

                  WLSC(L,ISA)=SOL(3,L,ISA)                                                         

                  WLMC(L,ISA)=SOL(4,L,ISA)                                                         

                  WBMC(L,ISA)=SOL(5,L,ISA)                                                         

                  WOC(L,ISA)=SOL(6,L,ISA)                                                          

                  WHSN(L,ISA)=SOL(7,L,ISA)                                                         

                  WHPN(L,ISA)=SOL(8,L,ISA)                                                         

                  WLSN(L,ISA)=SOL(9,L,ISA)                                                         

                  WLMN(L,ISA)=SOL(10,L,ISA)                                                        

                  WBMN(L,ISA)=SOL(11,L,ISA)                                                        

	              WON(L,ISA)=SOL(12,L,ISA)                                                              

	              WPMA(L,ISA)=SOL(13,L,ISA)                                                              

                  WPMS(L,ISA)=SOL(14,L,ISA)                                                          

                  WPO(L,ISA)=SOL(15,L,ISA)                                                          

                  ! SWST(L,ISA)=SOL(18,L,ISA)                                                          

	              WLS(L,ISA)=SOL(19,L,ISA)                                                              

	              WLM(L,ISA)=SOL(20,L,ISA)                                                              

	              WLSL(L,ISA)=SOL(21,L,ISA)                                                             

                  WLSLC(L,ISA)=SOL(22,L,ISA)                                                       

                  WLSLNC(L,ISA)=SOL(23,L,ISA)

              END DO                                                                       

          END DO 

      END DO ! ANNUAL LOOP   

      L=KND                                                                          

      DO I=1,NWTH                                                                    

          REWIND KRST(I)                                                                   

      END DO                                                                         

                                                               

      IY=NBYR+1                                                                      

      RETURN                                                                         

    2 FORMAT(1X,A4,13E12.4,2X,A4)                                                    

    3 FORMAT(6X,A8)                                                                  

    6 FORMAT(1X,I4,13E12.4)

    8 FORMAT(5X,'IDO= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',F8.3,' mm',2X,&

      'PEAK RATE= ',E13.5,' m3/s'/10X,'TP= ',F7.2,' h')

   12 FORMAT(5X,A2,2I8,3I4,5F10.2)                                                                    

   18 FORMAT(//1X,'______________ANNUAL WATERSHED TABLE_________________&            

      _'/T10,'SUM OF SUBAREA OUTFLOWS/TOTAL WATERSHED OUTFLOW'/)                     

   26 FORMAT(10X,100F10.2)

   50 FORMAT(/T5,'YEAR ',I4,' OF ',I4,/)                                             

   98 FORMAT(1X,2I8,1X,I4,1X,I4,1X,A4,60F10.2)                                       

   99 FORMAT(1X,2I8,1X,2I4,60E12.4)                                                  

  105 FORMAT(16X,3F8.0)

  106 FORMAT(2X,A4,1X,'YLD=',F5.1,'/',F5.1,2X,'BIOM=',F5.1,'t/ha',2X,&               

      'YLN=',F5.0,2X,'YLP=',F5.0,2X,'YLK=',F5.0,2X,'FN=',F5.0,'kg/ha',&

      2X,'FP=',F5.0,'kg/ha',2X,'FK=',F5.0,'kg/ha'/T7,'IRGA=',F5.0,2X,&

      'CAW=',F5.0,'mm',2X,'WUEF=',F6.2,'kg/mm',2X,'POP=',F9.4,'p/m2',&

      2X,'PSTF=',F5.2/T7,'COST=',F7.0,2X,'RTRN=',F5.0,&

      '/',F5.0,'$/ha',2X,'EK=',F6.3,2X,'WK=',F6.3,2X,'THK=',F5.0,' mm')                                                        

  123 FORMAT(I5,1X,A16,F12.0,3F8.0,F10.0,F8.0)    

  145 FORMAT(1X,A4,13F12.5,2X,A4)                                                    

  148 FORMAT(1X,A4,12F12.5,14X,A4)

  153 FORMAT(1X,2I8,1X,3I4,6X,100E12.4)      

  154 FORMAT(1X,2I8,1X,I4,2I2,100F10.4)

  155 FORMAT(I9,1X,I4,I4,1X,5F10.2,5(A10,11F10.2,2F10.4,2F10.2))  

  471 FORMAT('BIGSUB',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,6F10.4,5(19F10.2,A10))                      

  472 FORMAT('REACH',I6,I9,I6,50E12.4)

  473 FORMAT('REACH',I6,I9,F6.2,50E12.4)      

  537 FORMAT(1X,4I5,6F8.2,1X,A16,11E13.6)

  538 FORMAT(70X,A16,11E13.6) 

  666 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)                   

  667 FORMAT(1X,2I8,1X,I4,2I2,2X,'LIME',12X,I6,6X,'   9',8X,F10.2,10X,&              

      2F10.2)                                                                        

  682 FORMAT(1X,3I4,400E12.5)      

  730 FORMAT(4X,'Y',3X,'M',3X,'D',5X,A4,1X,1000(A7,A2,4X))                                                                         

  731 FORMAT(4X,'Y',3X,'M',3X,'D',8X,'SW15',8X,'SW30',7X,'NO315',7X,&                

      'NO330',7X,'NH315',7X,'NH330',200(8X,A4))                                   

  842 FORMAT(1X,A20,2X,3A20,5I4,44F8.2,10(2X,A4,8F8.2))

  859 FORMAT('BIGSUB',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,60X,6(2F10.2,90X,7F10.2,A10))                              

  892 FORMAT(2X,'BUY/SELL',I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,'SIZE='&            

      ,I8,' HD')                                                                     

  894 FORMAT(1X,3I4,100E12.4)                                                        

  895 FORMAT(1X,I4,1X,I4,1X,100(1X,F10.3))

  900 FORMAT(T30,I4,1X,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)      

  901 FORMAT(2I8,1X,4I4,1X,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)                  

  902 FORMAT(1X,I4,1X,I4,1X,100(1X,E16.6))                                           

  !903 FORMAT(1X,2I8,I5,2I3,1X,4F10.2,12(1X,A16,12F10.4))

  !904 FORMAT(1X,2I8,I5,2I3,41X,1X,A16,12F10.4)                                       

  !909 FORMAT(1X,2I8,1X,I4,2I2,1X,4F8.2,15(3X,A16,3E12.5))                            

  936 FORMAT(5X,I4,100E12.4)     

 1000 FORMAT(1X,A4,12E12.4,14X,A4)                                                   

 1010 FORMAT(//I5,9(2X,A4,F8.2)/(5X,9(2X,A4,F8.2)))                                  

 1011 FORMAT(5X,9(2X,A4,1X,E12.4))                                                       

 1020 FORMAT(T10,'STRESS DAYS(BIOMASS)--  WATER=',F5.1,2X,'N=',F5.1,2X,&

      'P=',F5.1,2X,'K=',F5.1,2X,'TEMP=',F5.1,2X,'AIR=',F5.1,2X,'SALT=',F5.1)                           

 1060 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4/T11,&               

      'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,&               

      'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')                            

 1061 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4)                    

 1062 FORMAT(35X,' YR=',I4,' YR#=',I4/T11,'JAN',9X,'FEB',9X,'MAR',9X,&               

      'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,&               

      'NOV',9X,'DEC',9X,' YR')                                                       

 1064 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4/T14,&               

      'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,&               

      'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')                            

 1070 FORMAT(14X,15F6.0)                                                              

 1081 FORMAT(1X,2I8,1X,2I4,1X,A4,13E13.5,2X,A4)                                      

 1084 FORMAT(1X,2I8,1X,2I4,1X,A4,12E13.5,11X,A4)                                     

 1100 FORMAT(2X,A4,1X,'YLD=',F5.1,'/',F5.1,'t/ha',2X,'BIOM=',F6.2,'t/ha'&            

      ,2X,'WUEF=',F6.2,'t/mm',2X,'YLN=',F5.0,'kg/ha',2X,'YLP=',F5.0,&                

      'kg/ha',2X,'CAW=',F7.0,' mm',2X,'POP=',F9.4,'P/m2'/4X,'COST=',&

      F7.0,'$/ha',2X,'RTRN=',F5.0,'/',F5.0,'$/ha',2X,'IRGA=',F5.0,' mm',&

      2X,'EK=',F5.2,2X,'WK=',F5.2,2X,'THK=',F5.0,' mm')                                  

 1120 FORMAT(1X,A4,12I9,11X,A4)                                                      

 1130 FORMAT(1X,A4,13E12.4,2X,A4)                                                    

 4083 FORMAT(1X,I4,F10.0,20F10.2)                                                    

      END                                                                            








src/BSUB.f90

      SUBROUTINE BSUB(IXP)

!     APEX1501

!     THIS SUBPROGRAM DRIVES THE DAILY SUBAREA SIMULATION.

      USE PARM

      character(len=8):: idate_yr, idate_mo, idate_day,idate_char

      integer:: IYMDW_date

      DIMENSION JGO(MNC)

      IDO=IDOT(ICMD)

      ISA=IDN1T(ICMD)

      IDOA(ISA)=IDO

      NISA(NBSA(ISA))=ISA

	  IDNB(IDO)=NBSA(ISA)

      IOW=IDON(ISA)

      WSAX=WSA(ISA)

      WSAX1=WSAX*10.

      RWSA(IDO)=WSAX

      LNS=LID(NBSL(ISA),ISA)

      LD1=LID(1,ISA)

      NMW(ISA)=NMW(ISA)+1

      DDMP=0.

      SDN=0.

      LRD(ISA)=MIN(LRD(ISA),NBSL(ISA))

      CALL WHLRMX(IDA)                                                                    

      IHRL(MO,ISA)=IHRL(MO,ISA)+1                                                            

      THRL(MO,ISA)=THRL(MO,ISA)+HRLT                                                         

      SRMX(MO,ISA)=SRMX(MO,ISA)+RAMX

      IF(SRAD(IRF(ISA))<1.E-10.OR.SRAD(IRF(ISA))>900..OR.SRAD(IRF(ISA))<-90..OR.KGN(3)==0)THEN

          OBSL(IWI,MO)=RAMX*MAX(.8,.21*SQRT(OBMX(IWI,MO)-OBMN(IWI,MO)))

          CALL WGN

          I=IRF(ISA)

          CALL WSOLRA(I)

      END IF

      IF(IPTS(ISA)>0)THEN

	      I=IPSO(ISA)

          SMM(104,MO,ISA)=SMM(104,MO,ISA)+PSOQ(I)

          SMM(105,MO,ISA)=SMM(105,MO,ISA)+PSON(I)

          VAR(105,ISA)=PSON(I)

          SMM(106,MO,ISA)=SMM(106,MO,ISA)+PSOP(I)

	      PSQX=PSOQ(I)/WSAX1

	      PSYX=PSOY(I)/WSAX

          PONX=PSON(I)/WSAX

          PPPX=PSOP(I)/WSAX

          PS3X=PSO3(I)/WSAX

          PSPX=PSSP(I)/WSAX

          PQPX=PQPS(I)/WSAX

          PYPX=PYPS(I)/WSAX	

          SMM(121,MO,ISA)=SMM(121,MO,ISA)+PSYX

          SMM(137,MO,ISA)=SMM(137,MO,ISA)+PS3X

          SMM(138,MO,ISA)=SMM(138,MO,ISA)+PSPX

          SMM(122,MO,ISA)=SMM(122,MO,ISA)+PQPX

          SMM(123,MO,ISA)=SMM(123,MO,ISA)+PYPX

      END IF

      PCT(1,ISA)=.01*SAN(1,ISA)

      PCT(2,ISA)=.01*SIL(1,ISA)

      PCT(3,ISA)=.01*CLA(1,ISA)

      PCT(4,ISA)=0.

      PCT(5,ISA)=0.

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,ISA)

          PCT(I,IDO)=PCT(I,ISA)

      END DO

      VAR(4,ISA)=0.

      SMM(100,MO,ISA)=SMM(100,MO,ISA)+RFV0(IRF(ISA))

      IF(NGN/=0)RFV(IRF(ISA))=RFV0(IRF(ISA))

      IF(RFV(IRF(ISA))>0.)THEN

          RF1=RFV(IRF(ISA))

          VAR(4,ISA)=RF1

          SDVR(ISA)=SDVR(ISA)+RF1*RF1

	      TSNO(ISA)=0.

          IF(RF1>RMXS(ISA))THEN

              RMXS(ISA)=RF1

              MXSR(ISA)=KDA+100*MO+10000*IY

          END IF

          RF1=RF1*WSAX1

          SRD(MO,ISA)=SRD(MO,ISA)+1.

          SMM(4,MO,ISA)=SMM(4,MO,ISA)+RF1

      END IF

      IF(PADDY_HWEIR(ISA)>0)THEN 

          PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+RFV(IRF(ISA)) !mm

          PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+10.*RFNC*RFV(IRF(ISA)) !minN kg/ha

      ELSE

          VNO3(LD1,ISA)=10.*RFNC*RFV(IRF(ISA))

          RFQN(ISA)=VNO3(LD1,ISA)*WSAX

      ENDIF

      TAGP(ISA)=MAX(.001,TAGP(ISA))

      XRFI(ISA)=MIN(RFV(IRF(ISA)),PRMT(49)*(1.-EXP(-PRMT(50)*SQRT(TAGP&

      (ISA)*SMLA(ISA)))))

      SMM(85,MO,ISA)=SMM(85,MO,ISA)+XRFI(ISA)

      RFV(IRF(ISA))=RFV(IRF(ISA))-XRFI(ISA)

      EI=0.

      AL5=.02083

      IF(RFV(IRF(ISA))>0.)THEN

	      CALL HRFEI

          UPLM=.95

          QMN=.25

          BLM=.05

          R1=ATRI(BLM,QMN,UPLM,8)

          RTP=R1*RFV(IRF(ISA))

          XK1=R1/4.605

          XK2=XK1*(1.-R1)/R1

          DURG=RFV(IRF(ISA))/(REP*(XK1+XK2))

          X1=REP*DURG

          XKP1=XK1*X1

          XKP2=XK2*X1

      END IF

      IF(ORSD(IRF(ISA))>0.)THEN

          RTO=ORSD(IRF(ISA))/RSD(LD1,ISA)

          WLS(LD1,ISA)=RTO*WLS(LD1,ISA)

          WLM(LD1,ISA)=RTO*WLM(LD1,ISA)

          RSD(LD1,ISA)=ORSD(IRF(ISA))

          WLMC(LD1,ISA)=RTO*WLMC(LD1,ISA)

          WLSC(LD1,ISA)=RTO*WLSC(LD1,ISA)

          WLMN(LD1,ISA)=RTO*WLMN(LD1,ISA)

          WLSN(LD1,ISA)=RTO*WLSN(LD1,ISA)

          FOP(LD1,ISA)=RTO*FOP(LD1,ISA)

      END IF            

      CV(ISA)=CV(ISA)+RSD(LD1,ISA)+STDO(ISA)

      CVRS(ISA)=CVRS(ISA)+RSD(LD1,ISA)+STDO(ISA)

      BCV(ISA)=1.

      RCF(ISA)=.9997*RCF(ISA)

      X1=CV(ISA)

      IF(SCLM(5)>0.)X1=MIN(X1,SCLM(5))

      IF(X1<10.)BCV(ISA)=X1/(X1+EXP(SCRP(5,1)-SCRP(5,2)*X1))

      SNOF=0.

      IF(SNO(ISA)>0.)THEN

          SNOF=SNO(ISA)/(SNO(ISA)+EXP(2.303-.2197*SNO(ISA)))

          BCV(ISA)=MAX(SNOF,BCV(ISA))

      END IF

      BCV(ISA)=MIN(BCV(ISA),.95)

      NN1=NTL(IRO(ISA),ISA)

      JT1=LT(IRO(ISA),KT(ISA),ISA)

      YW(IDO)=0.

      ERTO=1.

      ERTP=1.

	  YERO=0.

      IF(ACW>0..AND.SNO(ISA)<10..AND.LUN(ISA)/=35)THEN

          if (wnd_op==0) then

              CALL WNDIR

              CALL EWER(JRT) 

          else

              write(idate_yr,'(i4)') IYR

              !!leading 0 added by Tadesse

              if(MO <10) then

                  write(idate_mo,'(A,i1)')'0', MO

              else

                  write(idate_mo,'(i2)') MO

              end if 

              if (KDA <10) then

                  write(idate_day,'(A,i1)')'0', KDA

              else

                  write(idate_day,'(i2)') KDA

              end if

              idate_char = trim(idate_yr)//trim(idate_mo)//trim(idate_day)   

              read(unit=idate_char,fmt=*)IYMDW_date

              if (IYMDW_date >= lwe_idat) then 

                  call EWER2(JRT)  !Landscape Wind erosion, Jaehak 2020

              end if

          endif

          

          IF(JRT==0)THEN

              YW(IDO)=YW(IDO)*ACW

              SMM(36,MO,ISA)=SMM(36,MO,ISA)+YW(IDO)

              VAR(36,ISA)=YW(IDO)

	          SYW=SYW+YW(IDO)*WSA(ISA)

	          YERO=YERO+YW(IDO)

              VAR(58,ISA)=RRF

              SMM(35,MO,ISA)=SMM(35,MO,ISA)+RGRF

              VAR(35,ISA)=RGRF

          END IF

          IF(YW(IDO)>PRMT(94))SMM(145,MO,ISA)=SMM(145,MO,ISA)+1.

          IF(WB>0.)CALL EWEMHKS(JRT)

          IF(JRT==0)THEN

              YWKS=YWKS*ACW

              SMM(139,MO,ISA)=SMM(139,MO,ISA)+YWKS

          END IF

      END IF

      QN(IDO)=0.

      SMM(7,MO,ISA)=SMM(7,MO,ISA)+U10(IRF(ISA))

      VAR(7,ISA)=U10(IRF(ISA))

      SMM(8,MO,ISA)=SMM(8,MO,ISA)+RHD(IRF(ISA))

      VAR(8,ISA)=RHD(IRF(ISA))

      TX=(TMN(IRF(ISA))+TMX(IRF(ISA)))/2.

      IF(TX>0.)HSM(ISA)=HSM(ISA)+TX

      IF(NAQ>0)CALL DUSTDST

      CALL SOLT

      LD2=LID(2,ISA)

      SMM(59,MO,ISA)=SMM(59,MO,ISA)+STMP(LD2,ISA)

      VAR(59,ISA)=STMP(LD2,ISA)

      YP(IDO)=0.

      YN(IDO)=0.

      YC(IDO)=0.

      QC(IDO)=0.

      YNWN(IDO)=0.

      YPWN(IDO)=0.

      YCWN(IDO)=0.

      YCOU(IDO)=0.

      YPOU(IDO)=0.

      YNOU(IDO)=0.

      QP(IDO)=0.

	  QPU(IDO)=0.

	  PKRZ=0.

	  SMM(1,MO,ISA)=SMM(1,MO,ISA)+TMX(IRF(ISA))

      VAR(1,ISA)=TMX(IRF(ISA))

      SMM(2,MO,ISA)=SMM(2,MO,ISA)+TMN(IRF(ISA))

      VAR(2,ISA)=TMN(IRF(ISA))

      SMM(3,MO,ISA)=SMM(3,MO,ISA)+SRAD(IRF(ISA))

      VAR(3,ISA)=SRAD(IRF(ISA))

      SML=0.

	  SNMN=0.

	  DO J=1,6

          YSD(J,IDO)=0.

      END DO

      YMNU(IDO)=0.

      YMNUX=0.

      CVF(ISA)=0.

      RQRB(IDO)=0.

      QVOL(IDO)=0.

      CPVV=0.

      CPVH(IDO)=0.

      VAR(5,ISA)=0.

      TSNO(ISA)=TSNO(ISA)+1.

      YPM(IDO)=0.

      QAPY=0.

      IF(.5*(TX+STMP(LID(2,ISA),ISA))>0.)THEN

          IF(SNO(ISA)>0..AND.SRAD(IRF(ISA))>10..AND.TMX(IRF(ISA))&

          >0.)CALL HSNOM

          RFV(IRF(ISA))=RFV(IRF(ISA))+SML

          SMM(6,MO,ISA)=SMM(6,MO,ISA)+SML

          VAR(6,ISA)=SML

      ELSE

          DSNO=RFV(IRF(ISA))

          SNO(ISA)=SNO(ISA)+DSNO

          SMM(5,MO,ISA)=SMM(5,MO,ISA)+RFV(IRF(ISA))

          VAR(5,ISA)=RFV(IRF(ISA))

          RFV(IRF(ISA))=0.

      END IF

      IF(BVIR(ISA)>RFV(IRF(ISA)))THEN

          IVR=1  

          RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

	      REPI(ISA)=BVIR(ISA)/24.

	      DUR=24.

          BVIR(ISA)=0.

          REP=MAX(REP,REPI(ISA))  

      ELSE

          IVR=0

      END IF

	  CALL HVOLQ(IVR)

      QMM=QVOL(IDO)/WSAX1

      JCN(ISA)=JCN(ISA)+1

      SMM(14,MO,ISA)=SMM(14,MO,ISA)+CN

      VAR(14,ISA)=CN

      IF(QMM>1.)THEN

          NQRB(IDO)=NQRB(IDO)+1

          PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          PRSD(ISA)=PRSD(ISA)+RQRB(IDO)*RQRB(IDO)

          IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          X1=RQRB(IDO)/(QMM+1.)

          IF(X1>QRQB(ISA))QRQB(ISA)=X1

          QRBQ(ISA)=QRBQ(ISA)+X1

          TCAV(IDO)=TCAV(IDO)+TC(IDO)

          IF(TC(IDO)<TCMX(IDO))THEN

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          ELSE

              TCMX(IDO)=TC(IDO)

          END IF

      END IF

!     COMPUTE SEDIMENT YLD

      IF(PEC(ISA)>0..AND.LUN(ISA)/=35.AND.PADDY_STO(1,ISA)<1.E-10)THEN

          IF(PADDY_HWEIR(ISA)<1.E-10)CALL EYSED(JRT) !Calculate water erosion for non-paddies Jaehak 2016

          IF(JRT==0.OR.YERO>0.)THEN

              YERO=YERO+YSD(NDRV,IDO)/WSAX

              X1=.9*WT(LD1,ISA)

              IF(YERO>X1)THEN

                  RTO=X1/YERO

                  YSD(NDRV,IDO)=YSD(NDRV,IDO)*RTO

                  YW(IDO)=YW(IDO)*RTO

                  YERO=X1

              END IF

              IF(JRT==0)THEN

                  IF(BCOF(ISA)>0.)CALL EBUFSA

                  VARH(6,IDO)=YSD(NDRV,IDO)

                  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

                  VAR(28,ISA)=YSD(6,IDO)

                  SMM(28,MO,ISA)=SMM(28,MO,ISA)+YSD(6,IDO)

                  SMM(29,MO,ISA)=SMM(29,MO,ISA)+YSD(3,IDO)

                  VAR(29,ISA)=YSD(3,IDO)

                  SMM(27,MO,ISA)=SMM(27,MO,ISA)+YSD(4,IDO)

                  VAR(27,ISA)=YSD(4,IDO)

                  SMM(30,MO,ISA)=SMM(30,MO,ISA)+YSD(5,IDO)

                  VAR(30,ISA)=YSD(5,IDO)

                  ERAV(IDO)=ERAV(IDO)+ERTO

                  YMNUX=YMNU(IDO)/WSAX

                  SMM(88,MO,ISA)=SMM(88,MO,ISA)+YMNUX

                  VAR(88,ISA)=YMNUX

                  IF(PADDY_HWEIR(ISA)<1.E-10)THEN

                      CY=1.E5*YSD(NDRV,IDO)/QVOL(IDO)

                      CYAV(ISA)=CYAV(ISA)+CY

                      CYSD(ISA)=CYSD(ISA)+CY*CY

                      IF(CY>CYMX(ISA))CYMX(ISA)=CY

                  END IF    

              END IF

          END IF          

          SMM(26,MO,ISA)=SMM(26,MO,ISA)+YSD(2,IDO)

          VAR(26,ISA)=YSD(2,IDO)

          SMM(31,MO,ISA)=SMM(31,MO,ISA)+YSD(1,IDO)

          VAR(31,ISA)=YSD(1,IDO)

          VAR(25,ISA)=CVF(ISA)

      END IF          

      YEW=MIN(ERTO*YSD(NDRV,IDO)/(WSAX*WT(LD1,ISA)),.9)      

      YEWN=MIN(ERTO*YW(IDO)/WT(LD1,ISA),.9)

      CALL NYON

      SMM(37,MO,ISA)=SMM(37,MO,ISA)+YN(IDO)

      VAR(37,ISA)=YN(IDO)

      SYN(IDO)=SYN(IDO)+YN(IDO)

      VAYN(IDO)=YN(IDO)

      SMM(134,MO,ISA)=SMM(134,MO,ISA)+YNWN(IDO)

      VAR(134,ISA)=YNWN(IDO)

      XX=.0001+EXP(-.1*YW(IDO)-YSD(3,IDO)/WSAX)

      RHTT(ISA)=MAX(.001,RHTT(ISA)*XX)

      DHT(ISA)=MAX(.001,DHT(ISA)*XX)

      SMM(34,MO,ISA)=SMM(34,MO,ISA)+RRUF(ISA)

      VAR(34,ISA)=RRUF(ISA)

      IF(IHY>0)THEN

          NHY(IDO)=0

          HYDV(IDO)=0.

          IF(QMM>QTH)THEN

              IF(INFL<3)THEN

                  IF(NRF==0.AND.RFV(IRF(ISA))>0.)THEN

                      IF(IHY>4)THEN

                          CALL HRFDT

                      ELSE

                          CALL HRFDTS

                      END IF

                  END IF    

              END IF                  

              SMM(33,MO,ISA)=SMM(33,MO,ISA)+RHTT(ISA)

              VAR(33,ISA)=RHTT(ISA)

              RRUF(ISA)=MAX(.001,RRUF(ISA)*XX)

              CALL HYDUNT

	      END IF	          

      END IF	      

      AFN=MIN(BVIR(ISA)*CQNI,FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA))

      IF(AFN>0..AND.PADDY_STO(1,ISA)<1.E-10)THEN

          ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+AFN

          WNO3(LD1,ISA)=WNO3(LD1,ISA)+AFN

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),1140)ISA,&

          NBSA(ISA),IYR,MO,KDA,AFN,BVIR(ISA),XHSM(ISA)

      END IF

      RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

      BVIR(ISA)=0.

      IF(LUN(ISA)/=35)CALL HPURK

      !update paddy water storage Jaehak 2016 

      IF(PADDY_HWEIR(ISA)>0)PADDY_STO(1,ISA)=MAX(0.,PADDY_STO(1,ISA)-PKRZ(LD1))

      SMM(97,MO,ISA)=SMM(97,MO,ISA)+CPVV

      SMM(87,MO,ISA)=SMM(87,MO,ISA)+CPVH(IDO)

      X3=PKRZ(LNS)*WSAX1

      SMM(16,MO,ISA)=SMM(16,MO,ISA)+X3

      VAR(16,ISA)=X3

      SMM(83,MO,ISA)=SMM(83,MO,ISA)+QRF(IDO)

      VAR(83,ISA)=QRF(IDO)

      GWST(ISA)=GWST(ISA)+X3

      X1=RFTT(ISA)*GWST(ISA)

      IF(X1>1e-5)THEN

          X2=X1*RFPK(ISA)

          VAR(71,ISA)=X1-X2

          CONC=GWSN(ISA)/(GWST(ISA)+1.E-10)

          IF(GWST(ISA)/GWMX(ISA)<PRMT(40))X2=0.

	      TNL=CONC*X1

	      CNV=TNL/(X2*PRMT(74)+VAR(71,ISA))

	      CNH=CNV*PRMT(74)

          RSFN(IDO)=CNH*X2

          DPKN=CNV*VAR(71,ISA)

          X4=RSFN(IDO)+DPKN

          IF(GWSN(ISA)<X4)THEN

              RTO=GWSN(ISA)/X4

              DPKN=RTO*DPKN

              RSFN(IDO)=RTO*RSFN(IDO)

          END IF    

          GWSN(ISA)=GWSN(ISA)-RSFN(IDO)-DPKN

          SMM(96,MO,ISA)=SMM(96,MO,ISA)+DPKN

          VAR(96,ISA)=DPKN

          DO K=1,NDP

              X3=GWPS(K,ISA)/GWST(ISA)

              RSPS(K,IDO)=MIN(GWPS(K,ISA),X2*X3)

              GWPS(K,ISA)=GWPS(K,ISA)-RSPS(K,IDO)

              VARP(12,K,IDO)=MIN(GWPS(K,ISA),VAR(71,ISA)*X3)

              GWPS(K,ISA)=GWPS(K,ISA)-VARP(12,K,IDO)

              SMMP(11,K,MO,IDOA(ISA))=SMMP(11,K,MO,IDOA(ISA))+RSPS(K,IDO)

              SMMP(12,K,MO,IDOA(ISA))=SMMP(12,K,MO,IDOA(ISA))+VARP(12,K,IDO)

          END DO

          X3=VAR(71,ISA)+X2

          IF(GWST(ISA)<X3)THEN

              RTO=GWST(ISA)/X3

              VAR(71,ISA)=RTO*VAR(71,ISA)

              X2=RTO*X2

          END IF    

          GWST(ISA)=GWST(ISA)-VAR(71,ISA)-X2

          RSSF(IDO)=X2

          SMM(71,MO,ISA)=SMM(71,MO,ISA)+VAR(71,ISA)

          SMM(72,MO,ISA)=SMM(72,MO,ISA)+RSSF(IDO)

          VAR(72,ISA)=RSSF(IDO)

      END IF    

      SMM(15,MO,ISA)=SMM(15,MO,ISA)+SST(IDO)

      VAR(15,ISA)=SST(IDO)

      VARH(15,IDO)=SST(IDO)

      CALL NCQYL

      X1=RSSF(IDO)+SST(IDO)+QRF(IDO)

      XX=(QVOL(IDO)+X1)/WSAX1

      X1=MAX(RQRB(IDO),X1/(24.*WSAX1))

      SSMM=SST(IDO)/WSAX1

      QRMM=QRF(IDO)/WSAX1

      RFMM=RSSF(IDO)/WSAX1

      GWMM=GWST(ISA)/WSAX1

      IF(KFL(9)>0)THEN

          WRITE(KW(9),1202)ISA,NBSA(ISA),IYR,MO,KDA,CN,SCI(ISA),&

          VAR(4,ISA),STMP(LD2,ISA),SML,QMM,SSMM,QRMM,RFMM,&

          XX,X1,TC(IDO),DUR,ALTC,AL5,REP,RZSW(ISA),GWMM

      END IF    

 	  REP=0.

	  REPI(ISA)=0. 

      CALL HEVP

      !Update paddy storage jaehak jeong 

      IF(PADDY_HWEIR(ISA)>0.)PADDY_STO(1,ISA)=MAX(0.,PADDY_STO(1,ISA)-VAR(63,ISA)-ES)

      X10=EO*WSAX1

      SMM(10,MO,ISA)=SMM(10,MO,ISA)+X10

      VAR(10,ISA)=X10

      ADEO=(XDA*SMM(10,MO,ISA)+XDA1*PMOEO)*.0226

      ADRF=(XDA*(SMM(4,MO,ISA)-SMM(13,MO,ISA)-SMM(17,MO,ISA))+XDA1*PMORF&

      )/31.

      SMRF(ISA)=SMRF(ISA)-RF5(IWTB,ISA)+RFV(IRF(ISA))

      DO I=IWTB,2,-1

          RF5(I,ISA)=RF5(I-1,ISA)

      END DO

      RF5(1,ISA)=RFV(IRF(ISA))

      X1=STMP(LD2,ISA)*CLF

      SMEO(ISA)=SMEO(ISA)-EO5(IWTB,ISA)+X1

      DO I=IWTB,2,-1

          EO5(I,ISA)=EO5(I-1,ISA)

      END DO

      EO5(1,ISA)=X1

      IF(WTMN(ISA)<Z(LNS,ISA))CALL HWTBL

      VAP(ISA)=0.

      VPU(ISA)=0.

      QSFP=0.

	  IF(LUN(ISA)/=35.AND.RFV(IRF(ISA))>0.)CALL NYPA

      !Paddy field water balance, sediment, and nutrient load Jaehak Jeong 2016

      IF(PADDY_STO(1,ISA)>.1)THEN

          IF(PADDY_HWEIR(ISA)>0.)THEN

              CALL PADDY_WQ 

          ELSE

             YSD(NDRV,IDO)=YSD(NDRV,IDO)+PADDY_STO(2,ISA)*WSAX

             QN(IDO)=QN(IDO)+PADDY_STO(3,ISA)*WSAX

             QP(IDO)=QP(IDO)+PADDY_STO(4,ISA)*WSAX

             YN(IDO)=YN(IDO)+PADDY_STO(5,ISA)*WSAX

             YP(IDO)=YP(IDO)+PADDY_STO(6,ISA)*WSAX

             PADDY_STO(2,ISA)=0.  !Update sediment balance

             PADDY_STO(3,ISA)=0.

             PADDY_STO(4,ISA)=0.

             PADDY_STO(5,ISA)=0.

             PADDY_STO(6,ISA)=0.

          END IF    

      ELSE

          PADDY_STO(2,ISA)=0.  !Update sediment balance

          PADDY_STO(3,ISA)=0.

          PADDY_STO(4,ISA)=0.

          PADDY_STO(5,ISA)=0.

          PADDY_STO(6,ISA)=0.

      END IF          

      SMM(48,MO,ISA)=SMM(48,MO,ISA)+YP(IDO)

      VAR(48,ISA)=YP(IDO)

      SYP(IDO)=SYP(IDO)+YP(IDO)

      VAYP(IDO)=YP(IDO)

      VARH(2,IDO)=QVOL(IDO)/86400.

	  SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

      VARH(9,IDO)=YN(IDO)

      SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+VARH(9,IDO)

      VARH(11,IDO)=YP(IDO)+YPOU(IDO)

      SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

      YPM(IDO)=YPM(IDO)+QAPY

      VAR(118,ISA)=YPM(IDO)

      SMM(118,MO,ISA)=SMM(118,MO,ISA)+VAR(118,ISA)

      VAR(119,ISA)=VAR(48,ISA)-VAR(118,ISA)

      SMM(119,MO,ISA)=SMM(119,MO,ISA)+VAR(119,ISA)

      SMM(135,MO,ISA)=SMM(135,MO,ISA)+YPWN(IDO)

      VAR(135,ISA)=YPWN(IDO)

      RSDM(LD1,ISA)=RSDM(LD1,ISA)-YMNUX

      ZZ=WLM(LD1,ISA)+WLS(LD1,ISA)

      RTO=MIN(1.,WLM(LD1,ISA)/ZZ)

      WLM(LD1,ISA)=WLM(LD1,ISA)-RTO*YMNUX

      IF(WLS(LD1,ISA)>1.e-3)THEN

         X1=WLSL(LD1,ISA)/WLS(LD1,ISA)

      ELSE

         X1=0.

      ENDIF

      WLS(LD1,ISA)=MAX(1.E-10,WLS(LD1,ISA)-YMNUX*(1.-RTO))

      WLSL(LD1,ISA)=MAX(1.E-10,WLS(LD1,ISA)*X1)

      UNM=0.

      UPM=0.

      UKM=0.

      NDFA(ISA)=NDFA(ISA)+1

      NII(ISA)=NII(ISA)+1

      XHSM(ISA)=HSM(ISA)/AHSM

      IRGX=0

      IF(NYD/=1.AND.IDA==60)THEN

          NT1=1

      ELSE

          N1=KT(ISA)

          LGZ=0

          DO KT2=N1,NN1

              KT(ISA)=KT2

              IF(KOMP(KT2,ISA)>0)CYCLE

              IF(KTF(ISA)==0)KTF(ISA)=KT2

              DO K=1,LC

                  IF(JH(IRO(ISA),KT2,ISA)==KDC(K))EXIT

              END DO

              IF(K>LC)K=1

              JJK=K

              IF(IHUS==0)THEN

                  IF(IDA<ITL(IRO(ISA),KT2,ISA)+NT1)EXIT

              END IF

              IF(KGO(JJK,ISA)>0.OR.JPL(JJK,ISA)>0)XHSM(ISA)=HU(JJK,ISA)/&

              PHU(JJK,IHU(JJK,ISA),ISA)

              IF(XHSM(ISA)<HUSC(IRO(ISA),KT2,ISA))THEN

                  IF(MO<12.OR.IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)&

                  ==NDC(10))EXIT

              ELSE

	              IF(PDSW(ISA)/PDAW(ISA)>PRMT(78).AND.RSAE(ISA)<1.E-5.AND.MO<&

                  12)THEN

	                  IF(KFL(1)>0)WRITE(KW(1),589)ISA,NBSA(ISA),IY,MO,KDA,PDSW(ISA),&

                      PDAW(ISA)

                      EXIT

                  END IF    

              END IF    

              JT1=LT(IRO(ISA),KT2,ISA)

              KOMP(KT2,ISA)=1

              IF(KT2>KTMX(ISA))KTMX(ISA)=KT(ISA)

              CSTX=COTL(JT1)

              COX=COOP(JT1)

              II=0

              SELECT CASE(IHC(JT1))

                  CASE(7)

                      IF(RFV(IRF(ISA))>PRMT(77))THEN

                          KOMP(KT2,ISA)=0

                          CYCLE

                      END IF

                      CALL PSTAPP

	                  IF(IDA==JD0.AND.NBT(JT1)==0.AND.NBE(JT1)==JDE)THEN

                          CSTX=0.

                          COX=0.

                      END IF

                      II=1

                  CASE(8)

                      IF(IRGX>0)THEN

                          KOMP(KT2,ISA)=0

                          CYCLE

                      END IF

                      BVIR(ISA)=VIRR(IRO(ISA),KT2,ISA)

                      IF(PADDY_HWEIR(ISA)>1.)THEN

                          BIR(ISA)=TIR(IRO(ISA),KTMX(ISA),ISA)

                          !Assign the water ponding depth in paddy that triggers irrigation

                          PADDY_HMIN(ISA)=HMIN_IRR(IRO(ISA),KT2,ISA) !minimum ponding depth, mm

                          PADDY_IRRMM=BVIR(ISA)

                          BVIR(ISA)=MAX(0.,PADDY_IRRMM-PADDY_STO(1,ISA))

                          IF(PADDY_HWEIR(ISA)>0) PADDY_STO(1,ISA) = MAX(0.,PADDY_STO(1,ISA)+BVIR(ISA))

                      END IF

                      IF(BVIR(ISA)<1.E-10)IAUI(ISA)=JT1

                      CALL HIRG(BVIR(ISA),EFM(JT1),TLD(JT1),JRT,JT1,1)

                      IRGX=1

                  CASE(9)    

                      IHD=0

                      IF(PADDY_STO(1,ISA)>=1.)THEN

                          CALL NFERT_PADDY(APMU,JT1,KT2,JRT) !Fertilizer paddy field Jaehak 2016

                      ELSE

                          CALL NFERT(APMU,6,JT1,KT2,JRT)

                      END IF

	                  IF(IDA==JD0.AND.NBT(JT1)==0.AND.NBE(JT1)==JDE)THEN

                          CSTX=0.

                          COX=0.

                      END IF

                      II=1

                  CASE(15,16) !!Puddling/set up discharge weir control  Jaehak 2016 paddy

                      PADDY_HWEIR(ISA)=HWEIR(IRO(ISA),KT2,ISA) !weir height, mm

                      PADDY_LWEIR(ISA)=LWEIR(IRO(ISA),KT2,ISA) !weir WIDTH, m

                      II=1

                  CASE(20)

                      KOMP(N1,ISA)=1 

                      RST0(ISA)=0.         

                      IGZ(ISA)=0

                      DO IHD=1,NHRD(IOW)

                          NGZ(IHD,ISA)=0

                          GCOW(IHD,ISA)=0.

                      END DO

                      KTF(ISA)=KTF(ISA)+1

                  CASE DEFAULT

                      II=1    

              END SELECT

              IF(II==1)THEN

                  JD0=IDA

                  JDE=NBE(JT1)

                  CALL TLOP(CSTX,COX,JRT)

                  IF(JRT>0)EXIT

              END IF    

              IF(IFD(ISA)>0.AND.DKHL(ISA)>.001)THEN

                  DHT(ISA)=DKHL(ISA)

                  IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),970)ISA,&

                  NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

              END IF    

              COST(ISA)=COST(ISA)+CSTX

              CSFX=CSFX+COX

              JT2=JT1

          END DO

          IF(KT2>NN1)KTF(ISA)=N1

          KT(ISA)=KTF(ISA)

          DO IHD=1,NHRD(IOW)

              IZ=IFED(IHD,IOW)

	          IF(IZ==ISA)THEN

                  IF(NCOW(IHD,IOW)>0)GCOW(IHD,ISA)=NCOW(IHD,IOW)*FFED(IHD,IOW)

	          ELSE

                  IF(RST0(ISA)<1.E-5)THEN

                      IF(IGZX(IHD,IOW)/=ISA)CYCLE

                      GCOW(IHD,ISA)=NCOW(IHD,IOW)*(1.-FFED(IHD,IOW))

	              END IF	              

	              IF(NGZ(IHD,ISA)==0.OR.IGZ(ISA)==0)CYCLE

	          END IF

              STKR(ISA)=STKR(ISA)+GCOW(IHD,ISA)

              DDMP=DUMP(IHD,IOW)*GCOW(IHD,ISA)

              TMPD=TMPD+DDMP

              X1=DDMP*SOLQ(ISA)

              WTMU(ISA)=WTMU(ISA)+X1

              AFLG(ISA)=AFLG(ISA)+X1

              SMM(61,MO,ISA)=SMM(61,MO,ISA)+X1

              VAR(61,ISA)=X1

              X5=.0001*VURN(IHD,IOW)*GCOW(IHD,ISA)/WSAX

              RFV(IRF(ISA))=RFV(IRF(ISA))+X5

              X2=DDMP-X1

              APMU=X2/WSA(ISA)

              CALL NFERT(APMU,3,IAMF(ISA),KT2,JRT)

          END DO

          IHD=NHRD(IOW)

          IF(IAPL(ISA)>0)THEN

              IF(ISAS(IOW)==ISA)THEN

                  APMU=FNP(2,ISA)

                  IF(SMNU(IOW)>.001*APMU*WSA(ISA))THEN

	                  CALL NFERT(APMU,2,ISPF(ISA),KT2,JRT)

                      IF(JRT==0)THEN

                          X4=.001*APMU

                          SMNU(IOW)=SMNU(IOW)-X4

                      END IF    

                  END IF

              END IF    

          ELSE

              IF(DALG(ISA)>0.)THEN

                  ALQ(ISA)=0.

                  CALL HLGOON(JRT)

                  IF(JRT==0)THEN

                      ALQ(ISA)=MIN(CFNP(ISA)*VLGI(ISA),.95*WTMU(ISA))

                      CFNP(ISA)=WTMU(ISA)/VLG(ISA)

                  END IF    

              ELSE

                  IF(ISAL(IOW)==ISA)THEN

                      IZ=-IAPL(ISA)

                      IF(ALQ(IZ)>1.E-5)THEN

                          APMU=MIN(.9*WTMU(IZ),ALQ(IZ))

                          APMU=APMU/WSA(ISA)

	                      CALL NFERT(APMU,1,ILQF(ISA),KT2,JRT)

                          IF(JRT==0)THEN

                              SMM(62,MO,IZ)=SMM(62,MO,IZ)+APMU

                              VAR(62,ISA)=APMU

                              X6=APMU

                              WTMU(IZ)=WTMU(IZ)-APMU

                              BVIR(ISA)=.1*ALGI(IOW)/WSA(ISA)

                              CALL HIRG(BVIR(ISA),1.,0.,JRT,JT1,1)

                              IF(JRT==0)TFLG(ISA)=TFLG(ISA)+APMU

                          END IF

                      END IF

                  END IF

              END IF

          END IF    

          IF(PADDY_HWEIR(ISA)<1.E-10)BIR(ISA)=TIR(IRO(ISA),KTMX(ISA),ISA)

          EFI(ISA)=QIR(IRO(ISA),KTMX(ISA),ISA)

          FIRG(ISA)=FIRX(IRO(ISA),KTMX(ISA),ISA)

          JT1=LT(IRO(ISA),KT(ISA),ISA)

          IF(NDFA(ISA)>=IFA(ISA).AND.IDFT(5,ISA)/=0)THEN

              APMU=FNP(5,ISA)

	          IF(APMU>1.E-5)CALL NFERT(APMU,5,JT1,KT2,JRT)

	      END IF

          KTF(ISA)=0

          IF(ABS(BIR(ISA))>1.E-5)THEN

              IF(BIR(ISA)<0.)THEN

                  IF(RZSW(ISA)-PAW(ISA)<BIR(ISA))CALL HIRG(BVIR(ISA),&

                  EFM(IAUI(ISA)),TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

              ELSE IF(BIR(ISA)>9990.)THEN

                  BVIR(ISA)=MAX(0.,PADDY_IRRMM-PADDY_STO(1,ISA))

                  CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),TLD(IAUI(ISA)),JRT,IAUI(ISA),0) !auto irrigation for target ponding depth paddy model jaehak jeong 2014

              ELSE

                  IF(BIR(ISA)>=1.)THEN

                      CALL SWTN

                      IF(WTN>BIR(ISA))CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),&

                      TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

                  ELSE

                      IF(WS(ISA)<BIR(ISA))CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),&

                      TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

                  END IF

              END IF    

          END IF

      END IF 

      SVOL=0.

      TSFN(IDO)=0.

      TSFK(IDO)=0.

      QRFN(IDO)=0.

      SMQN(IDO)=0.

      IF(LUN(ISA)==35)THEN

          QN(IDO)=RFQN(ISA)

      ELSE

          CALL NPCY

      END IF    

      IF(LUN(ISA)/=35)CALL TMIX(XXXX,ZMIX,1,1)

      IF(PADDY_HWEIR(ISA)>0.)PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+BVIR(ISA) 

      IF(IRR(ISA)==1)RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

      IF(IDNT>2)CALL GASDF3

      XX=0.

      RSPC=0.

      IF(LUN(ISA)/=35)THEN

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              IF(STMP(ISL,ISA)>0.)THEN

                  Z5=500.*(Z(ISL,ISA)+XX)

                  IF(ICP==0)THEN

                      CALL NCNMI_PHOENIX(Z5,CS,EAR(ISL,ISA))

                  ELSE    

                      CALL NCNMI_CENTURY(Z5,CS,EAR(ISL,ISA))

                  END IF

              END IF

              XX=Z(ISL,ISA)

          END DO

      END IF

      CV(ISA)=0.

      CVP(ISA)=0.

      AD1=0.

      CVRS(ISA)=0.

      VAC(ISA)=0.

      AEPT=0.

      XES=ES

      AGPM(ISA)=0.

      TAGP(ISA)=0.

      IF(IGO(ISA)>1)XES=ES/IGO(ISA)

      WS(ISA)=1.

      IF(IGO(ISA)>0)THEN

          JGO=0

          JBG(ISA)=JBG(ISA)+1

          IF(JBG(ISA)>IGO(ISA))JBG(ISA)=1

          I=JBG(ISA)

          DO J=1,LC

              IF(KGO(J,ISA)>0)THEN

                  JGO(I)=KGO(J,ISA)

                  I=I+1

                  IF(I>IGO(ISA))I=1

              END IF    

          END DO

          I1=0

          DO IN2=1,IGO(ISA)

              I1=I1+1

              JJK=JGO(I1)

              AEP(JJK)=0.

              IF(JPL(JJK,ISA)>0)THEN

                  HU(JJK,ISA)=HU(JJK,ISA)+MAX(0.,DST0(ISA)-TBSC(JJK))

	              IF(PDSW(ISA)/PDAW(ISA)>PRMT(11).AND.HU(JJK,ISA)>GMHU(JJK))THEN

	                  JPL(JJK,ISA)=0

                      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),950)ISA,&

                      NBSA(ISA),IYR,MO,KDA,CPNM(JJK),PDSW(ISA),HU(JJK,ISA),XHSM(ISA)

                      HU(JJK,ISA)=0.

                  ELSE

                      IF(HU(JJK,ISA)/PHU(JJK,IHU(JJK,ISA),ISA)>.3.AND.KGO(JJK,ISA)>0)THEN

                          KGO(JJK,ISA)=0

                          IGO(ISA)=IGO(ISA)-1

                          JPL(JJK,ISA)=0

                      END IF    

                      CYCLE

                  END IF

              END IF

              CV(ISA)=CV(ISA)+DM(JJK,ISA)-RW(JJK,ISA)

              AD1=AD1+PPL0(JJK,ISA)

              STLX=STL(JJK,ISA)

              VAC(ISA)=VAC(ISA)+BWN(1,JJK)*STLX

              AWC(JJK,ISA)=AWC(JJK,ISA)+RFV(IRF(ISA))-QMM

              DO L1=1,NBSL(ISA)

                  ISL=LID(L1,ISA)

                  UW(ISL)=0.

                  UK(ISL)=0.

                  UN(ISL)=0.

                  UP(ISL)=0.

              END DO

              UNM=0.

              UPM=0.

              UKM=0.

              DDM(JJK)=0.

              CALL CGROW(JRT)

              IF(JRT/=1)THEN

                  IF(JRT==0)THEN

                      VARC(14,JJK,ISA)=REG(JJK,ISA)

                      SUN=0.

                      SUP=0.

                      SUK=0.

                      CALL HUSE

                      CALL CROP

                      CALL NUP

                      CALL NPUP

                      CALL NKUP

                      CALL NUSE

                      CALL CSTRS

                      VARC(10,JJK,ISA)=WS(ISA)

                      VARC(11,JJK,ISA)=SN

                      VARC(12,JJK,ISA)=SP

                      VARC(13,JJK,ISA)=SK

                      VARC(15,JJK,ISA)=SAT            

                      VARC(17,JJK,ISA)=REG(JJK,ISA)

                      VAR(43,ISA)=WFX*WSAX

                      AEPT=AEPT+AEP(JJK)

                      IF(HUI(JJK,ISA)>PRMT(3))THEN

                          SWH(JJK,ISA)=SWH(JJK,ISA)+AEP(JJK)

                          SWP(JJK,ISA)=SWP(JJK,ISA)+EP(JJK)

                      END IF

                      VAR(12,ISA)=AEP(JJK)

                      ACET(JJK,ISA)=ACET(JJK,ISA)+AEP(JJK)+XES

                  END IF          

                  CALL CAGRO

                  STV(5,MO,ISA)=UN1(JJK,ISA)

                  VARS(5)=UN1(JJK,ISA)

                  STV(6,MO,ISA)=UP1(JJK,ISA)

                  VARS(6)=UP1(JJK,ISA)

                  STV(7,MO,ISA)=UK1(JJK,ISA)

                  VARS(7)=UK1(JJK,ISA)

              END IF          

              STLX=STL(JJK,ISA)

              IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))&

              AGPM(ISA)=AGPM(ISA)+STLX

              TAGP(ISA)=TAGP(ISA)+STLX

              VARC(1,JJK,ISA)=HUI(JJK,ISA)

              VARC(2,JJK,ISA)=SLAI(JJK,ISA)

              VARC(3,JJK,ISA)=RD(JJK,ISA)

              VARC(4,JJK,ISA)=RW(JJK,ISA)

              VARC(5,JJK,ISA)=DM(JJK,ISA)

              VARC(6,JJK,ISA)=STLX

              VARC(7,JJK,ISA)=CPHT(JJK,ISA)

              VARC(8,JJK,ISA)=STD(JJK,ISA)

              VARC(9,JJK,ISA)=STDL(JJK,ISA)

          END DO          

      END IF

      IF(SCLM(15)>0.)AD1=MIN(AD1,SCLM(15))

      CVP(ISA)=MAX(CVP(ISA),AD1/(AD1+EXP(SCRP(15,1)-SCRP(15,2)*AD1)))

      FBAR(ISA)=1.-.01*AD1

      DO K=1,LC                                          

          STDX=STD(K,ISA)

          AGPM(ISA)=AGPM(ISA)+STDX

          TAGP(ISA)=TAGP(ISA)+STDX

          CVRS(ISA)=CVRS(ISA)+STDX

          CV(ISA)=CV(ISA)+STDX

          VAC(ISA)=VAC(ISA)+BWN(2,K)*STDX

      END DO

      !IF(ISA==ISAP)CALL NCONT(ISA)

      IF(NDP>0)THEN

          CALL PSTCY(PQPX,PYPX,IXP)

          CALL PSTEV

      END IF

      PDPL(ISA)=0.

      PDSKC=0.

      SW(ISA)=SWLT(ISA)+XRFI(ISA)

      RZSW(ISA)=0.

      ZNO3(ISA)=0.

      ZNH3(ISA)=0.

      ZNMU(ISA)=0.

      ZNOU(ISA)=0.

      ZPML(ISA)=0.

      ZPO(ISA)=0.

      ZPMA(ISA)=0.

	  ZPMU(ISA)=0.

	  ZPOU(ISA)=0.

	  ZEK(ISA)=0.

	  ZFK(ISA)=0.

	  ZSK(ISA)=0.

      TRSD(ISA)=0.

      ZFOP(ISA)=0.

      ZNOS(ISA)=0.

      ZNOA(ISA)=0.

      ZPMS(ISA)=0.

      TNOR(ISA)=0.

      ZON(ISA)=0.

      ZOC(ISA)=0.

      ZLS(ISA)=0.

      ZLM(ISA)=0.

      ZLSL(ISA)=0.

      ZLSC(ISA)=0.

      ZLMC(ISA)=0.

      ZLSLC(ISA)=0.

      ZLSLNC(ISA)=0.

      ZBMC(ISA)=0.

      ZHSC(ISA)=0.

      ZHPC(ISA)=0.

      ZLSN(ISA)=0.

      ZLMN(ISA)=0.

      ZBMN(ISA)=0.

      ZHSN(ISA)=0.

      ZHPN(ISA)=0.

      ZSLT(ISA)=0.

      XX=0.

      SUM=0.

      OCPD(ISA)=0.

      PDSW(ISA)=0.

	  PDAW(ISA)=0.

      IF(BIG(ISA)>0.)CALL SAJBD

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          SMS(2,ISL,ISA)=SMS(2,ISL,ISA)+STMP(ISL,ISA)

          WOC(ISL,ISA)=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,&

          ISA)+WLSC(ISL,ISA)

          IF(Z(ISL,ISA)<=PMX(ISA))THEN

              PDSW(ISA)=PDSW(ISA)+SWST(ISL,ISA)-S15(ISL,ISA)

	            PDAW(ISA)=PDAW(ISA)+FC(ISL,ISA)-S15(ISL,ISA)

              PDPL(ISA)=PDPL(ISA)+WPML(ISL,ISA)+WPMU(ISL,ISA)

              PDSKC(ISA)=PDSKC(ISA)+SOLK(ISL,ISA)

              OCPD(ISA)=OCPD(ISA)+WOC(ISL,ISA)

              SUM=SUM+WT(ISL,ISA)

              K1=J

              K2=ISL

          END IF

          IF(Z(ISL,ISA)<=RZ(ISA))THEN

              TNOR(ISA)=TNOR(ISA)+WNO3(ISL,ISA)

              LZ=ISL

              L1=J

              RZSW(ISA)=RZSW(ISA)+SWST(ISL,ISA)-S15(ISL,ISA)

              XX=Z(ISL,ISA)

          END IF

          ZPML(ISA)=ZPML(ISA)+WPML(ISL,ISA)

          ZPMS(ISA)=ZPMS(ISA)+WPMS(ISL,ISA)

          ZPMA(ISA)=ZPMA(ISA)+WPMA(ISL,ISA)

          ZPO(ISA)=ZPO(ISA)+WPO(ISL,ISA)

	      ZPMU(ISA)=ZPMU(ISA)+WPMU(ISL,ISA)

	      ZPOU(ISA)=ZPOU(ISA)+WPOU(ISL,ISA)

	      ZEK(ISA)=ZEK(ISA)+EXCK(ISL,ISA)

	      ZSK(ISA)=ZSK(ISA)+SOLK(ISL,ISA)

	      ZFK(ISA)=ZFK(ISA)+FIXK(ISL,ISA)

          ZNO3(ISA)=ZNO3(ISA)+WNO3(ISL,ISA)

          ZNH3(ISA)=ZNH3(ISA)+WNH3(ISL,ISA)

          ZNMU(ISA)=ZNMU(ISA)+WNMU(ISL,ISA)

          ZNOU(ISA)=ZNOU(ISA)+WNOU(ISL,ISA)

          TRSD(ISA)=TRSD(ISA)+RSD(ISL,ISA)

          SW(ISA)=SW(ISA)+SWST(ISL,ISA)

          ZFOP(ISA)=ZFOP(ISA)+FOP(ISL,ISA)

          ZSLT(ISA)=ZSLT(ISA)+WSLT(ISL,ISA)

          ZLS(ISA)=ZLS(ISA)+WLS(ISL,ISA)

          ZLM(ISA)=ZLM(ISA)+WLM(ISL,ISA)

          ZLSL(ISA)=ZLSL(ISA)+WLSL(ISL,ISA)

          ZLSC(ISA)=ZLSC(ISA)+WLSC(ISL,ISA)

          ZLMC(ISA)=ZLMC(ISA)+WLMC(ISL,ISA)

          ZLSLC(ISA)=ZLSLC(ISA)+WLSLC(ISL,ISA)

          ZLSLNC(ISA)=ZLSLNC(ISA)+WLSLNC(ISL,ISA)

          ZBMC(ISA)=ZBMC(ISA)+WBMC(ISL,ISA)

          ZHSC(ISA)=ZHSC(ISA)+WHSC(ISL,ISA)

          ZHPC(ISA)=ZHPC(ISA)+WHPC(ISL,ISA)

          ZLSN(ISA)=ZLSN(ISA)+WLSN(ISL,ISA)

          ZLMN(ISA)=ZLMN(ISA)+WLMN(ISL,ISA)

          ZBMN(ISA)=ZBMN(ISA)+WBMN(ISL,ISA)

          ZHSN(ISA)=ZHSN(ISA)+WHSN(ISL,ISA)

          ZHPN(ISA)=ZHPN(ISA)+WHPN(ISL,ISA)

          WON(ISL,ISA)=WBMN(ISL,ISA)+WHPN(ISL,ISA)+WHSN(ISL,ISA)+WLMN(ISL,&

          ISA)+WLSN(ISL,ISA)

      END DO         

      ZON(ISA)=ZLSN(ISA)+ZLMN(ISA)+ZBMN(ISA)+ZHSN(ISA)+ZHPN(ISA)

      ZOC(ISA)=ZLSC(ISA)+ZLMC(ISA)+ZBMC(ISA)+ZHSC(ISA)+ZHPC(ISA)

      IF(LZ/=ISL)THEN

          ZZ=RZ(ISA)-Z(LZ,ISA)

          L1=LID(L1+1,ISA)

          RTO=ZZ/(Z(L1,ISA)-Z(LZ,ISA))

          RZSW(ISA)=RZSW(ISA)+(SWST(L1,ISA)-S15(L1,ISA))*RTO

          TNOR(ISA)=TNOR(ISA)+WNO3(L1,ISA)*RTO

      END IF

      SSW(ISA)=SSW(ISA)+RZSW(ISA)

      IF(K1/=NBSL(ISA))THEN

          KK=LID(K1+1,ISA)

          RTO=(PMX(ISA)-Z(K2,ISA))/(Z(KK,ISA)-Z(K2,ISA))

          PDSW(ISA)=PDSW(ISA)+RTO*(SWST(KK,ISA)-S15(KK,ISA))

	        PDAW(ISA)=PDAW(ISA)+RTO*(FC(KK,ISA)-S15(KK,ISA))

	        SUM=SUM+RTO*WT(KK,ISA)

          OCPD(ISA)=.1*(OCPD(ISA)+RTO*WOC(KK,ISA))/SUM

          PDPL(ISA)=PDPL(ISA)+(WPML(KK,ISA)+WPMU(KK,ISA))*RTO

          PDPLC(ISA)=1000.*PDPL(ISA)/SUM

          PDSKC(ISA)=PDSKC(ISA)+SOLK(KK,ISA)*RTO

          PDSKC(ISA)=1000.*PDSKC(ISA)/SUM

      END IF

      AET=AEPT+ES

      SMM(11,MO,ISA)=SMM(11,MO,ISA)+AET

      VAR(11,ISA)=AET

      SMM(12,MO,ISA)=SMM(12,MO,ISA)+AEPT

      VAR(155,ISA)=10.*AET*SALA(ISA)

      SMM(155,MO,ISA)=SMM(155,MO,ISA)+VAR(155,ISA)

      IF(NVCN(ISA)==4.AND.LUN(ISA)/=35)THEN

          IF(IGO(ISA)>0)THEN

              X1=MAX(AET,EO*EXP(-PRMT(42)*SCI(ISA)/SMX(ISA)))

          ELSE

              X1=AET

          END IF

          SCI(ISA)=MAX(3.,SCI(ISA)+X1-RFV(IRF(ISA))+QMM)

    !     +QRF(IDO)+SST(IDO)+QDR(IDO)+VAR(16,ISA)

          SCI(ISA)=MIN(SCI(ISA),PRMT(44)*SMX(ISA))

      END IF

	    X1=(ADRF-PRMT(9)*WSAX1)/100.

      X2=CV(ISA)-PRMT(10)

      IPST(ISA)=IPST(ISA)+1

      IF(TMN(IRF(ISA))>0.)THEN

          IF(X1>0..AND.X2>0.)PSTS(ISA)=PSTS(ISA)+(X1+1.)*TMN(IRF(ISA))

      ELSE

          PSTS(ISA)=PSTS(ISA)+TMN(IRF(ISA))

      END IF

      SSFN=0.

      SSFK=0.

      CALL NEVN

      CALL NEVP

      !Compute upward movement of N/P with soil evaporation if the field is not flooded Jaehak 2016

      IF(PADDY_STO(1,ISA)<1.E-10)THEN

          CALL NEVN

          CALL NEVP

      ENDIF

      VAR(41,ISA)=SGMN

      VAR(44,ISA)=SNMN

      X42=WSAX*SDN

      VAR(42,ISA)=X42

      VAR(128,ISA)=SN2

      VAR(154,ISA)=SN2O

      VAR(50,ISA)=SMP

      X46=SVOL*WSAX

      VAR(46,ISA)=X46

      X45=SNIT*WSAX

      VAR(45,ISA)=X45

      VAR(13,ISA)=QVOL(IDO)

      VAR(38,ISA)=QN(IDO)

      VAR(40,ISA)=VNO3(LNS,ISA)*WSAX

      VAR(49,ISA)=QP(IDO)

	  VAR(108,ISA)=QPU(IDO)

      VAR(39,ISA)=TSFN(IDO)

      VAR(131,ISA)=TSFS

      VAR(151,ISA)=TSFK(IDO)

      VAR(120,ISA)=RZSW(ISA)

      VARS(1)=ZNH3(ISA)

      VARS(2)=ZNO3(ISA)

      VARS(3)=ZPML(ISA)

      VARS(4)=ZSK(ISA)

      VARS(8)=RZSW(ISA)

      VARS(9)=WTBL(ISA)

      VARS(10)=GWST(ISA)/WSAX !units in mm, Jaehak 2020

      VARS(11)=STDO(ISA)

      VARS(12)=RSD(LD1,ISA)

      VARS(16)=SWLT(ISA)

      VARS(17)=SNO(ISA)

      VARS(18)=RSDM(LD1,ISA)

      VARS(19)=GWSN(ISA)

      VARS(20)=ZSLT(ISA)

      CALL SPRNT

      IF(KFL(22)>0)CALL SOCIOD(KDA)

!     PRINTOUT DAILY

      VAR(4,ISA)=VAR(4,ISA)*WSAX1

      IF(NBSA(ISA)==ISAP.AND.IDA==IPC.AND.KFL(1)>0)THEN

          SELECT CASE(IPD)

              CASE(6)

                  CALL APRNTD

              CASE(7)

                  WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,MO,KDA,IY

                  CALL SOLIOP

                  CALL SOLIOC

              CASE(8)

                  IF(IGO(ISA)>0)THEN

                      WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,MO,KDA,IY

                      CALL SOLIOP

                      CALL SOLIOC

                  END IF    

              CASE(9)

                  IF(IGO(ISA)>0)CALL APRNTD

              CASE DEFAULT    

          END SELECT

          IF(ISA==MSA)IPC=IPC+INP

      END IF    

      SMM(41,MO,ISA)=SMM(41,MO,ISA)+SGMN

      SMM(44,MO,ISA)=SMM(44,MO,ISA)+SNMN

      SMM(42,MO,ISA)=SMM(42,MO,ISA)+X42

      SMM(128,MO,ISA)=SMM(128,MO,ISA)+SN2

      SMM(154,MO,ISA)=SMM(154,MO,ISA)+SN2O

      SMM(50,MO,ISA)=SMM(50,MO,ISA)+SMP

      SMM(46,MO,ISA)=SMM(46,MO,ISA)+X46

      SMM(45,MO,ISA)=SMM(45,MO,ISA)+X45

      WYLD(IDO)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+QDR(IDO)+CPVH(IDO)

      IF(IPTS(ISA)>0)THEN

	      I=IPSO(ISA)

	      WYLD(IDO)=WYLD(IDO)+PSOQ(I)

          QVOL(IDO)=QVOL(IDO)+PSQX

          YSD(NDRV,IDO)=YSD(NDRV,IDO)+PSOY(I)

		  QN(IDO)=QN(IDO)+PSO3(I)

		  QP(IDO)=QP(IDO)+PSSP(I)

		  YN(IDO)=YN(IDO)+PSON(I)

		  YP(IDO)=YP(IDO)+PSOP(I)

      END IF

      VARH(34,IDO)=WYLD(IDO)

      SMM(13,MO,ISA)=SMM(13,MO,ISA)+QVOL(IDO)

      SMMR(1,MO)=SMMR(1,MO)+QVOL(IDO)

      VARH(35,IDO)=WYLD(IDO)/86400.

      VAR(117,ISA)=WYLD(IDO)

      SMM(117,MO,ISA)=SMM(117,MO,ISA)+WYLD(IDO)

      SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+WYLD(IDO)

      CALL AUAC(0)

      IF(KFL(11)>0)THEN

          NN=NCP(IRO(ISA),ISA)

          DO J=1,NN 

              I2=LY(IRO(ISA),J,ISA)

              WRITE(KW(11),154)ISA,NBSA(ISA),IYR,MO,KDA,CPNM(I2),(VARC(K,I2,ISA),K=1,17),&

                  (VARUA(KD(K),ISA),K=1,NKD),(VARS(KS(K)),K=1,NKS)

          END DO

      END IF    

      !PRINT PADDY DAILY OUTPUT Jaehak 2016

      IF(KFL(45)>0)WRITE(KW(45),'(3I6,30E10.3)')IY,IDA,ISA,VARUA(4,ISA),&

      VARUA(18,ISA),PKRZ(LD1),VARUA(63,ISA)+ES,QMM,SLAI(1,1),&

      YSD(NDRV,IDO),QN(IDO),QP(IDO),(PADDY_STO(I,ISA), I=1,4)





      !PRINT DAILY PEST OUTUPT Jaehak 2023

      IF(NDP>0)THEN                                                                  

	      X1=(SST(IDO)+QRF(IDO)+CPVH(IDO)+QDR(IDO))/WSAX1 !mm Jaehak 2022

          X2=QVOL(IDO)/WSAX1 !mm

          X3=YSD(NDRV,IDO)/WSAX

	      IF(KFL(6)>0)THEN

	          DO KK=1,NDP

	              IF(KK==1)THEN

	                  WRITE(KW(6),903)ISA,NBSA(ISA),IYR,MO,KDA,RFV(IRF(1)),&

	                  X2,X1,X3,PSTN(KK),(VARP(J,KK,IDO),J=1,12)             

                ELSE

                    WRITE(KW(6),904)ISA,NBSA(ISA),IYR,MO,KDA,PSTN(KK),&

                    (VARP(J,KK,IDO),J=1,12)        

                  END IF

              END DO

          END IF

          IF(KFL(29)>0)WRITE(KW(29),909)MSA,NBSA(MSA),IYR,MO,KDA,&

          RFV(IRF(1)),X2,X1,X3,(PSTN(KK),QPST(KK,IDO),TSPS(KK,IDO),&

          YPST(KK,IDO),K=1,NDP)

      END IF                                                                         

      

      SMMR(2,MO)=SMMR(2,MO)+WYLD(IDO)

      SMMR(3,MO)=SMMR(3,MO)+YSD(NDRV,IDO)

      SMMR(4,MO)=SMMR(4,MO)+YN(IDO)

      SMMR(5,MO)=SMMR(5,MO)+YP(IDO)

      SMQN(IDO)=SMQN(IDO)+QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      SMM(158,MO,ISA)=SMM(158,MO,ISA)+SMQN(IDO)

      SQN(IDO)=SQN(IDO)+SMQN(IDO)

      VAQN(IDO)=SMQN(IDO)

      VAQP(IDO)=QP(IDO)

      SQP(IDO)=SQP(IDO)+QP(IDO)

      VSSN(IDO)=TSFN(IDO)

      SMMR(6,MO)=SMMR(6,MO)+QN(IDO)

      SMMR(7,MO)=SMMR(7,MO)+QP(IDO)

      SMMR(8,MO)=SMMR(8,MO)+YMNU(IDO)

	  SMMR(9,MO)=SMMR(9,MO)+QPU(IDO)

	  SMMR(10,MO)=SMMR(10,MO)+YC(IDO)

      SYC(IDO)=SYC(IDO)+YC(IDO)

      VYC(IDO)=YC(IDO)

      DO K=1,NDP

          SMMRP(1,K,MO)=SMMRP(1,K,MO)+WSAX*(QPST(K,IDO)+TSPS(K,IDO)&

          +RSPS(K,IDO))

          SMMRP(2,K,MO)=SMMRP(2,K,MO)+WSAX*YPST(K,IDO)

      END DO

      SMM(38,MO,ISA)=SMM(38,MO,ISA)+QN(IDO)

      SMM(40,MO,ISA)=SMM(40,MO,ISA)+VNO3(LNS,ISA)*WSAX

      SMM(49,MO,ISA)=SMM(49,MO,ISA)+QP(IDO)

      SMM(39,MO,ISA)=SMM(39,MO,ISA)+TSFN(IDO)

	  SMM(108,MO,ISA)=SMM(108,MO,ISA)+QPU(IDO)

	  SMM(131,MO,ISA)=SMM(131,MO,ISA)+TSFS 

	  SMM(151,MO,ISA)=SMM(151,MO,ISA)+TSFK(IDO)

      !CALL NCONT

      IF(IDA==IGSD+NT1)THEN

          IGN=IGN+100

          DO KK=1,IGN

              DO J=1,NRN0

                  XX=AUNIF(NRNG)

                  IX(J)=IX(NRNG)

              END DO

          END DO

      END IF

      IF(YERO>.001.AND.ISTA==0.AND.Z(LID(NBSL(ISA),ISA),ISA)>ZF.AND.&

      NBSL(ISA)>=3)CALL ESLOS(JRT)

      JDA=IDA+1

      RETURN

  !154 FORMAT(1X,2I8,1X,3I4,6X,100E13.6)

  154 FORMAT(1X,2I8,1X,3I4,6X,A4,100F10.4)      

  589 FORMAT(5X,'^^^^^',2I8,3I4,' PDSW = ',E13.5,1X,'PDAW = ',E13.5)

  903 FORMAT(1X,2I8,I5,2I3,1X,4F10.2,12(1X,A16,12F10.4))

  904 FORMAT(1X,2I8,I5,2I3,41X,1X,A16,12F10.4)                                       

  909 FORMAT(1X,2I8,1X,I4,2I2,1X,4F8.2,15(3X,A16,3E12.5))                            

  950 FORMAT(1X,2I8,1X,3I4,1X,A4,2X,'GERMINATION--0.2 M SW = ',F7.0,' mm',&

      2X,'HU = ',F6.0,'c',2X,'HUSC = ',F5.2)

  970 FORMAT(1X,2I8,1X,I4,2I2,2X,'RB FR DK',20X,'DKH = ',F6.0,' mm',2X,&

      'DKI = ',F7.2,'m',2X,'HUSC = ',F5.2)

 1061 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' DATE=',I4,2I2,' YR#=',I4)

 1090 FORMAT(/1X,2I8,1X,I4,2I2,2X,5(1X,A4,F8.2)/(19X,5(1X,A4,F8.2)))

 1140 FORMAT(1X,2I8,1X,I4,2I2,2X,'SOL N FERT = ',F5.0,'kg/ha',2X,'IRR&

       VOL',' = ',F5.0,' mm',2X,'HUSC = ',F5.2)

 1201 FORMAT((19X,5(1X,A4,F8.2)))

 1202 FORMAT(2I8,1X,3I4,25F10.2)

      END






src/CAGRO.f90

      SUBROUTINE CAGRO

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY INCREASE IN PLANT BIOMASS,

!     ROOT WEIGHT, AND YIELD BY ADJUSTING THE POTENTIAL VALUES WITH THE

!     ACTIVE STRESS CONSTRAINT.

      USE PARM

      !AD1=0.

      !DO K=1,NBSL(ISA)

          !ISL=LID(K,ISA)

          !AD1=AD1+ST(ISL,ISA)

      !END DO

      LD1=LID(1,ISA)

      X1=REG(JJK,ISA)*AJWA*SHRL

      RWL=RW(JJK,ISA)

      RGD=DDM(JJK)*X1

      X2=100.*HUI(JJK,ISA)

      AJH0=AJH1(JJK,ISA)

      IF(SCLM(3)>0.)X2=MIN(X2,SCLM(3))

      AJH1(JJK,ISA)=HI(JJK)*X2/(X2+EXP(SCRP(3,1)-SCRP(3,2)*X2))

      DHI=AJH1(JJK,ISA)-AJH0

      X3=TOPC(JJK)-TX

      IF(X3<0..AND.HUI(JJK,ISA)>.7)THEN

          XX=EXP(PRMT(30)*X3/TOPC(JJK))

          DHI=DHI*XX

      END IF    

      AJHI(JJK,ISA)=AJHI(JJK,ISA)+DHI

      X3=DM(JJK,ISA)-DDM(JJK)

      X4=MAX(1.E-5,X3+RGD)

      DM(JJK,ISA)=X4

      DM1(JJK,ISA)=DM1(JJK,ISA)+RGD

      X1=HUI(JJK,ISA)

      RF=MIN(.99,MAX(.2,RWPC(1,JJK)*(1.-X1)+RWPC(2,JJK)*X1))

      RW(JJK,ISA)=PRMT(97)*RW(JJK,ISA)+(1.-PRMT(97))*RF*DM(JJK,ISA)

	  DRW=RW(JJK,ISA)-RWL

      STL(JJK,ISA)=DM(JJK,ISA)-RW(JJK,ISA)

      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          X1=MO*MO

	      FALF=STL(JJK,ISA)*X1*XMTU(JJK)

          SMM(109,MO,ISA)=SMM(109,MO,ISA)+FALF

!         SLAI(JJK,ISA)=MAX(.05,SLAI(JJK,ISA)-FALF)

          DM(JJK,ISA)=DM(JJK,ISA)-FALF

          STL(JJK,ISA)=STL(JJK,ISA)-FALF

          X11=FALF*1000.

          X5=CNY(JJK)*X11

          X6=CPY(JJK)*X11

          X10=CKY(JJK)*X11

          IF(FALF>1.E-5)CALL NCNSTD(FALF,X5,LD1)

          FOP(LD1,ISA)=FOP(LD1,ISA)+X6

          UN1(JJK,ISA)=UN1(JJK,ISA)-X5

          UP1(JJK,ISA)=UP1(JJK,ISA)-X6

          UK1(JJK,ISA)=UK1(JJK,ISA)-X10

          SOLK(LD1,ISA)=SOLK(LD1,ISA)+X10

      END IF

      IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))THEN

          X7=.01*(HUI(JJK,ISA)+.01)**10*STL(JJK,ISA)

          STL(JJK,ISA)=STL(JJK,ISA)-X7

          DM(JJK,ISA)=DM(JJK,ISA)-X7

          STD(JJK,ISA)=STD(JJK,ISA)+X7

          STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*X7

          X8=X7*BN(3,JJK)

          XUN=UN1(JJK,ISA)

          IF(XUN-X8<.01)X8=XUN-.01

          X9=X7*BP(3,JJK)

          XUP=UP1(JJK,ISA)

          IF(XUP-X9<.01)X9=XUP-.01

          STDN(JJK,ISA)=STDN(JJK,ISA)+X8

          STDP(JJK,ISA)=STDP(JJK,ISA)+X9

          UN1(JJK,ISA)=XUN-X8

          UP1(JJK,ISA)=XUP-X9

          IF(HUI(JJK,ISA)>.6.AND.STL(JJK,ISA)<.1)HU(JJK,ISA)=0.

      END IF

      SUM=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          RTO=WNMU(ISL,ISA)/(WNMU(ISL,ISA)+WNO3(ISL,ISA)+1.E-5)

          UU=UN(ISL)*RTO

          UN(ISL)=UN(ISL)-UU

          IF(WNO3(ISL,ISA)<UN(ISL))UN(ISL)=WNO3(ISL,ISA)

          IF(WNMU(ISL,ISA)<UU)UU=WNMU(ISL,ISA)

          WNO3(ISL,ISA)=WNO3(ISL,ISA)-UN(ISL)

          WNMU(ISL,ISA)=WNMU(ISL,ISA)-UU

          IF(DRW<0.)THEN      

              UTO=RWT(ISL,JJK,ISA)/RWL

              X1=-DRW*UTO

              X2=MIN(UN1(JJK,ISA),1000.*BN(3,JJK)*X1)

              CALL NCNSTD(X1,X2,ISL)

              UN1(JJK,ISA)=UN1(JJK,ISA)-X2

          ELSE

              UTO=UW(ISL)/(AEP(JJK)+1.E-20)

          END IF

          SWST(ISL,ISA)=MAX(1.E-10,SWST(ISL,ISA)-UW(ISL))

          X1=WPML(ISL,ISA)+WPMU(ISL,ISA)

          IF(X1>UP(ISL))THEN

              X2=WPML(ISL,ISA)/X1

              WPML(ISL,ISA)=WPML(ISL,ISA)-UP(ISL)*X2

              WPMU(ISL,ISA)=WPMU(ISL,ISA)-UP(ISL)*(1.-X2)

          ELSE

              UP(ISL)=X1

              WPML(ISL,ISA)=0.

              WPMU(ISL,ISA)=0.

          END IF

          X1=SOLK(ISL,ISA)+WKMU(ISL,ISA)

          IF(X1>UP(ISL))THEN

              X2=SOLK(ISL,ISA)/X1

              SOLK(ISL,ISA)=SOLK(ISL,ISA)-UK(ISL)*X2

              WKMU(ISL,ISA)=WKMU(ISL,ISA)-UK(ISL)*(1.-X2)

          ELSE

              UP(ISL)=X1

              SOLK(ISL,ISA)=0.

              WKMU(ISL,ISA)=0.

          END IF

          RWT(ISL,JJK,ISA)=RWT(ISL,JJK,ISA)+DRW*UTO

          SUM=SUM+RWT(ISL,JJK,ISA)

      END DO

      RW(JJK,ISA)=SUM

      !AD2=0.

      !AD3=0.

      !DO K=1,NBSL(ISA)

          !ISL=LID(K,ISA)

          !AD2=AD2+ST(ISL,ISA)

          !AD3=AD3+UW(ISL)

      !END DO

      !DF=AD1-AD2-AD3

      !IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,AD3,DF

    !1 FORMAT(5X,'CAGRO',3I4,10E13.5)  

      RETURN

      END






src/CAHU.f90

      FUNCTION CAHU(J,K,BASE,NHS)

!     APEX1501

!     THIS SUBPROGRAM ACCUMULATES HEAT UNITS FOR USE IN CPTHU.

      USE PARM

      CAHU=0.

      MO=1

      DO JDA=J,K

          CALL AXMON

          IF(JDHU<=366)THEN

              CALL WHLRMX(JDA)

              IF(HRLT<WDRM(ISA).AND.NHS==0)CYCLE

          END IF

          TA=ARALT(TAV,XX)

          TGX=TA-BASE

          IF(TGX>0.)CAHU=CAHU+TGX

      END DO

      RETURN

      END






src/CCONI.f90

      SUBROUTINE CCONI

      ! APEX1501

      ! THIS SUBPROGRAM DOES AN INITIAL PARTITION EACH GAS CONC. IN AIR 

      ! INTO GAS CONCENTRATION IN AIR AND LIQUID PHASE AND THEN

      ! CALCULATES THE TOTAL GAS CONCENTRATION (G/M3 SOIL)

      ! IT IS AN APPROXIMATION AND SHOULD BE CALCULATED ONLY ONCE AT THE

      ! BEGINNING OF EACH SIMULATION - RCI - 7/19/09

      USE PARM                                                                       

      DO J=1,NBCL

	      CLO2(J,ISA)=CGO2(J,ISA)/HKPO(J,ISA)	

	      CLCO2(J,ISA)=CGCO2(J,ISA)/HKPC(J,ISA)

	      CLN2O(J,ISA)=CGN2O(J,ISA)/HKPN(J,ISA)	

	      AO2C(J,ISA)=CGO2(J,ISA)*AFP(J,ISA)+CLO2(J,ISA)*VWC(J,ISA)

	      ACO2C(J,ISA)=CGCO2(J,ISA)*AFP(J,ISA)+CLCO2(J,ISA)*VWC(J,ISA)

	      AN2OC(J,ISA)=CGN2O(J,ISA)*AFP(J,ISA)+CLN2O(J,ISA)*VWC(J,ISA)

	  END DO

	  RETURN

      END






src/CFRG.f90

      SUBROUTINE CFRG(I,J,F,STRX,X,JRT)

!     APEX1501

!     THIS SUBPROGRAM DETERMINES MINIMUM STRESS FACTORS FOR ROOT AND

!     TOTAL BIOMASS GROWTH.

      JRT=0

      IF(F<STRX)THEN

          STRX=MAX(0.,F)

          J=I

          IF(STRX<=X)JRT=1

      END IF

      RETURN

      END






src/CGROW.f90

      SUBROUTINE CGROW(JRT)

!     APEX1501

!     THIS SUBPROGRAM CALCUALTES LEAF AREA INDEX, HEAT UNITS, ROOT DEPTH

!     AND TEMPERATURE STRESS FOR THE CROP.

      USE PARM

!	  DIMENSION SLA0(MNC,MSA),XDLA0(MNC,MSA) 

      JRT=0

	    X1=DM(JJK,ISA)+1.E-10 

      CPR=UP1(JJK,ISA)/X1

      CNR=UN1(JJK,ISA)/X1

      AJWA=1.

      XPHU=PHU(JJK,IHU(JJK,ISA),ISA)

      TGX=MAX(0.,TX-TBSC(JJK))

      HU(JJK,ISA)=HU(JJK,ISA)+TGX

      IF(JDA==JDHU.AND.IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC&

      (JJK)/=NDC(10))HU(JJK,ISA)=XPHU*PRMT(26)

      HUI(JJK,ISA)=HU(JJK,ISA)/XPHU

      IF(HU(JJK,ISA)>XPHU)THEN

          WCYD=MAX(WCY(JJK),WCYD-EO*.002)

          IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))THEN

              HU(JJK,ISA)=0.

              JRT=2

          ELSE

              IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

                  JRT=0

                  HU(JJK,ISA)=.9*HU(JJK,ISA)

              ELSE

                  JRT=1

              END IF

          END IF

          RETURN

      END IF

      NGD(JJK,ISA)=NGD(JJK,ISA)+1

      X1=HUI(JJK,ISA)

      IF(SCLM(36)>0.)X1=MIN(HUI(JJK,ISA),SCLM(36))

      F2=X1/(X1+EXP(DLAP(1,JJK)-DLAP(2,JJK)*X1))

      IF(IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          X1=HSM(ISA)/AHSM

          IF(SCLM(36)>0.)X1=MIN(X1,SCLM(36))

          F1=X1/(X1+EXP(DLAP(1,JJK)-DLAP(2,JJK)*X1))

	      F=F1

          XLAI(JJK,ISA)=MAX(.1,DMLX(JJK)*F2)

      ELSE

          F=F2    

      END IF

      IF(IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(10))THEN

          F3=HUI(JJK,ISA)

	  ELSE

          F3=SQRT(F2+1.E-10) 

	  END IF

      FF=F-WLV(JJK,ISA)

      XX=FF*XLAI(JJK,ISA)

      X2=1.

      SLAX=0.

      X3=(SLAI(JJK,ISA)+.001)*CPHT(JJK,ISA)

      IF(IGO(ISA)==1)THEN

          SUM=X3

          TOT=STL(JJK,ISA)

          ADD=SLAI(JJK,ISA)

      ELSE

          SUM=0.

	      TOT=0.

	      ADD=0.

          DO I=1,IGO(ISA)

              K1=JE(I,ISA)

              IF(SLAI(K1,ISA)>SLAX)SLAX=SLAI(K1,ISA)

	          TOT=TOT+STL(K1,ISA)

              SUM=SUM+SLAI(K1,ISA)*CPHT(K1,ISA)

              ADD=ADD+SLAI(K1,ISA)

          END DO

          IF(SLAX>2.)X2=X3/SUM

	  END IF

      IF(XX>0.)THEN

          X1=XX*X2*(1.+HR1)**3

          IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))&

          X1=X1*SQRT(REG(JJK,ISA))*SHRL

          SLAI(JJK,ISA)=MIN(XLAI(JJK,ISA),SLAI(JJK,ISA)+X1)

      END IF

      WLV(JJK,ISA)=F

      IF(SLAI(JJK,ISA)<.05)THEN

          SLAI(JJK,ISA)=.05

      ELSE    

          !CPHT(JJK,ISA)=MAX(CPHT(JJK,ISA),HMX(JJK)*F3*REG(JJK,ISA))

          FF=MAX(0.,F3-WCHT(JJK,ISA))

          CPHT(JJK,ISA)=MIN(HMX(JJK),CPHT(JJK,ISA)+FF*HMX(JJK)*REG(JJK,ISA))

          IF(HUI(JJK,ISA)>XDLAI(JJK).AND.HRLT>HLMN(ISA).AND.XDLA0(JJK,ISA)>0.)THEN

              XX=(1.-HUI(JJK,ISA))/XDLA0(JJK,ISA)

              IF(XX>1.E-5)THEN

                  XX=LOG10(XX)

              ELSE

                  XX=-5.

              END IF 

              IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))THEN

                  RTO=RLAD(JJK)*XX

                  IF(RTO<-10.)RTO=-10.

                  SLAI(JJK,ISA)=MIN(SLAI(JJK,ISA),SLA0(JJK,ISA)*10.**RTO)

                  SLAI(JJK,ISA)=MAX(.05,SLAI(JJK,ISA))

              END IF 

              RTO=RBMD(JJK)*XX

              IF(RTO<-10.)RTO=-10.

              AJWA=10.**RTO  

          ELSE    

              XDLA0(JJK,ISA)=1.-XDLAI(JJK)

              SLA0(JJK,ISA)=SLAI(JJK,ISA)

          END IF

      END IF

      WCHT(JJK,ISA)=F3

      XX=MAX(CPHT(JJK,ISA),RD(JJK,ISA),2.5*RDMX(JJK)*HUI(JJK,ISA))

      RD(JJK,ISA)=MIN(RDMX(JJK),Z(LID(NBSL(ISA),ISA),ISA),XX)

      IF(SCLM(23)>0.)ADD=MIN(ADD,SCLM(23))

	  FGC(ISA)=ADD/(ADD+EXP(SCRP(23,1)-SCRP(23,2)*ADD))

      IF(SCLM(24)>0.)TOT=MIN(TOT,SCLM(24))

	  FGSL(ISA)=TOT/(TOT+EXP(SCRP(24,1)-SCRP(24,2)*TOT))

      X1=HUI(JJK,ISA)

      IF(SCLM(32)>0.)X1=MIN(X1,SCLM(32))

      CLG(ISA)=BLG(3,JJK)*X1/(X1+EXP(BLG(1,JJK)-BLG(2,JJK)*X1))

      RTO=TGX/(TOPC(JJK)-TBSC(JJK))

      IF(RTO<2..AND.TGX>0.)THEN

          !REG(JJK,ISA)=(SIN(1.5707*RTO))**PRMT(95)

          REG(JJK,ISA)=SIN(1.5707*RTO)

      ELSE

          REG(JJK,ISA)=0.

      END IF

      SHRL=1.

      FHR=0.

      ! WINTER DORMANCY & FROST

      IF(HRLT+1.E-5<WDRM(ISA))THEN

          SHRL=0.

          FHR=1.-HRLT/WDRM(ISA)

      ELSE

          SRA(JJK,ISA)=SRA(JJK,ISA)+SRAD(IRF(ISA))

      END IF

      ! NO EFFECT ON EVERGREEN TREES

      IF(IDC(JJK)/=NDC(7))THEN

          IF(TMN(IRF(ISA))<-1.)THEN

              XX=ABS(TMN(IRF(ISA)))

              IF(SCLM(37)>0.)XX=MIN(XX,SCLM(37))

              F=XX/(XX+EXP(FRST(1,JJK)-FRST(2,JJK)*XX))

              F=MAX(F,FHR)

          ELSE    

              F=FHR

          END IF   

          IF(F>0.)THEN

              ! ONLY LAI REDUCED FOR DECIDUOUS TREES

              IF(IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))THEN

                  IF(STL(JJK,ISA)>.01)THEN

                      XX=F*STL(JJK,ISA)

                      STL(JJK,ISA)=STL(JJK,ISA)-XX

                      DM(JJK,ISA)=DM(JJK,ISA)-XX

                      STD(JJK,ISA)=STD(JJK,ISA)+XX

                      STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*XX

                      XY=XX*CNR

                      XZ=XX*CPR

                      XUN=UN1(JJK,ISA)

                      IF(XUN-XY<.01)XY=XUN-.01

                      XUP=UP1(JJK,ISA)

                      IF(XUP-XZ<.01)XZ=XUP-.01

                      STDN(JJK,ISA)=STDN(JJK,ISA)+XY

                      STDP(JJK,ISA)=STDP(JJK,ISA)+XZ

                      UN1(JJK,ISA)=XUN-XY

                      UP1(JJK,ISA)=XUP-XZ

                  END IF

                  IF(F*(1.-SNOF)>.99)THEN

                      IF(IDC(JJK)/=NDC(3).AND.IDC(JJK)/=NDC(6))CALL TRDST

                  END IF

              END IF

              SLAI(JJK,ISA)=SLAI(JJK,ISA)*(1.-F)    

          END IF    

      END IF    

      IF(REG(JJK,ISA)>0.)RETURN

      SFCP(5,JJK,ISA)=SFCP(5,JJK,ISA)+1.

      SFMO(5,JJK,ISA)=SFMO(5,JJK,ISA)+1.

      SMMC(14,JJK,MO,ISA)=SMMC(14,JJK,MO,ISA)+1.

      SMMC(17,JJK,MO,ISA)=SMMC(17,JJK,MO,ISA)+1.

      VARC(17,JJK,ISA)=0.

      JRT=1

      RETURN

      END






src/CPTBL.f90

      SUBROUTINE CPTBL

!     APEX1501

!     THIS SUBPROGRAM READS CROP TABLE TO DETERMINE CROP PARAMETERS

      USE PARM

      DIMENSION YTP(57)

      YTP=0.

      L=1

      IF(LC>0)THEN

          DO L=1,LC

              IF(KDC(L)==JX(6))EXIT

          END DO

      END IF

      IF(L>LC)THEN

          LC=LC+1

          KDC1(JX(6))=LC

          KDC(LC)=JX(6)

          XMTU(LC)=JX(7)

          ! READ CROP DATA

          ! CPNM = NAMES OF CROPS IN CROP PARAMETER TABLE

          ! 1  WA   = BIOMASS/ENERGY(kg/ha/MJ)(FOR CO2 = 330 ppm)

          ! 2  HI   = HARVEST INDEX(CROP YIELD/ABOVE GROUND BIOMASS)

          ! 3  TB   = OPTIMAL TEMP FOR PLANT GROWTH(c)

          ! 4  TG   = MIN TEMP FOR PLANT GROWTH(c)

          ! 5  DMLA = MAX LEAF AREA INDEX

          ! 6  DLAI = FRACTION OF GROWING SEASON WHEN LEAF AREA STARTS DECLINING

          ! 7  DLAP(= LAI DEVELOPMENT PARMS--NUMBERS BEFORE DECIMAL = %

          ! 8   1,2)  OF GROWING SEASON .  NUMBERS AFTER DDECIMAL = FRACTION OF

          !           DMLA AT GIVEN %.

          ! 9  RLAD = LAI DECLINE RATE FACTOR.

          !10  RBMD = WA  DECLINE RATE FACTOR.

          !11  ALT  = ALUMINUM TOLERANCE INDEX(1-5)1=SENSITIVE, 5=TOLERANT

          !12  GSI  = MAX STOMATAL CONDUCTANCE(DROUGTH TOLERANT PLANTS HAVE

          !           LOW VALUES.)

          !13  CAF  = CRITICAL AERATION FACTOR(SW/POR > CAF CAUSES AIR STRESS)

          !14  SDW  = SEEDING RATE(kg/ha)

          !15  HMX  = MAX CROP HEIGHT(m)

          !16  RDMX = MAX ROOT DEPTH(m)

          !17  WAC2 = NUMBER BEFORE DECIMAL = CO2 CONC IN FUTURE ATMOSPHERE

          !           (ppm).  NUMBER AFTER DECIMAL = RESULTING WA VALUE.

          !18  CNY  = N FRACTION OF YIELD(KG/KG)

          !19  CPY  = P FRACTION OF YIELD(KG/KG)

          !20  CKY  = K FRACTION OF YIELD (KG/KG)

          !21  WSYF = LOWER LIMIT OF HARVEST INDEX

          !22  PST  = PEST(INSECTS,WEEDS,AND DISEASE)FACTOR(0-1)

          !23  CSTS = SEED COST($/KG)

          !24  PRYG = PRICE FOR SEED YIELD ($/t)

          !25  PRYF = PRICE FOR FORAGE YIELD ($/t)

          !26  WCY  = FRACTION WATER IN YIELD.

          !27-29BN   = N FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.0

          !30-32BP   = P FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.

          !33-35BK   = K FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.

          !36-38BW   = WIND EROSION FACTORS FOR STANDING LIVE, STANDING DEAD,

          !            AND FLAT RESIDUE

          !39  IDC  = CROP ID NUMBERS. USED TO PLACE CROPS IN CATEGORIES

          !           1 FOR WARM SEASON ANNUAL LEGUME

          !           2 FOR COLD SEASON ANNUAL LEGUME

          !           3 FOR PERENNIAL LEGUME

          !           4 FOR WARM SEASON ANNUAL

          !           5 FOR COLD SEASON ANNUAL

          !           6 FOR PERENNIAL

          !           7 FOR EVERGREEN TREES

          !           8 FOR DECIDUOUS TREES

          !           9 FOR COTTON

          !          10 FOR LEGUME TREES

          !40/ FRST(= FROST DAMAGE PARMS--NUMBERS BEFORE DECIMAL = TMN(DEG C1,2)

          !           NUMBERS AFTER DECIMAL = FRACTION YLD LOST WHEN GIVEN TMN

          !           IS EXPERIENCED.

          !42  WAVP = PARM RELATING VAPOR PRESSURE DEFFICIT TO WA

          !43  VPTH = THRESHOLD VPD (KPA)(F=1.

          !44  VPD2 = NUMBER BEFORE DECIMAL = VPD VALUE (KPA).  NUMBER AFTER

          !           DECIMAL = F2 < 1.

          !45  RWPC1= ROOT WEIGHT/BIOMASS PARTITIONING COEF

          !46  RWPC2= ROOT WEIGHT/BIOMASS PARTITIONING COEF

          !47  GMHU = HEAT UNITS REQUIRED FOR GERMINATION

          !48  PPLP1= PLANT POP PARM--NUMBER BEFORE DECIMAL = # PLANTS

          !           NO AFTER DEC = FRACTION OF MAX LAI

          !49  PPLP2= 2ND POINT ON PLANT POP-LAI CURVE. PPLP1<PPLP2--PLANTS/M2

          !                                             PPLP1>PPLP2--PLANTS/HA

          !50  STX1 = YLD DECREASE/SALINITY INCREASE ((t/ha)/(mmho/cm))

          !51  STX2 = SALINITY THRESHOLD (mmho/cm)

          !52  BLG1 = LIGNIN FRACTION IN PLANT AT .5 MATURITY

          !53  BLG2 = LIGNIN FRACTION IN PLANT AT MATURITY

          !54  WUB  = WATER USE CONVERSION TO BIOMASS(t/mm)

          !55  FTO  = FRACTION TURNOUT (COTTON LINT/STRIPPER YLD)

          !56  FLT  = FRACTION LINT (COTTON LINT/PICKER YLD)

          !57  EXTC = LIGHT LIGHT EXTINCTION COEFFICIENT

          READ(KR(4),'()')

          READ(KR(4),'()')

          J2=-10

          DO WHILE(J2/=JX(6))

             READ(KR(4),3420,IOSTAT=NFL)J2,CPNM(LC),(YTP(L),L=1,56)

              IF(NFL/=0)THEN

                  WRITE(*,*)'CROP NO = ',JX(6),' NOT IN CROP LIST FILE     &

                  SAID = ',NBSA(ISA)

                  STOP       

	          END IF

          END DO

          WA(LC)=YTP(1)

          WAI(LC)=WA(LC)

          HI(LC)=YTP(2)

          TOPC(LC)=YTP(3)

          TBSC(LC)=YTP(4)

          DMLA(LC)=YTP(5)

          DLAI(LC)=YTP(6)

          DLAP(1,LC)=YTP(7)

          DLAP(2,LC)=YTP(8)

          RLAD(LC)=YTP(9)

          RBMD(LC)=YTP(10)

          ALT(LC)=YTP(11)

          GSI(LC)=YTP(12)

          CAF(LC)=YTP(13)

          SDW(LC)=YTP(14)

          HMX(LC)=YTP(15)

          RDMX(LC)=YTP(16)

          WAC2(2,LC)=YTP(17)      

          CNY(LC)=YTP(18)

          CPY(LC)=YTP(19)

          CKY(LC)=YTP(20)

          WSYF(LC)=YTP(21)

          PST(LC)=YTP(22)

          CSTS(LC)=YTP(23)

          PRYG(LC)=YTP(24)

          PRYF(LC)=YTP(25)

          WCY(LC)=YTP(26)

          BN(1,LC)=YTP(27)

          CNT(LC,ISA)=YTP(27)

          BN(2,LC)=YTP(28)

          BN(3,LC)=YTP(29)

          BP(1,LC)=YTP(30)

          BP(2,LC)=YTP(31)

          BP(3,LC)=YTP(32)

          BK(1,LC)=YTP(33)

          BK(2,LC)=YTP(34)

          BK(3,LC)=YTP(35)

          BWN(1,LC)=YTP(36)

          BWN(2,LC)=YTP(37)

          BWN(3,LC)=YTP(38)

          IDC(LC)=YTP(39)

          FRST(1,LC)=YTP(40)

          FRST(2,LC)=YTP(41)

          WAVP(LC)=YTP(42)

          VPTH(LC)=YTP(43)

          VPD2(LC)=YTP(44)

          RWPC(1,LC)=YTP(45)

          RWPC(2,LC)=YTP(46)

          GMHU(LC)=YTP(47)

          PPLP(1,LC)=YTP(48)

          PPLP(2,LC)=YTP(49)

          STX(1,LC)=YTP(50)

          STX(2,LC)=YTP(51)

          BLG(1,LC)=YTP(52)

          BLG(2,LC)=YTP(53)

	      FTO(LC)=YTP(55)

	      FLT(LC)=YTP(56)

!	      IF(YTP(63)>0)EXTC(LC)=YTP(63)

          REWIND KR(4)

          X1=.6*BK(1,LC)

          IF(BK(2,LC)>X1)BK(2,LC)=X1

          X1=.8*BK(2,LC)

          IF(BK(3,LC)>X1)BK(3,LC)=X1

      END IF    

      JJK=KDC1(JX(6))

      IHU(JJK,ISA)=IHU(JJK,ISA)+1

      PHU(JJK,IHU(JJK,ISA),ISA)=OPV(1)

      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          IF(XMTU(JJK)<1.)XMTU(JJK)=30.

          PHU(JJK,IHU(JJK,ISA),ISA)=CAHU(1,365,TBSC(JJK),0)*XMTU(JJK)

          XMTU(JJK)=(1.-EXP(-FTO(JJK)/XMTU(JJK)))/144.

      END IF

      Y1=PPLP(1,JJK)

      Y2=PPLP(2,JJK)

      IF(Y2>Y1)THEN

          X4=Y1

          X5=Y2

      ELSE

          X4=Y2

          X5=Y1

      END IF 

      X1=ASPLT(X4)

      X2=ASPLT(X5)

      CALL ASCRV(X4,X5,X1,X2,SCLM,31,KW(1))

      PPCF(1,JJK)=X4

      PPCF(2,JJK)=X5

	  IF(OPV(5)>0.)THEN

          X3=OPV(5)

      ELSE          

	      G1=X2

	      DO IT=1,10

              Z1=EXP(X4-X5*G1)

	          Z2=G1+Z1

              FU=G1/Z2-.9

	          IF(ABS(FU)<1.E-5)EXIT

	          DFDU=Z1*(1.+X5*G1)/(Z2*Z2)

		      X1=FU/DFDU

		      X2=ABS(X1)

	          X3=.1*G1

	          IF(X2>X3)X1=X3*X1/X2

		      G1=G1-X1

          END DO

	      IF(IT>10)WRITE(KW(1),5)

          X3=G1

      END IF

      IF(SCLM(31)>0.)X3=MIN(X3,SCLM(31))

      PPLA(JJK,IHU(JJK,ISA),ISA)=DMLA(JJK)*X3/(X3+EXP(X4-X5*X3))

      POP(JJK,IHU(JJK,ISA),ISA)=X3

	  PHUX(JJK)=PHU(JJK,IHU(JJK,ISA),ISA)

	  PLAX(JJK)=PPLA(JJK,IHU(JJK,ISA),ISA)

	  POPX(JJK)=X3

     

      !Calculate 95% of DMLA for wind erosion. Jaehak 2019

    if (wnd_op>0) then



      fu1=X2/(X2+EXP(X4-X5*X2))

      FU = 0.95 / (X2/(X2+EXP(X4-X5*X2)))

      IF (ABS(ABS(FU)-1.)<0.001) THEN

          PPLP_MAX(JJK)= X2

      ELSE

          

	      G1=X2

	      DO IT=1,10

              Z1=EXP(X4-X5*G1)

	          Z2=G1+Z1

              FU=G1/Z2-.95

	          IF(ABS(FU)<1.E-5)EXIT

	          DFDU=Z1*(1.+X5*G1)/(Z2*Z2)

		      X1=FU/DFDU

		      X2=ABS(X1)

	          X3=.1*G1

	          IF(X2>X3)X1=X3*X1/X2

		      G1=G1-X1

          END DO

	        IF(IT>10)  WRITE(KW(1),5)

       

          PPLP_MAX(JJK)=G1



      ENDIF

    endif



      IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))IRP(ISA)=1

	  RETURN

    5 FORMAT(5X,'!!!!! PLANT POP DID NOT CONVERGE')

 3420 FORMAT(1X,I4,1X,A4,57F8.0)

      END






src/CRGBD.f90

      SUBROUTINE CRGBD(RGS)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES ROOT GROWTH STRESSES CAUSED BY

!     TEMPERATURE,  ALUMINUM TOXICITY, AND SOIL STRENGTH AND DETERMINES

!     THE ACTIVE CONSTRAINT ON ROOT GROWTH(THE MINIMUM STRESS FACTOR).

      USE PARM

      RGS=1.

      IF(PRMT(2)>1.99)RETURN

      II=3

      XX=2.*STMP(ISL,ISA)/(TOPC(JJK)+TBSC(JJK))

      IF(XX<1.E-10)THEN

          RGS=0.

      ELSE  

          IF(XX<1.)RGS=XX**PRMT(41)

          A0=10.+(ALT(JJK)-1.)*20.

          IF(ALS(ISL,ISA)>A0)THEN

              F=(100.-ALS(ISL,ISA))/(100.-A0)

              CALL CFRG(2,II,F,RGS,.1,JRT)

              IF(JRT==0)THEN

                  CALL SBDSC(BDP(ISL,ISA),PRMT(2),F,ISL,3)

                  XX=ROK(ISL,ISA)

                  IF(SCLM(1)>0.)XX=MIN(XX,SCLM(1))

                  F=F*(1.-XX/(XX+EXP(SCRP(1,1)-SCRP(1,2)*XX)))

                  CALL CFRG(1,II,F,RGS,.1,JRT)

              END IF

          END IF    

      END IF

      STDA(II,JJK,ISA)=STDA(II,JJK,ISA)+(1.-RGS)/NBSL(ISA)

      RETURN

      END






src/CROP.f90

      SUBROUTINE CROP

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY POTENTIAL GROWTH OF TOTAL PLANT

!     BIOMASS AND ROOTS.

      USE PARM

      IF(ROSP(ISA)>0.)THEN

          XX=.685-.209*ROSP(ISA)

      ELSE

          XX=EXTC(JJK)

      END IF

      PAR=.0005*SRAD(IRF(ISA))*(1.-EXP(-XX*SLAI(JJK,ISA)))

      X1=MAX(VPD-1.,-.5)

      XX=WA(JJK)-WAVP(JJK)*X1

      X2=MAX(1.,HRLT/12.)

      DDM(JJK)=MAX(0.,XX*PAR)*X2

      DM(JJK,ISA)=DM(JJK,ISA)+DDM(JJK)

      RETURN

      END






src/CRPIO.f90

      SUBROUTINE CRPIO

!     THIS SUBPROGRAM WRITES INPUT CROP PARAMETERS.

      USE PARM

      IF(KFL(1)>0)THEN

          CALL APAGE(0)

          WRITE(KW(1),11)

          WRITE(KW(1),1)(CPNM(I),I=1,LC)

          WRITE(KW(1),6)'WA',(WA(I),I=1,LC)

          WRITE(KW(1),7)'HI',(HI(I),I=1,LC)

          WRITE(KW(1),6)'TB',(TOPC(I),I=1,LC)

          WRITE(KW(1),6)'TG',(TBSC(I),I=1,LC)

          WRITE(KW(1),7)'DMLA',(DMLA(I),I=1,LC)

          WRITE(KW(1),7)'DLAI',(DLAI(I),I=1,LC)

          WRITE(KW(1),8)'LAP1',(DLAP(1,I),I=1,LC)

          WRITE(KW(1),8)'LAP2',(DLAP(2,I),I=1,LC)

          WRITE(KW(1),8)'PPL1',(PPLP(1,I),I=1,LC)

          WRITE(KW(1),8)'PPL2',(PPLP(2,I),I=1,LC)

          WRITE(KW(1),8)'FRS1',(FRST(1,I),I=1,LC)

          WRITE(KW(1),8)'FRS2',(FRST(2,I),I=1,LC)

          WRITE(KW(1),7)'RLAD',(RLAD(I),I=1,LC)

          WRITE(KW(1),7)'RBMD',(RBMD(I),I=1,LC)

          WRITE(KW(1),6)'ALT',(ALT(I),I=1,LC)

          WRITE(KW(1),7)'CAF',(CAF(I),I=1,LC)

          WRITE(KW(1),9)'GSI',(GSI(I),I=1,LC)

          WRITE(KW(1),7)'WAC2',(WAC2(2,I),I=1,LC)

          WRITE(KW(1),6)'WAVP',(WAVP(I),I=1,LC)

          WRITE(KW(1),6)'VPTH',(VPTH(I),I=1,LC)

          WRITE(KW(1),7)'VPD2',(VPD2(I),I=1,LC)

          WRITE(KW(1),6)'SDW',(SDW(I),I=1,LC)

          WRITE(KW(1),7)'HMX',(HMX(I),I=1,LC)

          WRITE(KW(1),7)'RDMX',(RDMX(I),I=1,LC)

          WRITE(KW(1),8)'RWP1',(RWPC(1,I),I=1,LC)

          WRITE(KW(1),8)'RWP2',(RWPC(2,I),I=1,LC)

          WRITE(KW(1),6)'GMHU',(GMHU(I),I=1,LC)      

          WRITE(KW(1),9)'CNY',(CNY(I),I=1,LC)

          WRITE(KW(1),9)'CPY',(CPY(I),I=1,LC)

          WRITE(KW(1),9)'CKY',(CKY(I),I=1,LC)

          WRITE(KW(1),9)'WSYF',(WSYF(I),I=1,LC)

          WRITE(KW(1),7)'PST',(PST(I),I=1,LC)

          WRITE(KW(1),7)'CSTS',(CSTS(I),I=1,LC)

          WRITE(KW(1),7)'PRYG',(PRYG(I),I=1,LC)

          WRITE(KW(1),7)'PRYF',(PRYF(I),I=1,LC)

          WRITE(KW(1),7)'WCY',(WCY(I),I=1,LC)

          WRITE(KW(1),9)'BN1',(BN(1,I),I=1,LC)

          WRITE(KW(1),9)'BN2',(BN(2,I),I=1,LC)

          WRITE(KW(1),9)'BN3',(BN(3,I),I=1,LC)

          WRITE(KW(1),9)'BP1',(BP(1,I),I=1,LC)

          WRITE(KW(1),9)'BP2',(BP(2,I),I=1,LC)

          WRITE(KW(1),9)'BP3',(BP(3,I),I=1,LC)

          WRITE(KW(1),9)'BK1',(BK(1,I),I=1,LC)

          WRITE(KW(1),9)'BK2',(BK(2,I),I=1,LC)

          WRITE(KW(1),9)'BK3',(BK(3,I),I=1,LC)

          WRITE(KW(1),8)'BW1',(BWN(1,I),I=1,LC)

          WRITE(KW(1),8)'BW2',(BWN(2,I),I=1,LC)

          WRITE(KW(1),8)'BW3',(BWN(3,I),I=1,LC)

          WRITE(KW(1),8)'STX1',(STX(1,I),I=1,LC)

          WRITE(KW(1),8)'STX2',(STX(2,I),I=1,LC)

          WRITE(KW(1),8)'BLG1',(BLG(1,I),I=1,LC)

          WRITE(KW(1),8)'BLG2',(BLG(2,I),I=1,LC)

          WRITE(KW(1),8)'FTO ',(FTO(I),I=1,LC)

          WRITE(KW(1),8)'FLT ',(FLT(I),I=1,LC)

          WRITE(KW(1),10)'IDC',(IDC(I),I=1,LC)

      END IF    

      IPL=0

      DO J=1,LC

          BLG(3,J)=BLG(2,J)

          BLG(1,J)=BLG(1,J)/BLG(2,J)

          BLG(2,J)=.99

          CALL ASCRV(BLG(1,J),BLG(2,J),.5,1.,SCLM,32,KW(1))

          IF(NUPC>0)THEN

              BN(4,J)=BN(1,J)

              X1=BN(1,J)-BN(3,J)

              BN(1,J)=1.-(BN(2,J)-BN(3,J))/X1

              BN(2,J)=1.-.00001/X1

              CALL ASCRV(BN(1,J),BN(2,J),.5,1.,SCLM,33,KW(1))

              BP(4,J)=BP(1,J)

              X1=BP(1,J)-BP(3,J)

              BP(1,J)=1.-(BP(2,J)-BP(3,J))/X1

              BP(2,J)=1.-.00001/X1

              CALL ASCRV(BP(1,J),BP(2,J),.5,1.,SCLM,34,KW(1))

              BK(4,J)=BK(1,J)

              X1=BK(1,J)-BK(3,J)

              BK(1,J)=1.-(BK(2,J)-BK(3,J))/X1

              BK(2,J)=1.-.00001/X1

              CALL ASCRV(BK(1,J),BK(2,J),.5,1.,SCLM,35,KW(1))

          ELSE

              CALL NCONC(BN(1,J),BN(2,J),BN(3,J),BN(4,J),KW,MSO)

              CALL NCONC(BP(1,J),BP(2,J),BP(3,J),BP(4,J),KW,MSO)

              CALL NCONC(BK(1,J),BK(2,J),BK(3,J),BK(4,J),KW,MSO)

          END IF    

          X1=ASPLT(DLAP(1,J))*.01

          X2=ASPLT(DLAP(2,J))*.01

          CALL ASCRV(DLAP(1,J),DLAP(2,J),X1,X2,SCLM,36,KW(1))

          X1=ASPLT(FRST(1,J))

          X2=ASPLT(FRST(2,J))

          CALL ASCRV(FRST(1,J),FRST(2,J),X1,X2,SCLM,37,KW(1))

          WAC2(1,J)=.01

          X2=ASPLT(WAC2(2,J))

          WAX(J)=100.*WAC2(2,J)-WAI(J)

          WAC2(2,J)=.9

          CALL ASCRV(WAC2(1,J),WAC2(2,J),330.,X2,SCLM,38,KW(1))

          X2=ASPLT(VPD2(J))

          VPD2(J)=(1.-VPD2(J))/(X2-VPTH(J))

      END DO

      IF(KFL(1)>0)THEN

          CALL APAGE(0)

          WRITE(KW(1),11)

          WRITE(KW(1),1)(CPNM(I),I=1,LC)

          WRITE(KW(1),9)'LAP1',(DLAP(1,I),I=1,LC)

          WRITE(KW(1),9)'LAP2',(DLAP(2,I),I=1,LC)

          WRITE(KW(1),9)'PPC1',(PPCF(1,I),I=1,LC)

          WRITE(KW(1),9)'PPC2',(PPCF(2,I),I=1,LC)

          WRITE(KW(1),9)'FRS1',(FRST(1,I),I=1,LC)

          WRITE(KW(1),9)'FRS2',(FRST(2,I),I=1,LC)

          WRITE(KW(1),9)'WAC1',(WAC2(1,I),I=1,LC)

          WRITE(KW(1),9)'WAC2',(WAC2(2,I),I=1,LC)

          WRITE(KW(1),9)'BLG1',(BLG(1,I),I=1,LC)

          WRITE(KW(1),9)'BLG2',(BLG(2,I),I=1,LC)

      END IF    

      RETURN

    1 FORMAT(10X,100(6X,A4))

    6 FORMAT(T7,A4,100F10.1)

    7 FORMAT(T7,A4,100F10.2)

    8 FORMAT(T7,A4,100F10.3)

    9 FORMAT(T7,A4,100F10.4)

   10 FORMAT(T7,A4,100I10)

   11 FORMAT(//1X,'____________________CROP PARAMETERS__________________&

      __'/)

      END






src/CSTRS.f90

      SUBROUTINE CSTRS

!     APEX1501

!     THIS SUBPROGRAM CALCULATES PLANT STRESS FACTORS CAUSED BY LIMITED

!     N, P, AIR, AND WATER AND DETERMINES THE ACTIVE CONSTRAINT

!    (MINIMUM STRESS FACTOR--N, P, WATER, OR TEMPERATURE).  CALLS

!     NFIX AND NFERT(AUTOMATIC FERTILIZER OPTION).

      USE PARM

      J3=5

      IF(EP(JJK)>0.)THEN

          IF(RZSW(ISA)>0.)THEN

              WS(ISA)=100.*RZSW(ISA)/PAW(ISA)

              X1=WS(ISA)

              IF(SCLM(17)>0.)X1=MIN(X1,SCLM(17))

              WS(ISA)=X1/(X1+EXP(SCRP(17,1)-SCRP(17,2)*X1))

          ELSE

              WS(ISA)=0.

          END IF          

          WS(ISA)=(1.-PRMT(38))*WS(ISA)+PRMT(38)*AEP(JJK)/(EP(JJK)+1.E-10)

      END IF

      WFX=0.

      II=IDC(JJK)

      IF(II==NDC(1).OR.II==NDC(2).OR.II==NDC(3).OR.II==NDC(10))CALL NFIX

      SUX=SUN 

      CALL NAJN(UN,WNO3,UNM,SUX,1.,0)

	  SUN=SUX

	  X1=SUN/(UNM+1.E-10)

      UNM=SUN+WFX

      UN1(JJK,ISA)=UN1(JJK,ISA)+UNM

	  SUX=SUP

      IF(UPM>SUP)CALL NAJN(UP,WPML,UPM,SUX,1.,1)

	  SUP=SUX

      X2=SUP/(UPM+1.E-10)

      UPM=SUP

      UP1(JJK,ISA)=UP1(JJK,ISA)+UPM

      IF(UKM>SUK)CALL NAJN(UK,SOLK,UKM,SUK,1.,1)

      X3=MIN(1.,SUK/(UKM+1.E-10))

      UKM=SUK

      UK1(JJK,ISA)=UK1(JJK,ISA)+UKM

      CALL NUTS(UN1(JJK,ISA),UN2,SN)

      SN=MIN(1.,MAX(X1,SN)) !This limits SN <=1. Jaehak 2016

      CALL NUTS(UP1(JJK,ISA),UP2,SP)

      SP=MIN(1.,MAX(X2,SP)) !This limits SP <=1. Jaehak 2016

      CALL NUTS(UK1(JJK,ISA),UK2,SK)

      !SK=MAX(X3,SK)

      SK=1.

      X1=.15625*ZSLT(ISA)/SW(ISA)

      XX=X1-STX(2,JJK)

      IF(XX>0.)THEN

          SSLT=MAX(0.,1.-STX(1,JJK)*XX)

	  ELSE 

          SSLT=1.

      END IF

      VARC(16,JJK,ISA)=SSLT                                  

      DO

          CALL CFRG(6,J3,SAT,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(1,J3,WS(ISA),REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(3,J3,SP,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(4,J3,SK,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(7,J3,SSLT,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          ZZ=REG(JJK,ISA)

          CALL CFRG(2,J3,SN,ZZ,REG(JJK,ISA),JRT)

          IF(JRT==0)EXIT

          REG(JJK,ISA)=ZZ

          IF(II==NDC(1).OR.II==NDC(2).OR.II==NDC(3))&

          EXIT

          IF(BFT(ISA)<=SN.OR.NDFA(ISA)<IFA(ISA))EXIT

          APMU=FNP(4,ISA)

	      CALL NFERT(APMU,4,IAUF(ISA),KT2,JRT)

	      EXIT

	  END DO    

      XX=1.-REG(JJK,ISA)

      SFMO(J3,JJK,ISA)=SFMO(J3,JJK,ISA)+XX

      SFCP(J3,JJK,ISA)=SFCP(J3,JJK,ISA)+XX

      J1=J3+9

      SMMC(J1,JJK,MO,ISA)=SMMC(J1,JJK,MO,ISA)+XX

	  SMMC(17,JJK,MO,ISA)=SMMC(17,JJK,MO,ISA)+XX

	  VARC(17,JJK,ISA)=REG(JJK,ISA)

      RETURN

      END






src/DUSTDST.f90

      SUBROUTINE DUSTDST

!     APEX1501

!     THIS SUBPROGRAM SETTLES AND DISTRIBUTES PARTICULATE MATTER(DUST) 

!     FROM FEEDYARDS TO SURROUNDING SUBAREAS.

      USE PARM

      DIMENSION NX(MSA)

      DIMENSION DPY(MSA),WDRX(16)

      DATA A90/1.5708/,A180/3.1416/,A270/4.7124/,A360/6.2832/,WDRX/.1963&

      ,.589,.9817,1.374,1.767,2.16,2.553,2.945,3.338,3.731,4.123,4.516,&

      4.909,5.301,5.694,6.087/

      IF(IDFH(ISA)==0)RETURN

!     IF(IFED(IDFH(ISA),IDON(ISA))/=ISA)RETURN

      TTH=TAN(THW)

      GRDX=.0005*GRDL(ISA)

      DO I=1,16

          IF(THW<WDRX(I))EXIT

      END DO

      IF(I>16)I=1

      NWDR(I)=NWDR(I)+1

      CALL DUSTEM

      IF(DEMR<1.E-5)RETURN

!     Q=86400.*U10(IRF(ISA))*ZW*GRDL(ISA)

!     CW=PRMT(65)*U10(IRF(ISA))**PRMT(66)

!     CIN=DEMR/Q

!     DY=.1

!     X1=DEMR

!     TRT=DY/(3.6*U10(IRF(ISA)))

!     FY=1.-EXP(-PRMT(64)*TRT*10.)

!     SUM=0.

!     DO 25 I=1,40

!     SUM=SUM+DY

!     YDST(I)=SUM

!     DEP=Q*(CIN-CW)*FY

!     IF(DEP<0.)GO TO 26

!     DPY(I)=DEP

!     X1=X1-DEP

!     CIN=X1/Q

!  25 CONTINUE

!  26 NYD=I-1 

      SUM=0.

      NDX=0

      DO I=1,MSA

          DPY(I)=0.

          NX(I)=I

          IF(I==ISA)CYCLE

          JDR=10

          ! COMPUTE BASE Y COORDINATE--X COORDINATE = WIND DIRECTION (THW)

          YB=(XCT(ISA)-XCT(I))*TTH+YCT(ISA)

          ! DETERMINE WHICH SUBAREAS ARE DOWN WIND FROM FEEDYARD

          IF(THW<A90.OR.THW>A270)THEN

              ! CASE 1 OR 2 (N WIND)

              IF(YCT(I)>YB)CYCLE

              Y0=YCT(I)-YCT(ISA)

              X0=XCT(I)-XCT(ISA)

              DIST=SQRT(X0*X0+Y0*Y0)

              IF(THW<A90)THEN

                  ! CASE 1 (NE WIND) 

                  IF(Y0>0.)THEN

                      ! CASE 1.1

                      ALF=ATAN(Y0/(X0+.001))

                      BTA=THW+ALF

                      JDR=9

                  ELSE

                      IF(X0>0.)THEN

                          ! CASE 1.4

                          ALF=ATAN(X0/(Y0+.001))

                          BTA=A90-THW+ALF

                          JDR=9

                      ELSE 

                          IF(Y0>X0/TTH)THEN

                              ! CASE 1.2

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=A90-THW-ALF

                          ELSE    

                              ! CASE 1.3

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=THW-ALF

                          END IF   

                      END IF    

                  END IF    

              ELSE    

                  ! CASE 2 (NW WIND)      

                  IF(X0<0.)THEN

                      ! CASE 2.1

                      ALF=ATAN(X0/(Y0+.001))

                      BTA=THW-A270-ALF

                      JDR=9

                  ELSE

                      IF(Y0>0.)THEN

                          ! CASE 2.4

                          ALF=ATAN(Y0/(X0+.001))

                          BTA=A360-THW-ALF

                          JDR=9

                      ELSE

                          IF(Y0<X0*TTH)THEN

                              ! CASE 2.2

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=A360-THW+ALF

                          ELSE    

                              ! CASE 2.3

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=THW-A270+ALF

                          END IF

                      END IF    

                  END IF    

              END IF    

          ELSE    

              IF(YCT(I)<YB)CYCLE

              ! CASE 3 OR 4 (S WIND)

              Y0=YCT(I)-YCT(ISA)

              X0=XCT(I)-XCT(ISA)

              DIST=SQRT(X0*X0+Y0*Y0)

              IF(THW<A180)THEN

                  ! CASE 3 (SE WIND)

                  IF(Y0<0.)THEN

                      ! CASE 3.1

                      ALF=ATAN(Y0/(X0+.001))

                      BTA=A180-THW-ALF

                      JDR=9

                  ELSE

                      IF(X0>0.)THEN

                          ! CASE 3.4

                          ALF=ATAN(X0/(Y0+.001))

                          BTA=THW-A90-ALF

                          JDR=9

                      ELSE    

                          IF(Y0<X0*TTH)THEN

                              ! CASE 3.2

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=THW-A90+ALF

                          ELSE    

                              ! CASE 3.3

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=A180-THW+ALF

                          END IF

                      END IF

                  END IF    

              ELSE    

                  ! CASE 4 (SW WIND)

                  IF(X0<0.)THEN

                      ! CASE 4.1

                      ALF=ATAN(X0/(Y0+.001))

                      BTA=A270-THW+ALF

                      JDR=9

                  ELSE

                      IF(Y0<0.)THEN

                          ! CASE 4.4

                          ALF=ATAN(Y0/(X0+.001))

                          BTA=THW-A180+ALF

                          JDR=9

                      ELSE    

                          IF(Y0>X0/TTH)THEN

                              ! CASE 4.2

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=THW-A180-ALF

                          ELSE    

                              ! CASE 4.3

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=A270-THW-ALF

                          END IF

                      END IF

                  END IF    

              END IF

          END IF

          ! COMPUTE NEW X AND Y COORDINATES ON BASE (XB,YB)

          IF(JDR==9)THEN

              XT=ABS(DIST*COS(BTA))

              YT=ABS(DIST*SIN(BTA))

          ELSE    

              XT=ABS(DIST*SIN(BTA))

              YT=ABS(DIST*COS(BTA))

          END IF    

          IF(XT<GRDX)THEN

              FX=1.

          ELSE

              X1=YT/XT

              IF(X1<.01)CYCLE

              X2=ATAN(X1)

              FX=(SIN(X2))**PRMT(67)

          END IF

          TRT=YT/(3.6*U10(IRF(ISA)))

          X1=PRMT(64)*TRT*10.

          IF(X1>10.)CYCLE

          FY=EXP(-X1)

          DPY(I)=FX*FY*WSA(I)

          SUM=SUM+DPY(I)

          NDX=NDX+1

          ! WRITE(KW(1),1)I,NBSA(I),IY,MO,KDA,THW,ALF,BTA,X0,Y0,XT,YT,DEMR,Q,

          ! 1U10(IRF(ISA)),TRT,CIN,CW,FX,FY,DPY(I)

      END DO

      IF(SUM>0.)THEN

          B1=DEMR/SUM

      ELSE

          B1=1.

      END IF   

      TOT=0.

      DO I=1,MSA

          DPY(I)=DPY(I)*B1

          TOT=TOT+DPY(I)

          PM10(I)=PM10(I)+DPY(I)

          SMM(94,MO,I)=SMM(94,MO,I)+DPY(I)

      END DO

      CALL ASORT1(DPY,NX,MSA)

      IF(KFL(20)>0)WRITE(KW(20),32)IY,IYR,MO,KDA,THW,U10(IRF(ISA)),DEMR,TOT

      SUM=0.

      DO I=1,NDX

          X1=DPY(NX(I))/TOT

          SUM=SUM+X1

          IF(SUM>.999)CYCLE

          ! WRITE(KW(1),30)I,NX(I),NBSA(NX(I)),DPY(NX(I)),X1,SUM

          IF(KFL(20)>0)WRITE(KW(20),31)I,NX(I),NBSA(NX(I)),DPY(NX(I)),X1,&

          SUM

      END DO

      ! WRITE(KW(1),29)DEMR,TOT

      RETURN

!   1 FORMAT(1X,3I4,2I2,20E13.5)

!  29 FORMAT(1X,2E13.5)

!  30 FORMAT(1X,3I4,3E13.5)

   31 FORMAT(5X,I8,1X,2I8,F10.2,2F10.4)

   32 FORMAT(2X,'YR#=',I4,1X,'Y M D=',I4,2I2,1X,'W DIR=',F5.1,' RAD',2X,&

      'W SPD=',F6.2,' m/s',2X,'DEMR=',F6.0,' KG',2X,'DDPR=',F6.0,' KG')

      END






src/DUSTEM.f90

      SUBROUTINE DUSTEM

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE PARTICULATE MATTER(DUST) EMISSION

!     RATE FROM FEEDYARDS.

      USE PARM

      LD1=LID(1,ISA)

      DEMR=32.*NCOW(IDFH(ISA),IDON(ISA))

      IF(STLT(ISA)>FC(LD1,ISA)-S15(LD1,ISA))THEN

          RTO=800.*SWLT(ISA)/RSD(LD1,ISA)

      ELSE

          RTO=10.*SWST(LD1,ISA)

      END IF

      IF(SCLM(19)>0.)RTO=MIN(RTO,SCLM(19))

      F=1.-RTO/(RTO+EXP(SCRP(19,1)-SCRP(19,2)*RTO))

      DEMR=.001*DEMR*F

      EM10(ISA)=EM10(ISA)+DEMR

      SMM(93,MO,ISA)=SMM(93,MO,ISA)+DEMR

      RETURN

      END      






src/EAJL.f90

      FUNCTION EAJL(X,Y)

!     APEX1501

!     THIS SUBPROGRAM IS CALLED BY ESLOS TO CALCULATE THE AMOUNT OF

!     MATERIAL ADDED TO THE TOP LAYER AND REMOVED FROM THE SECOND LAYER.

      EAJL=X*Y

      X=X-EAJL

      RETURN

      END






src/EBUFSA.f90

      SUBROUTINE EBUFSA

!     THIS SUBPROGRAM ROUTES SEDIMENT THROUGH UPLAND BUFFERS WITHIN A 

!     SUBAREA.  USED IN SIMULATING LARGE SUBAREAS WHERE ONLY THE 

!     FRACTION OF THE SA CONTROLLED BY BUFFERS IS KNOWN--NOT THE 

!     LOCATION OF INDIVIDUAL BUFFERS.

      USE PARM

      IDX=IDOA(ISA)

      WSA1=WSA(ISA)*BCOF(ISA)

      Q1=QVOL(IDO)

      Y1=YSD(NDRV,IDO)

      CIN=.1*Y1/Q1

      DEP=0.

      QFP=Q1*WSA1/(360.*(DUR+TC(ISA)))

      BFW=50.*WSA1

      DFP=(QFP/(BFSN(ISA)*BFW))**.6

      VFP=QFP/(DFP*BFW)

      CYFP=PRMT(19)*VFP**PRMT(18)

      TRT=.000278*BFFL(ISA)/VFP

      XX=FPSC(ISA)

      F=MIN(Q1,XX*TRT)

      QO=Q1-F

      IF(QO<1.E-5)THEN

          DEP=Y1

      ELSE

          X7=PRMT(45)*TRT*PSZM(ISA)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF

          X5=10.*(CYFP*QO-CIN*Q1)*F

          IF(X5>0.)THEN

              DEG=EK(ISA)*CVF(ISA)*X5

          ELSE

              DEP=-X5

          END IF

      END IF      

      Y2=MAX(1.E-10,Y1-DEP)

      QVOL(IDO)=QO*BCOF(ISA)+Q1*(1.-BCOF(ISA))

      YSD(NDRV,IDO)=Y2*BCOF(ISA)+YSD(NDRV,IDO)*(1.-BCOF(ISA))

      CY=.1*YSD(NDRV,IDO)/QVOL(IDO)

      IF(IERT>0)THEN

          ERTO=MIN(1.25,.78*(CY+1.E-4)**(-.2468))

      ELSE 

          B2=ALOG10(DRTO)/2.301

          B1=1./.1**B2

          ERTO=MIN(1.25,B1*(CY+1.E-4)**B2)

      END IF

      RETURN

      END 






src/EHYD.f90

	SUBROUTINE EHYD

!     APEX1501

!     THIS SUB PROGRAM COMPUTES SEDIMENT GRAPHS USING HYDROGRAPH FLOW

!     RATES AND AVE SED CONC

      USE PARM

      QQ=HYDV(IDO)

	  YY=YSD(NDRV,IDO)+STY(IDO)

	  X1=0.

	  !X1=STH(IDO)/CMM

	  R1=.5*X1/(QQ+X1)

	  R2=R1*YY

	  R2=MAX(R2,STY(IDO))

	  YX=YY-R2

	  CIN=.1*YX/QQ

	  T1=0.

      IF(KFL(26)>0)THEN

          WRITE(KW(26),7)IY,MO,KDA,IDO,ISA,NBSA(ISA),WSA(ISA),QQ,YY,R2

          WRITE(KW(26),9)

      END IF    

      Q1=QHY(1,IDO,IHX(1))

	  SUM=0.

 	  XX=180.*DTHY/WSA(ISA)

      XZ=2.*DTHY 

	  DO I=2,NHY(IDO)

	      Q2=QHY(I,IDO,IHX(1))

	      Q3=QHY(I+1,IDO,IHX(1))

	      C=ABS(Q2+(Q3-Q1)/XZ)

     	  YHY(I,IDO)=XX*(Q2+Q1)*C

 	      IF(KFL(26)>0)WRITE(KW(26),13)I,T1,Q2,C,YHY(I,IDO)

   	      SUM=SUM+YHY(I,IDO)

	      Q1=Q2

	  END DO

      RTO=YX/SUM

	  TOT=0.

	  XX=1.E-6*XX

	  Q1=QHY(1,IDO,IHX(1))

	  DO I=2,NHY(IDO)

	      YHY(I,IDO)=RTO*YHY(I,IDO)

	      T1=T1+DTHY

	      TOT=TOT+YHY(I,IDO)

	      Q2=QHY(I,IDO,IHX(1))

	      X1=XX*(Q1+Q2)

	      IF(X1>0.)THEN

	          C=.1*YHY(I,IDO)/X1

	      ELSE

	          C=0.

	      END IF

   	      IF(KFL(26)>0.)WRITE(KW(26),6)I,T1,Q2,C,YHY(I,IDO)

	      Q1=Q2

	  END DO

	  STY(IDO)=YY-TOT

      IF(KFL(26)>0)WRITE(KW(26),10)YY,R2,TOT,STY(IDO)

	  RETURN

    6 FORMAT(6X,I4,F10.2,F10.4,F10.1,F10.5)

    7 FORMAT(//T10,'COMPUTE SED GRAPH'/T10,'DATE(Y-M-D)=',3I4, 2X,&

      'IDO= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8/T10,'WSA= ',F12.3,' ha',2X&

      ,'HYDV= ',F8.3,' mm',2X,'YI= ',F8.3,' t/ha',2X,'STY= ',F8.3,&

      ' t/ha')

    9 FORMAT(//9X,'#',5X,'Th',10X,'QHYm3/s',5X,'CYppm',7X,'YHYt/s')

   10 FORMAT(10X,'YI=',F8.3,2X,'YIS=',F8.3,2X,'YO=',F8.3,2X,'YOS=',F8.3)

   12 FORMAT(5X,A2,4I4,2I2,5F10.2)

   13 FORMAT(6X,I4,6F12.5)

   15 FORMAT(20X,7F7.2)

      END 	 






src/ERHEM.f90

      SUBROUTINE ERHEM

!     APEX1605

!     THIS SUBPROGRAM PREDICTS DAILY SOIL LOSS FOR RANGELANDS USING 

!     EROSION EQS TAKEN FROM RHEM.  THIS MODIFICATION OF RHEM IS CALLED

!     REMX

      USE PARM

      DATA H2OC/9807./

      LD1=LID(1,ISA)

      DTS=3600.*DTHY

      IF(INFL==0.AND.IRFT==0)CALL HRFDT

      X2=1.-EXP(-.03*ROK(LD1,ISA))

      XX=1.-FRSD      

      !UBK=10**(-4.14-1.28*XX-.98*X2-.1516*CLA(LD1,ISA)+.0709*SIL(LD1,ISA))

      UBK=7.747E-6

      X1=MAX(FGC(ISA),FGSL(ISA))

      !SSK=PRMT(98)*CVF(ISA)*RSLK(ISA)

      !SSK=PRMT(98)*10**(3.133-.20055*X1-.5055*XX)*RSF(ISA) 

      !SSK=2090.

      IF(IREM==0)THEN

          IF(FBAR(ISA)>.5)THEN

              SSKG=1.3*10**(3.2727-.347*X1-.5226*XX)*RSF(ISA)

              SSKB=1.3*10**(4.1438-.347*X1-.5226*XX)*RSF(ISA)

              SSK=FBAR(ISA)*SSKB+(1.-FBAR(ISA))*SSKG

          ELSE

              SSK=1.3*10**(3.2727-.347*X1-.5226*XX)*RSF(ISA)

          END IF

      ELSE

          SSK=.1*YSSK/(DTS*QVOL(IDO))

      END IF

      PKQ=0.

      XX=0.

      BRFX=0.

      TOT=0.

      AD1=0.

      T1=0.

      SPB=H2OC*STP(ISA) 

      W0=2.46/STP(ISA)**.4

      DTSL=DTS/SPLG(ISA)

      DO I=2,NRF

          T1=T1+DTHY

          IF(INFL==1.OR.INFL==4)THEN

              QMM=QGA(I)

          ELSE

              X1=RFDT(I)-SCN2

              IF(X1>0.)THEN

                  QV=X1*X1/(RFDT(I)+.8*SCN)

              ELSE

                  QV=0.

              END IF

              QMM=QV-XX

          END IF

          IF(QMM>0.)THEN

              PKQ=MAX(QMM,PKQ)

              !QM3=10.*QMM

              QM3=QMM*SPLG(ISA)/1000.

              QCMS=QM3/DTS

              W=MIN(1.,W0*QCMS**.39)

              QCMSR=QCMS/W

              SP=SPB*QCMSR

              X2=EXP(.845+.412*LOG10(1000.*SP))

              TFC=.1*W*10**(-34.47+38.61*X2/(1.+X2))

              IF(IREM==0)THEN

                  XR=(RFDT(I)-RFDT(I-1))/(1000.*DTS)

                  X2=.001*QMM/DTS

                  DSS=SSK*XR**1.052*X2**.592

              ELSE

                  DSS=SSK*QMM

              END IF

              DCF=.5*SP*UBK

              DTOT=DSS+DCF

              X3=DTOT*DTS*W

              X4=TFC*DTSL

              DY=MIN(X3,X4)

              AD1=AD1+DY

              XX=QV

              BRFX=MAX(QCMS,BRFX)

              TOT=TOT+QMM

          END IF

      END DO

      PKQ=PKQ/DTHY

      YSD(6,IDO)=MAX(0.,10.*AD1)*WSA(ISA)

      !WRITE(KW(1),'(T10,A,F8.3,A,2X,A,F8.3,A)')'PKQ=',PKQ,'mm/h','YSD=',&

      !YSD(6,IDO),'t/ha'                               

      RETURN

      END






src/EROWN.f90

      FUNCTION EROWN(Y1)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES POTENTIAL WIND EROSION RATE FOR BARE

!     SOIL GIVEN WIND SPEED.

      USE PARM

      DU10=U10(IRF(ISA))*Y1

      USTR=.0408*DU10

      X1=USTR*USTR-USTW

      IF(X1>0.)THEN

          YWR=.255*X1**1.5

          EROWN=YWR*ALG

      ELSE

    !     WRITE(6,15)X,DU10,USTR,YWR,WDST(I)

          EROWN=0.

      END IF

      RETURN

      END






src/ESLOS.f90

      SUBROUTINE ESLOS(JRT)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE THICKNESS OF SOIL REMOVED BY EACH

!     EROSION EVENT, MOVES THE TOP LAYER INTO THE SECOND LAYER BY A DIST

!     EQUAL THE ERODED THICKNESS, AND ADJUSTS THE TOP LAYER SOIL

!     PROPERTIES BY INTERPOLATION.  WHEN THE SECOND LAYER IS REDUCED TO

!     TO A THICKNESS OF 10 MM, IT IS PLACED INTO THE THIRD LAYER.

      USE PARM

      WFN(X1,X2,Z1,Z2,ZZ)=(Z1*X1+Z2*X2)/ZZ

      AD1=0.

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

      END DO

	  JRT=0

      TK=.1*YERO/BD(LID(1,ISA),ISA)

      THK(ISA)=THK(ISA)+TK

      TK=TK*.001

      X1=TK+TKR(ISA)

      IF(X1>.01)THEN

          TKR(ISA)=X1-.01

          TK=.01

      ELSE

          TKR(ISA)=0.

      END IF

      W1=Z(LID(1,ISA),ISA)-TK

      W2=TK

      WT(LID(1,ISA),ISA)=WT(LID(1,ISA),ISA)-YERO

      IF(Z(LID(2,ISA),ISA)-Z(LID(1,ISA),ISA)-TK>.01)GO TO 10

      ! REMOVE LAYER 2 AND PLACE SMALL REMAINING CONTENTS IN LAYER 3

      ISL=LID(3,ISA)

      K=LID(2,ISA)

      Z1=Z(K,ISA)-Z(LID(1,ISA),ISA)

      Z2=Z(ISL,ISA)-Z(K,ISA)

      VV=Z1+Z2

	  ZZ=.01/VV

      PSP(ISL,ISA)=WFN(PSP(K,ISA),PSP(ISL,ISA),Z1,Z2,VV)

      ! BDM(ISL,ISA)=WFN(BDM(K,ISA),BDM(ISL,ISA),Z1,Z2,VV)

      CLA(ISL,ISA)=WFN(CLA(K,ISA),CLA(ISL,ISA),Z1,Z2,VV)

      SIL(ISL,ISA)=WFN(SIL(K,ISA),SIL(ISL,ISA),Z1,Z2,VV)

      SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

      ROK(ISL,ISA)=WFN(ROK(K,ISA),ROK(ISL,ISA),Z1,Z2,VV)

      SATC(ISL,ISA)=WFN(SATC(K,ISA),SATC(ISL,ISA),Z1,Z2,VV)

      PH(ISL,ISA)=WFN(PH(K,ISA),PH(ISL,ISA),Z1,Z2,VV)

      WT(ISL,ISA)=WT(ISL,ISA)+WT(K,ISA)

      BD(ISL,ISA)=.0001*WT(ISL,ISA)/VV

      WCMU(ISL,ISA)=WCMU(ISL,ISA)+WCMU(K,ISA)

      WCOU(ISL,ISA)=WCOU(ISL,ISA)+WCOU(K,ISA)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+WNO3(K,ISA)

      WNH3(ISL,ISA)=WNH3(ISL,ISA)+WNH3(K,ISA)

      WNMU(ISL,ISA)=WNMU(ISL,ISA)+WNMU(K,ISA)

	  WHPN(ISL,ISA)=WHPN(ISL,ISA)+WHPN(K,ISA)

      WHSN(ISL,ISA)=WHSN(ISL,ISA)+WHSN(K,ISA)

      WBMN(ISL,ISA)=WBMN(ISL,ISA)+WBMN(K,ISA)

      WLSN(ISL,ISA)=WLSN(ISL,ISA)+WLSN(K,ISA)

      WLMN(ISL,ISA)=WLMN(ISL,ISA)+WLMN(K,ISA)

      WHPC(ISL,ISA)=WHPC(ISL,ISA)+WHPC(K,ISA)

      WHSC(ISL,ISA)=WHSC(ISL,ISA)+WHSC(K,ISA)

      WBMC(ISL,ISA)=WBMC(ISL,ISA)+WBMC(K,ISA)

      WLS(ISL,ISA)=WLS(ISL,ISA)+WLS(K,ISA)

      WLM(ISL,ISA)=WLM(ISL,ISA)+WLM(K,ISA)

      WLSL(ISL,ISA)=WLSL(ISL,ISA)+WLSL(K,ISA)

      WLSC(ISL,ISA)=WLSC(ISL,ISA)+WLSC(K,ISA)

      WLMC(ISL,ISA)=WLMC(ISL,ISA)+WLMC(K,ISA)

      WLSLC(ISL,ISA)=WLSLC(ISL,ISA)+WLSLC(K,ISA)

      WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

      WPO(ISL,ISA)=WPO(ISL,ISA)+WPO(K,ISA)

      RSDM(ISL,ISA)=RSDM(ISL,ISA)+RSDM(K,ISA)

      WNOU(ISL,ISA)=WNOU(ISL,ISA)+WNOU(K,ISA)

      WPML(ISL,ISA)=WPML(ISL,ISA)+WPML(K,ISA)

	  WPMA(ISL,ISA)=WPMA(ISL,ISA)+WPMA(K,ISA)

      WPMU(ISL,ISA)=WPMU(ISL,ISA)+WPMU(K,ISA)

	  FOP(ISL,ISA)=FOP(ISL,ISA)+FOP(K,ISA)

      WPOU(ISL,ISA)=WPOU(ISL,ISA)+WPOU(K,ISA)

      WPMS(ISL,ISA)=WPMS(ISL,ISA)+WPMS(K,ISA)

      S15(ISL,ISA)=S15(ISL,ISA)+S15(K,ISA)

      FC(ISL,ISA)=FC(ISL,ISA)+FC(K,ISA)

      PO(ISL,ISA)=PO(ISL,ISA)+PO(K,ISA)

      CALL SPOFC(ISL)

      SWST(ISL,ISA)=SWST(ISL,ISA)+SWST(K,ISA)

      LORG(LID(1,ISA),ISA)=LORG(K,ISA)

      ! SPLIT LAYER NEAREST SURFACE WITH THICKNESS > 0.15 M IN HALF

      ZMX=0.

      L1=LID(1,ISA)

      MXZ=K

      DO J=3,NBSL(ISA)

          L=LID(J,ISA)

          ZZ=Z(L,ISA)-Z(L1,ISA)

          IF(ZZ>=.15)THEN

              MXZ=J

              ZMX=ZZ

              GO TO 7

          ELSE

              L1=L

              IF(ZZ<=ZMX+.01)CYCLE

              ZMX=ZZ

              MXZ=J

          END IF

      END DO

      L=LID(MXZ,ISA)

      L1=LID(MXZ-1,ISA)

      IF(ZMX>ZQT)GO TO 7

      NBSL(ISA)=NBSL(ISA)-1

      IF(NBSL(ISA)<3)THEN

	      JRT=1

          RETURN 

      END IF

      XNS(ISA)=NBSL(ISA)-1

      DO ISL=2,NBSL(ISA)

          LID(ISL,ISA)=LID(ISL+1,ISA)

      END DO

      GO TO 10

    7 MX1=MXZ-1

      IF(MX1/=2)THEN

          DO ISL=2,MX1

              LID(ISL,ISA)=LID(ISL+1,ISA)

          END DO

      END IF

      LID(MX1,ISA)=K

      LORG(K,ISA)=LORG(LID(MXZ,ISA),ISA)

      CALL SPLA(L,L1,K,.5,0)

!     ADJUST LAYER 1 BY INTERPOLATING BETWEEN LAYER 2 USING ERODED THICK

   10 ISL=LID(2,ISA)

      L1=LID(1,ISA)

      PSP(L1,ISA)=WFN(PSP(L1,ISA),PSP(ISL,ISA),W1,W2,Z(L1,ISA))

!     BDM(L1,ISA)=WFN(BDM(L1,ISA),BDM(ISL,ISA),W1,W2,Z(L1,ISA))

      CLA(L1,ISA)=WFN(CLA(L1,ISA),CLA(ISL,ISA),W1,W2,Z(L1,ISA))

      SIL(L1,ISA)=WFN(SIL(L1,ISA),SIL(ISL,ISA),W1,W2,Z(L1,ISA))

      SAN(L1,ISA)=100.-CLA(L1,ISA)-SIL(L1,ISA)

      BD(L1,ISA)=WFN(BD(L1,ISA),BD(ISL,ISA),W1,W2,Z(L1,ISA))

      SATC(L1,ISA)=WFN(SATC(L1,ISA),SATC(ISL,ISA),W1,W2,Z(L1,ISA))

      PH(L1,ISA)=WFN(PH(L1,ISA),PH(ISL,ISA),W1,W2,Z(L1,ISA))

      XX=Z(ISL,ISA)-Z(L1,ISA)

      GX=XX-TK

      RTO=GX/XX

      RX=1.

      IF(ROK(L1,ISA)>1.E-10)THEN

          X3=ROK(L1,ISA)

          !ROK(L1,ISA)=.01*X3/W1

          ROK(L1,ISA)=WFN(ROK(L1,ISA),ROK(ISL,ISA),W1,W2,Z(L1,ISA))

          RX=(100.-ROK(L1,ISA))/(100.-X3)

      END IF

      W1=W1/Z(L1,ISA)

      W2=W2/XX

      S15(L1,ISA)=WFN(S15(L1,ISA),S15(ISL,ISA),W1,W2,1.)*RX

      FC(L1,ISA)=WFN(FC(L1,ISA),FC(ISL,ISA),W1,W2,1.)*RX

      PO(ISL,ISA)=PO(ISL,ISA)*RTO

      S15(ISL,ISA)=S15(ISL,ISA)*RTO

      FC(ISL,ISA)=FC(ISL,ISA)*RTO

      CALL SPOFC(ISL)

      WT(ISL,ISA)=WT(ISL,ISA)*RTO

      PO(L1,ISA)=WFN(PO(L1,ISA),PO(ISL,ISA),W1,W2,1.)*RX

      CALL SPOFC(L1)

      WCMU(L1,ISA)=WCMU(L1,ISA)+EAJL(WCMU(ISL,ISA),W2)

      WCOU(L1,ISA)=WCOU(L1,ISA)+EAJL(WCOU(ISL,ISA),W2)

      WNO3(L1,ISA)=WNO3(L1,ISA)+EAJL(WNO3(ISL,ISA),W2)

      WNH3(L1,ISA)=WNH3(L1,ISA)+EAJL(WNH3(ISL,ISA),W2)

      WNMU(L1,ISA)=WNMU(L1,ISA)+EAJL(WNMU(ISL,ISA),W2)

      WPO(L1,ISA)=WPO(L1,ISA)+EAJL(WPO(ISL,ISA),W2)

      RSDM(L1,ISA)=RSDM(L1,ISA)+EAJL(RSDM(ISL,ISA),W2)

      WNOU(L1,ISA)=WNOU(L1,ISA)+EAJL(WNOU(ISL,ISA),W2)

      WPML(L1,ISA)=WPML(L1,ISA)+EAJL(WPML(ISL,ISA),W2)

	  WPMA(L1,ISA)=WPMA(L1,ISA)+EAJL(WPMA(ISL,ISA),W2)

      WPMU(L1,ISA)=WPMU(L1,ISA)+EAJL(WPMU(ISL,ISA),W2)

	  WHPN(L1,ISA)=WHPN(L1,ISA)+EAJL(WHPN(ISL,ISA),W2)

      WHSN(L1,ISA)=WHSN(L1,ISA)+EAJL(WHSN(ISL,ISA),W2)

      WBMN(L1,ISA)=WBMN(L1,ISA)+EAJL(WBMN(ISL,ISA),W2)

      WLSN(L1,ISA)=WLSN(L1,ISA)+EAJL(WLSN(ISL,ISA),W2)

      WLMN(L1,ISA)=WLMN(L1,ISA)+EAJL(WLMN(ISL,ISA),W2)

      WHPC(L1,ISA)=WHPC(L1,ISA)+EAJL(WHPC(ISL,ISA),W2)

      WHSC(L1,ISA)=WHSC(L1,ISA)+EAJL(WHSC(ISL,ISA),W2)

      WBMC(L1,ISA)=WBMC(L1,ISA)+EAJL(WBMC(ISL,ISA),W2)

      WLS(L1,ISA)=WLS(L1,ISA)+EAJL(WLS(ISL,ISA),W2)

      WLM(L1,ISA)=WLM(L1,ISA)+EAJL(WLM(ISL,ISA),W2)

      WLSL(L1,ISA)=WLSL(L1,ISA)+EAJL(WLSL(ISL,ISA),W2)

      WLSC(L1,ISA)=WLSC(L1,ISA)+EAJL(WLSC(ISL,ISA),W2)

      WLMC(L1,ISA)=WLMC(L1,ISA)+EAJL(WLMC(ISL,ISA),W2)

      WLSLC(L1,ISA)=WLSLC(L1,ISA)+EAJL(WLSLC(ISL,ISA),W2)

      WLSLNC(L1,ISA)=WLSC(L1,ISA)-WLSLC(L1,ISA)

	  FOP(L1,ISA)=FOP(L1,ISA)+EAJL(FOP(ISL,ISA),W2)

      WPOU(L1,ISA)=WPOU(L1,ISA)+EAJL(WPOU(ISL,ISA),W2)

      WPMS(L1,ISA)=WPMS(L1,ISA)+EAJL(WPMS(ISL,ISA),W2)

      SOLK(L1,ISA)=SOLK(L1,ISA)+EAJL(SOLK(ISL,ISA),W2)

      EXCK(L1,ISA)=EXCK(L1,ISA)+EAJL(EXCK(ISL,ISA),W2)

      FIXK(L1,ISA)=FIXK(L1,ISA)+EAJL(FIXK(ISL,ISA),W2)

      SWST(L1,ISA)=SWST(L1,ISA)+EAJL(SWST(ISL,ISA),W2)

      XY=.01*(1.-.01*ROK(L1,ISA))

      XX=XY

      WT(L1,ISA)=BD(L1,ISA)*100.

      ABD(ISA)=WT(L1,ISA)

      DO I=2,NBSL(ISA)

          ISL=LID(I,ISA)

          Z(ISL,ISA)=Z(ISL,ISA)-TK

          ABD(ISA)=ABD(ISA)+WT(ISL,ISA)

      END DO

      XX=Z(LID(NBSL(ISA),ISA),ISA)

      IF(XX<=ZF)THEN

	      JRT=1

          RETURN 

      ELSE

          IF(BIG(ISA)>=XX)THEN

              BIG(ISA)=XX

              PMX(ISA)=XX

          END IF

          ABD(ISA)=ABD(ISA)*1.E-4/Z(LID(NBSL(ISA),ISA),ISA)

            AD2=0.

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

      DF=AD1-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,DF

    1 FORMAT(5X,'ESLOS',3I4,10E13.5)      

      END IF

      RETURN

      END






src/EWEMHKS.f90

      SUBROUTINE EWEMHKS(JRT)

!     EPIC0806

!     THIS SUBPROGRAM ESTIMATES DAILY SOIL LOSS CAUSED BY WIND EROSION,

!     GIVEN THE AVERAGE WIND SPEED AND DIRECTION.

      USE PARM

      JRT=0

      !IF(U10(IRF(ISA))<6.)THEN    ! Original statement commented by Luca Doro

      if(u10(irf(isa))<6. .or. PADDY_STO(1,ISA)>1.E-10)then    ! New statement to eliminate wind erosion if water is in the paddy - Luca Doro 20190716

          JRT=1

          RETURN

      ELSE

          WD=193.*EXP(1.103*(U10(IRF(ISA))-30.)/(U10(IRF(ISA))+1.))

          BT=PI2/4.+THW-ANG

          ALG=FL*FW/(FL*ABS(COS(BT))+FW*ABS(SIN(BT)))

          IF(RGIN>0.)THEN

              X1=1.+RHTT(ISA)

              RK=.004*X1*X1/RGIN

              IF(RK<2.27)THEN

                  RF=1.

              ELSE

                  IF(RK<89.)THEN

                      RF=1.125-.153*LOG(RK)

                  ELSE

                      RF=.336*EXP(.00324*RK)

                  END IF

              END IF

          ELSE

              RF=1.          

          END IF

          VAC(ISA)=1000.*(VAC(ISA)+BWN(3,JD(ISA))*RSD(LID(1,ISA),ISA))

          IF(VAC(ISA)>4000.)THEN

              JRT=1

              RETURN

          END IF

          VF=.2533*VAC(ISA)**1.363

          BV=1.+VF*(8.9303E-5+VF*(8.5074E-9-VF*1.5888E-13))

          AV=EXP(VF*(-7.5935E-4-VF*(4.7416E-8-VF*2.9476E-13)))

          E2=695.*WK(ISA)*RF

          XL=1.5579E6*E2**(-1.2571)*EXP(-.001558*E2)

          AA=ALG*1000./XL

          F=(AA/(AA+EXP(-3.2388-1.6241*AA)))

	      XX=F**.3484+WCF-1.

	      IF(XX<=0.)THEN

	          JRT=1

	          RETURN

	      END IF

          E4=(XX*E2**.3484)**2.8702

          E5=AV*E4**BV

          YWKS=E5*WD/WB

      END IF

      RETURN

      END
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      SUBROUTINE EWER(JRT)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOIL LOSS CAUSED BY WIND EROSION,

!     GIVEN THE AVERAGE WIND SPEED AND DIRECTION.

      USE PARM

      JRT=0

      !IF(U10(IRF(ISA))<6.)THEN    ! Original statement commented by Luca Doro

      if(u10(irf(isa))<6. .or. PADDY_STO(1,ISA)>1.E-10)then    ! New statement to eliminate wind erosion if water is in the paddy - Luca Doro 20190716

          JRT=1

          RETURN

      ELSE

          BT=PI2/4.+THW-ANG

          ALG=FL*FW/(FL*ABS(COS(BT))+FW*ABS(SIN(BT)))

          RRF=11.9*(1.-EXP(-(RRUF(ISA)/9.8)**1.3))

          RIF=ABS(SIN(BT))*1.27*RHTT(ISA)**.52

          RFB=MAX(.1,RRF+RIF)

          RFC=.77*1.002**RHTT(ISA)

          RGRF=1.-EXP(-(10./RFB)**RFC)

          X1=VAC(ISA)

          X1=MIN(10.,X1+BWN(3,JD(ISA))*RSD(LID(1,ISA),ISA))

          IF(SCLM(13)>0.)X1=MIN(X1,SCLM(13))

          F=X1/(X1+EXP(SCRP(13,1)-SCRP(13,2)*X1))

          VGF=(1.-F)*SRNG(13)+SCMN(13)

          ALG=1.-EXP(-ALG/.07)

          RTO=SWST(LID(1,ISA),ISA)/S15(LID(1,ISA),ISA)

          SMM(60,MO,ISA)=SMM(60,MO,ISA)+RTO

          NWDA(ISA)=NWDA(ISA)+1

          VAR(60,ISA)=RTO

          USTW=USTT+.5*RTO*RTO

          CALL EWNINT

          ROKF=EXP(-.047*ROK(LID(1,ISA),ISA))

          X1=PRMT(13)*TLMF(ISA)

          IF(X1>10.)THEN

              WK1=1.E-5

          ELSE

              WK1=WK(ISA)*EXP(-X1)

          END IF

          SMM(32,MO,ISA)=SMM(32,MO,ISA)+WK1

          VAR(32,ISA)=WK1

          X1=RGRF*VGF*ROKF*WK1

          YW(IDO)=8640.*YW(IDO)*X1

          IF(YW(IDO)<.001)YW(IDO)=0.

          TLMF(ISA)=TLMF(ISA)+YW(IDO)

          TVGF(ISA)=TVGF(ISA)+X1

      END IF

      RETURN

      END
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    Subroutine EWER2(JRT)

        !This subroutine estimates daily soil loss by wind erosion using the Landscape Wind Erosion (LWE) model 

        !given aveage daily wind speed, soil texture, and vegetation status.

        !Created on Mon Aug 20 11:21:54 2018

        !

        !@author: tadesse.abitew

        USE lwe_lib

        use parm

        character(len=100):: wind_data,gap_data,cdate

        real(kind=8):: soil_clay_fraction,soil_moisture_mass_fraction

        real, dimension(:,:), allocatable:: wind_val,curday_wind

        character(len=8), dimension(:), allocatable:: wind_date,gap_date,veg_date,cov_date

        real:: alpha, loc, scale,cur_gap,gap_adj,u_avg,veg_mean_height

        real, dimension(:), allocatable:: PPLP2_MAX,PP_X,LAI_MAX,LAI_MIN

        real, dimension(:,:), allocatable:: gap_val,curday_gap,soil_parms_data,veg_ht,veg_cover,u_mean

        character(len=20), dimension(:), allocatable:: soil_names

        character(:),allocatable:: site_soil_name,sol_nam1,sol_nam2

        character(len=8):: idate,idate_yr, idate_mo, idate_day

        character(len=50):: itmp

        INTEGER::ILWE !THIS IS LWE_IWND OPTION

        integer:: fnum=1211112

        

        integer:: err=0,ndat=0,nval=0, k=2,nval_n=0



        JRT=1 !This is a temporary setting NOT to print wind erosion outputs.

        

        write(idate_yr,'(i4)') IYR

        !!leading 0 added by Tadesse

        if(MO <10) then

            write(idate_mo,'(A,i1)')'0', MO

        else

            write(idate_mo,'(i2)') MO

        end if 

        if (KDA <10) then

            write(idate_day,'(A,i1)')'0', KDA

        else

            write(idate_day,'(i2)') KDA

        end if

            

        idate = trim(idate_yr)//trim(idate_mo)//trim(idate_day)        

        

							 

        !Use daily avg wind speed if obs wind speed data is not available for current day

        if(idate>=wind_idate) then

            ILWE=LWE_IWND

        else

            ILWE=1

				 

        endif

        

        ! wind spead data read and pdf

        if (ILWE==1) then

            !!data type 1 = mean wind speed

            allocate(wind_pdf(2,BINCOUNT))

            !

            u_bin=0.

            u_avg = U10(IRF(ISA)) !daily avg. wind speed, m/s

                        

            if (u_avg < 3.0) then

                u=3.0

            elseif (u_avg > 9) then

                u=9

            else

                u=u_avg

            endif

            

            usq=u*u

            alpha=0.591*usq - 5.7359*u +18.582

            loc=-0.30003*usq + 2.7153*u - 6.5466

            scale=-0.0699*usq + 0.9208*u - 1.6108

            

            call wind_gamma_pdf(alpha, loc, scale) 

        elseif (ILWE==2) then

            !!data type 2 = mean wind speed

            !!observation based

            !!read mean max wind speed

            ndat=0

            open(FNUM,file=wind_daily_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(wind_date(ndat),u_mean(1,ndat))

            u_mean = 0.

            

            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) wind_date(i), u_mean(1,i)

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (wind_date(i)==idate) then

                    u_avg = u_mean(1,i) !meters

                    nval=i

                    exit

                end if

            end do

            ! keep the observtion date until new observation

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                u_avg_stor = u_avg

            endif

            u_avg = u_avg_stor ! store observation

            allocate(wind_pdf(2,bincount))



            !u_bin=0.

            !u_avg = U10(IRF(ISA)) !daily avg. wind speed, m/s

            

            call wind_rayleigh_pdf(u_avg,k) 

            

        elseif (ILWE==3) then

            !data type=3 observed histogram

            !read data

            open(FNUM,file=wind_data_fname,status='old')

            ndat=0

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            rewind(FNUM)

            ndat = ndat - 1

            allocate(wind_date(ndat),wind_val(2,ndat),curday_wind(2,ndat))

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,'(a8,2f8.0)') wind_date(i),wind_val(1,i),wind_val(2,i)

            end do

            close(FNUM)

            



            nval = 0

            do i=1,ndat

                if (wind_date(i)==idate) then

                    nval = nval + 1

                    curday_wind(:,nval) = wind_val(:,i)

                    

                end if

            end do

            nval_n =0

            if (nval /= 0) then

                do i=1,nval

                    if (curday_wind(2,i)/=0.) then ! excluding wind speed with 0 probability

                        nval_n = nval_n+1

                        curday_wind_stor(:,nval_n) = curday_wind(:,i)

                    endif

                end do

                nval_wind = nval_n

            endif 

            curday_wind = curday_wind_stor(:,1:nval_wind)

            nval = nval_wind

            

            call Wind_pdf_by_obsv(curday_wind,nval)

            



        else

            ! data type=3 gamma parameters

            ndat=0

            allocate(wind_pdf(2,BINCOUNT))

            open(FNUM,file=gamma_parm_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            !allocate(gamma_parms(ndat,4))

            gamma_parms = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gamma_parms(i,1), gamma_parms(i,2), gamma_parms(i,3), gamma_parms(i,4)

            end do

            close(FNUM)

            

            ierr=0

            do i=1,ndat

                if (int(gamma_parms(i,1))==isa) then

                    alpha = gamma_parms(i,2)

                    loc = gamma_parms(i,3)

                    scale = gamma_parms(i,4)

                    ierr=1

                    exit

                end if

            end do

            if (ierr==0) then

                write (*,*) 'no gamma parameters found in gamma_parameters.dat for ', isa

                stop

            end if

            

            call wind_gamma_pdf(alpha, loc, scale) 

        endif  

        

        !mean vegetation height

        if (LWE_IHT ==1) then 

            if (sum(slai(:,isa))>0) then

               veg_mean_height = sum(CPHT(:,ISA)*SLAI(:,ISA)) / sum(SLAI(:,ISA))

            else

               veg_mean_height = 0.

            end if

            ! avoid considerably low height/zero height

            !rough surface/biomass 1cm min value

            if (veg_mean_height < 0.01) then

                veg_mean_height = 0.01

            end if

        else

            !observation based

            !read vegetation height and cover

            ndat=0

            open(FNUM,file=veg_ht_cover_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(veg_date(ndat),veg_ht(2,ndat))

            veg_ht = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) veg_date(i), veg_ht(1,i),veg_ht(2,i)

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (veg_date(i)==idate) then

                    veg_mean_height = veg_ht(1,i) !meters

                    nval=i

                    exit

                end if

            end do

            ! keep the observtion date until new observation

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                veg_mean_height_stor = veg_mean_height

            endif

            veg_mean_height = veg_mean_height_stor ! store observation

            

        end if

        !vegetation cover

        !veg_cover_fraction=fgc(isa)

        if (LWE_ICOV==1) then

            ! fraction ground cover, calculated in CGROW 

            veg_cover_fraction=fgc(isa)

            !avoid zero cover value 

            !natural vegetation has standing biomass

            if (veg_cover_fraction < 0.05) then

                veg_cover_fraction =0.05

            end if 

                

        else

            !input from measurement

            ndat=0

            open(FNUM,file=veg_ht_cover_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(cov_date(ndat),veg_cover(2,ndat))

            veg_cover = 0.

        

            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) cov_date(i), veg_cover(1,i),veg_cover(2,i) !1 height 2 cover from input data

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (cov_date(i)==idate) then

                    veg_cover_fraction = veg_cover(2,i) !fraction

                    nval = i

                    exit

                end if

            end do

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                veg_cover_fraction_stor = veg_cover_fraction

            endif

            veg_cover_fraction = veg_cover_fraction_stor

        end if

            



        if (LWE_IPLT==1) then

            ! Option 1: gap parameterization using APEX simulation

            ! extract mean vegetation height in m

                    !take daily variables from APEX

         !take daily variables from APEX

            nplt = NCP(IRO(ISA),ISA)

            allocate(PPLP2_MAX(nplt),PP_X(nplt),LAI_MAX(nplt),LAI_MIN(nplt))

            !LAI_MIN = 0.1

            DO K=1,nplt

                JJK = LY(IRO(ISA),K,ISA)

                PP_X(K) = POP(JJK,IHU(JJK,ISA),ISA)

                LAI_MAX(K) = DMLA(JJK)

                LAI_MIN(K) = DMLA(JJK)*0.01 !1%DMLA

                PPLP2_MAX(K) = PPLP_MAX(JJK)  !MAX plant population based on PPLP2

                IF(PPLP2_MAX(K)<PP_X(K)) PPLP2_MAX(K) = PP_X(K) * 1.1

                IF(LAI_MIN(K)>SLAI(JJK,ISA)) LAI_MIN = SLAI(JJK,ISA) * 0.9

            END DO

        

            gap_adj=plant_gap(WSA(ISA),PPLP2_max,PP_x,LAI_MAX,LAI_MIN,SLAI(:,ISA),nplt)

            

            call compute_gapdist_by_mean(gap_adj,veg_mean_height)

      

        elseif (LWE_IPLT==2) then

            ! Option 2: use obsered gap data

            ndat=0

            open(FNUM,file=gap_dist_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(gap_date(ndat),gap_val(2,ndat),curday_gap(2,ndat))

            gap_val = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gap_date(i), gap_val(1,i), gap_val(2,i)

                

            end do

            close(FNUM)

            nval = 0

            do i=1,ndat

                if (gap_date(i)==idate) then

                    nval = nval + 1

                    curday_gap(:,nval) = gap_val(:,i) !meters

                    !idate_match= idate ! used below for height & cover

                    

                end if

            end do

            if (nval /= 0) then

                curday_gap_stor(:,1:nval) = curday_gap

                nval_gap = nval

            endif

            curday_gap = curday_gap_stor !store observation

            nval =nval_gap 

            

            

            call gapdist_raw_obs(curday_gap,veg_mean_height,nval)

        else

            ! Option 3: use field observed mean gap distance

            ndat=0

            open(FNUM,file=gap_mean_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(gap_date(ndat),gap_val(1,ndat))

            gap_val = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gap_date(i), gap_val(1,i)

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                if (gap_date(i)==idate) then

                    cur_gap = gap_val(1,i) !meters

                    nval = i

                    !idate_match= idate

                    exit

                end if

            end do

            if (nval /= 0) then

                curday_gap_mean_stor = cur_gap

            endif

            cur_gap = curday_gap_mean_stor !store observation           

            

            call compute_gapdist_by_mean(cur_gap,veg_mean_height)

        

        end if



        ! Soil properties

        site_soil_name = TITSO(ISA)

        sand = SAN(LID(1,ISA),ISA) / 100.

        silt = SIL(LID(1,ISA),ISA) / 100.

        clay = CLA(LID(1,ISA),ISA) / 100.

        

        sol_nam1 = trim(site_soil_name)

        sol_nam2 = sol_nam1(1:len(sol_nam1)-4)

        

        ! reading and formatting soil database 

        ! data type for each column

        ! Shao, Y. (2004), Simplification of a dust emission scheme and comparison with data, J. Geophys. Res., 109

        open(FNUM,file=soil_psd_fname,status='old')

        ndat=0

        do while (err==0)

            read(FNUM,'(a30)',iostat=err) itmp

            if(itmp(1:8)=='        '.or.err/=0) exit

            ndat = ndat + 1

        end do

        rewind(FNUM)

        ndat = ndat - 1

        allocate(soil_names(ndat),soil_parms_data(ndat,24))

        err = 0

        read(FNUM,*) itmp

        do i=1,ndat

            read(FNUM,*) soil_names(i),(soil_parms_data(i,j),j=1,24)

            if (soil_names(i)==sol_nam2) then

                soil_type = sol_nam2

                err = 1

                exit

            end if

        end do

        close(FNUM)

        !In APEX the soil fraction should be taken from the existing APEX soil database

        if (err==0) then

            call get_nearest_soil_type(soil_type,soil_names,soil_parms_data,ndat,sand,silt,clay) 

        end if

               

        !Minimally/Fully dispersed soil parms

        do i=1,ndat

            if(soil_names(i)==soil_type) then

                min_disp_params(:,1) = soil_parms_data(i,1:3)

                min_disp_params(:,2) = soil_parms_data(i,4:6)

                min_disp_params(:,3) = soil_parms_data(i,7:9)

                min_disp_params(:,4) = soil_parms_data(i,10:12)

                full_disp_params(:,1) = soil_parms_data(i,13:15)

                full_disp_params(:,2) = soil_parms_data(i,16:18)

                full_disp_params(:,3) = soil_parms_data(i,19:21)

                full_disp_params(:,4) = soil_parms_data(i,22:24)

                exit

            endif

        end do

        !Calculate particle size distribution for minimally/fully dispersed soils

        soil_psd_parm = min_disp_params   

        call soil_psd_by_soilparm(soil_psd_parm)

        psd_m = soil_psd

        soil_psd_parm = full_disp_params

        call soil_psd_by_soilparm(soil_psd_parm)

        psd_f = soil_psd

        

        ! compute soil texture fractions( sand, silt and clay)

        call get_sand_silt_clay(sand,silt,clay) 

        soil_clay_fraction = clay

        

        !soil moisture fraction 

        LD1 = LID(1,ISA)

        soil_moisture_mass_fraction = SWST(LD1,ISA)*10. / WT(LD1,ISA) ! t/ha water per t/ha soil

        !soil_moisture_mass_fraction = 0.0



        nbinw = size(wind_pdf,2)

        nbinvg = size(gap_pdf,2)

        

        !shear velocity

        call compute_ustar_okin()

        !threshold frcition velocity

        call ustart(psd_m,psd_f,soil_moisture_mass_fraction,soil_clay_fraction)

        !print*, ustar_t_dry



        !horizxontal flux

        call horizontal_flux()

        

        !vertical flux

        call Vflux_Shao_11()

        ustar_total = sum(ustar_okin_pdf(:,1)*ustar_okin_pdf(:,2))

        ustart_total = sum(ustart_pdf(:,2)*ustart_pdf(:,3))

        write(10022018,'(I6,2I4,I10,20ES10.3)')IYR,MO,KDA,ISA,U10(IRF(ISA)),&

        hflux_total,vflux_total,ustar_total,ustart_total,veg_cover_fraction,&

        veg_mean_height,gap_adj,soil_moisture_mass_fraction

        deallocate(wind_pdf,gap_pdf,ustar_okin_pdf,vflux_pdf)

    End SUBROUTINE
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    Subroutine EWER2_init()

        !This subroutine estimates daily soil loss by wind erosion using the Landscape Wind Erosion (LWE) model 

        !given aveage daily wind speed, soil texture, and vegetation status.

        !Created on Mon Aug 20 11:21:54 2018

        !

        !@author: tadesse.abitew

        USE LWE_lib

        use parm

        INTEGER(kind=8):: FNUM=5127679232,err

        allocate(soil_psd(PSD_BINCOUNT,4),psd_m(PSD_BINCOUNT,4),psd_f(PSD_BINCOUNT,4),ustart_pdf(PSD_BINCOUNT,3),hflux_pdf(PSD_BINCOUNT,3))



        ! Read input in the Landscape Wind Erosion input file

        open(FNUM,file=FLWE)  

        read(FNUM,*) lwe_idat

        read(FNUM,*) lwe_z0

        read(FNUM,*) okin_A

        read(FNUM,*) okin_efold

        read(FNUM,*) okin_ssr0

        read(FNUM,*) pdf_factor

        read(FNUM,*) SHAO_11_CY

        read(FNUM,*) PLASTP

        read(FNUM,*) KAPPA

        read(FNUM,*) 

        read(FNUM,*) LWE_IWND

        read(FNUM,*) LWE_IPLT

        read(FNUM,*) LWE_IHT

        read(FNUM,*) LWE_ICOV

        read(FNUM,*) max_cangap

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) wind_data_fname

        read(FNUM,*) gamma_parm_fname

        read(FNUM,*) gap_dist_fname 

        read(FNUM,*) gap_mean_fname 

        read(FNUM,*) soil_psd_fname

        read(FNUM,*) veg_ht_cover_fname

        read(FNUM,*) wind_daily_fname

        close(FNUM)



        if (LWE_IWND==3) then

            open(FNUM,file=wind_data_fname,status='old')

            read(FNUM,'(a8)',iostat=err) tmp

            if(err/=0) then

               write(*,*)'Error while reading '//wind_data_fname

               stop

            endif

            

            read(FNUM,'(a8)',iostat=err) wind_idate

            if(err/=0) then

               write(*,*)'Error while reading '//wind_data_fname

               stop

            endif

            CLOSE(FNUM)

        endif

        

        End SUBROUTINE
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    Module LWE_LIB

    !this module contains subroutines that estimates horizontal flux and vertical flux of wind erosion 

    !in subareas using the Landscape Wind Erosion (LWE) model.

    

    contains



    ! vegatation gap pdf

    Subroutine gapdist_raw_obs(gap_obsv,veg_mean_height,nval)

        ! This function formates gap pdf based on input distribution data

        ! Input variables: gap_obsv: vegetation gap pdf data (two columns: vegation gap distance, probability)

        !                  veg_mean_height: mean vegetation height (m)

        ! BINCOUNT: number of bins to format the wind speed pdf

        ! Output variable: gap_pdf: vegetation gap pdf 

                         

        use parm

        integer, intent(in):: nval

        integer:: i, nbin

        real, dimension(2,nval), intent(in):: gap_obsv

        real, intent(in):: veg_mean_height

        real:: GAP_MAX=20,GAP_MIN=0.1,epsilon=1e-6

        real*4, dimension(nval):: vg_data,prob

        real, dimension(:,:), allocatable:: data_vg

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(BINCOUNT):: bin_mids,bin_pdf,p_gapdist

        real:: range,wtt,psum

        !integer::nval_raw

        

       

        vg_data(:) = gap_obsv(1,:) + epsilon

        prob(:) = gap_obsv(2,:)

       

        GAP_MAX = maxval(vg_data)

        GAP_MIN = minval(vg_data)

        psum = sum(prob) ! probability summation

        !nval_raw=0

        !do i=1,nval

        !    if (vg_data(i) >= GAP_MIN .and. vg_data(i) <= GAP_MAX) then

        !        print*, vg_data(i) >= GAP_MIN, vg_data(i),GAP_MIN

        !        nval_raw =nval_raw+1

        !    end if

        !end do

            

        

        ! if input gap data is less than input BINCOUNT

        if (nval<=BINCOUNT) then

            

            do i=1,nval 

                prob(i) = prob(i) / psum 

            end do

            

            !sort the data based on gap distance

            call quicksort(vg_data,prob,1,nval) 

            

             !find unique values for vegetation gap. bin-mid points uniquness/ multiple equal values

            bin_mids(1) = vg_data(1)

            nbin = 1

            do i=2,nval

                if (vg_data(i)/=vg_data(i-1)) then

                    bin_mids(nbin) = vg_data(i)

                    nbin = nbin + 1

                end if    

            end do



            allocate(gap_pdf(2,nbin))

            do i=1,nbin

                gap_pdf(1,i) = bin_mids(i)

            end do

            

            ! Aggregrate probabilities for unique vg gap values

            do i=1,nbin

                wtt=0.

                do j=1,nval

                    if (bin_mids(i)==vg_data(j)) then

                        wtt = wtt + prob(j)

                    end if

                end do

                gap_pdf(2,i) = wtt

            end do

                

        else

            ! for higher data_count than BINCOUNT

            ! recalculating gap values and probabilty for a given BINCOUNT (100)        



            nbin = BINCOUNT ! set bin number

            range = GAP_MAX - GAP_MIN ! set gap range

            

            !linear bin

            do i=0,nbin

                bin_boundaries(i) = float(i)/float(nbin) * range + GAP_MIN

            end do

            

            ! gap bin mid points

            do i=1,nbin

                bin_mids(i) = sum(bin_boundaries(i-1:i))/2.

            end do

            

            do i=0,nbin-1

                wtt=0.

                do j=1,nval

                    ! sum p values within the lower and upper wind speed (bin range)

                    if (bin_boundaries(i)<= vg_data(j).and.vg_data(j)<bin_boundaries(i+1)+2*epsilon) then

                        wtt = wtt + prob(j)

                    end if

                end do

                bin_pdf(i+1) = wtt

            end do

            

            nbinvg = nbin

            allocate(gap_pdf(2,nbin))

            gap_pdf(1,:) = bin_mids(:)

            gap_pdf(2,:) = bin_pdf(:)

        end if

        ! Normalize gap length to veg height and

        ! convert gap length probability to distance occurrance probability.

        ! The distance probability will be normalized by Distribution.

        p_gapdist(:) = gap_pdf(2,:) / gap_pdf(1,:) 

        p_gapdist(:) = p_gapdist(:) / sum(p_gapdist)

        gap_pdf(1,:) = gap_pdf(1,:) / veg_mean_height

        gap_pdf(2,:) = p_gapdist(:)



    

    End Subroutine

    

        ! vegatation gap pdf

    Subroutine compute_gapdist_by_mean(gap_meansize,veg_mean_height)

        use parm

        real, intent(in):: gap_meansize,veg_mean_height

        real:: gap_scale,scaled_mean,scaled_min,scaled_max,scale,offset,weight_total,prob

        real:: max_gap=20.0, min_gap=0.2

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(1:BINCOUNT):: bin_mids,pu_pdf

        

        allocate(gap_pdf(2,BINCOUNT))

        if (veg_mean_height<0.1) then

            gap_scale = 10.

        else

            gap_scale = 1./veg_mean_height

        end if

        

        scaled_mean = gap_meansize * gap_scale

        scaled_min = min_gap * gap_scale

        scaled_max = max_gap * gap_scale

        offset = log10(scaled_min)

        scale = log10(scaled_max) - offset

        

        do i=0,BINCOUNT

            bin_boundaries(i) = 10**(float(i)/float(BINCOUNT)*scale + offset) 

        end do

        

        bin_mids(:) = bin_boundaries(0:BINCOUNT-1)

        gap_pdf(1,:) = bin_mids(:)



        do i=1,BINCOUNT

            prob = exp(-bin_mids(i)/scaled_mean)

            pu_pdf(i) = prob

        end do

        

        weight_total = sum(pu_pdf)

        do i=1,BINCOUNT

            gap_pdf(2,i) = pu_pdf(i) / weight_total

        end do

        

    End Subroutine

       

    function plant_gap(fld_area,PP_max,PP_x,LAI_MAX,LAI_MIN,LAI_SIM,nplt)

        ! This method computes the average approximated plant gap based on plant population 

        ! and daily LAI within APEX model.

        ! This is static value computed once at the beginning of the simulation

        ! input: field_area- the area of the field or subarea (ha)

        !        PP_max- maximum plant population corresponding to the %max LAI for values above 95%

        !        PP_min- the minimum plant population corresponding to low %max LAI values..set to 0

        !                this is based on the relationship described in page 114-115 of the APEX user manual

        !        PP_x- user prescribed plant population in the APEX model.

        !        LAI_max- maximum LAI for a plant 

        !        LAI_min -minimum LAI for a plant 

        !        LAI_sim- simulated daily LAI value

        !        nplt- number of plant type growing..multi-crop condition

        ! output: gap_x- computed plant gap based on field dimension and plant population, meters 

        !         gap_xadj - adjusted plant gap that takes into account LAI development, meters



        integer, intent(in):: nplt

        real, dimension(nplt), intent(in):: pp_max, pp_x, LAI_MAX, LAI_SIM,LAI_MIN

        real, dimension(nplt):: pp_min

        real, intent(in):: fld_area

        Real:: area_m2, gap_max, pp_wt_total,lai_wt_total,plant_gap

        

        ! all field polygons are approximated to circular area

        PP_min=0.

        area_m2 = fld_area * 10000.0 ! ha to m2 conversion #

        gap_max = 2 * sqrt(area_m2 / 3.14159) 

       

        pp_wt_total=0.

        do i=1,nplt

            wtt=(PP_min(i) - PP_x(i))/(PP_min(i) - PP_max(i))

            pp_wt_total = pp_wt_total + wtt

        end do

        

        if (pp_wt_total > 1.0) then

            pp_wt_total=1.0 ! constraining PP_x for a vaialble fixed space to grow

        end if

        gap_min=0.2     ! the lowest gap threshold based on Li et al 2013  

        

        ! mean gap (m)

        gap_x= gap_max-(gap_max - gap_min)*pp_wt_total

     

        ! adjust gap based on current LAI

        lai_wt_total=0.

        do i=1,nplt

            wtt=(LAI_sim(i) - LAI_min(i))/(LAI_max(i) - LAI_min(i))

            lai_wt_total = lai_wt_total + wtt

        end do

        

        lai_wt_total=min(lai_wt_total,1.0) 

        if (lai_wt_total < 0.15) then !beginning of the growing season

            plant_gap=gap_x*(1.-exp(-4.5+lai_wt_total))

        else

            plant_gap=gap_x*(1.-exp(-2.25+lai_wt_total))

        end if

        

    end function



    Subroutine Wind_pdf_by_obsv(wind_obsv,numd)

        !This function formates wind speed pdf based on input distribution data

        !Input variables: wind_obsv: wind speed pdf data (two columns: wind speed, probability)

        !                 scale: scale value for unit conversion cm/s to m/s( depends on the unit)

        !                        scale=1.0 when u speed in m/s

        !                 UMAX: minimum wind speed (m/s)

        !                 MAX_U: maximum wind speed (m/s)

        !                 BINCOUNT: number of bins to format the wind speed pdf

        !Output variable: wind_pdf: wind speed pdf (m/s)

        use parm             

        integer, intent(in):: numd

        real, dimension(2,numd), intent(inout)::wind_obsv

        real, dimension(:,:), allocatable::data_p

        real*4, dimension(numd)::wind,prob,wind_u,prob_u

        real:: psum, vel_range, min_wind

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(BINCOUNT):: bin_mids, bin_pdf

        real:: epsilon=1.e-6

        

        

        ! read input wind speed data

        wind_obsv(1,:) = wind_obsv(1,:) + epsilon   

        vel_range=min(umax, maxval(wind_obsv(1,:))- minval(wind_obsv(1,:))) ! data range

        psum=sum(wind_obsv(2,:)) ! wind speed probability summation

    

!       # wind= wind speed, prob= probablity

        ! combine wind speed and probability

        wind(:) = wind_obsv(1,:)

        prob(:) = wind_obsv(2,:)/ psum

       

        !sort wind speed pdf based on the first column (wind speed values)

        call quicksort(wind,prob,1,numd) 



        if (size(wind_obsv,2) <= 100) then

            ! if input wind speed data is less than input BINCOUNT 

            !find unique values for wind speed. bin-mid points uniquness/ multiple equal values

            

            wind_u(1) = wind(1)

            nbin = 1

            do i=2,numd

                if (wind(i)/=wind(i-1)) then

                    nbin = nbin + 1

                    wind_u(nbin) = wind(i)

                    

                end if    

            end do

        

            allocate(data_p(2,nbin))

            do i=1,nbin

                data_p(1,i) = wind_u(i)

            end do

            

            ! Aggregrate probabilities for unique wind speed values

            do i=1,nbin

                wtt=0.

                do j=1,numd

                    if (data_p(1,i)==wind(j)) then

                        wtt = wtt + prob(j)

                    end if

                end do

                data_p(2,i) = wtt

            end do

            

            allocate(wind_pdf(2,nbin))

            wind_pdf = data_p 

            

        else

            ! for higher data_count than BINCOUNT

            ! recalculating wind speed and probabilty for a given BINCOUNT (100)

            nbin = BINCOUNT

           

            ! linear bin size

            ! wind speed bin boundaries

            min_wind = minval(wind_obsv(1,:))

            do i=0,nbin

                bin_boundaries(i) =float(i) / float(nbin) * vel_range + min_wind

            end do

            ! wind speed bin mid points

            do i=1,nbin

                bin_mids(i) = sum(bin_boundaries(i-1:i)) / 2.           

            end do



            epsilon=1.e-6  

            do i=0,nbin-1

                wtt=0.

                do j=1,numd

                    ! sum p values within the lower and upper wind speed (bin range)

                    if (bin_boundaries(i)<= wind(j).and.wind(j)<bin_boundaries(i+1)+2*epsilon) then

                        wtt = wtt + prob(j)

                    end if

                end do

                bin_pdf(i+1) = wtt

            end do

            

            allocate(wind_pdf(2,nbin))

            wind_pdf(1,:) = bin_mids(:)

            wind_pdf(2,:) = bin_pdf(:)

            

        endif

    End Subroutine



    Subroutine wind_rayleigh_pdf(u_mean,k)

        !this function takes average wind speed, and gamma prameter

        !to produce wind speed gamma distribution

        USE parm

        real, intent(in):: u_mean

        integer i,nn,i1,i2,k

        real:: u,usq,p50,base,sc

        real:: cdf(5000),u_bin(5000),bin_boundaries(0:100),bin_mids(0:99),aaa(5000)

        

        !gamma function

        call simple_weibull(umin, umax, u_bin,u_mean, cdf,k)

       

         aaa(:) = abs(cdf(:)-0.5)

         i1 = minloc(aaa,1)

         p50 = u_bin(i1)  ! 50th percentile

        

        base = (umax/p50 - 1.)**(2./BINCOUNT)

        sc = (umax-umin) / (base**BINCOUNT -1.)

        

        do i=0,BINCOUNT

            bin_boundaries(i) = umin + (base**i -1.) * sc

        end do                       

        do i=1,BINCOUNT

            bin_mids(i-1) = sum(bin_boundaries(i-1:i)) / 2.

        end do

        do i=0,BINCOUNT-1

            aaa(:) = abs(u_bin(:) - bin_boundaries(i+1))

            i1 = minloc(aaa,1)

            aaa(:) = abs(u_bin(:) - bin_boundaries(i))

            i2 = minloc(aaa,1)

            wind_pdf(1,i+1) = bin_mids(i)

            wind_pdf(2,i+1) = cdf(i1) - cdf(i2)

        end do

        

        weight_total=sum(wind_pdf(2,:))

        wind_pdf(2,:) = wind_pdf(2,:) / weight_total

        

    End subroutine    

    Subroutine wind_gamma_pdf(alpha, loc, scale)

        !this function takes average wind speed, and gamma prameter

        !to produce wind speed gamma distribution

        USE parm

        real, intent(in):: alpha, loc, scale

        integer i,nn,i1,i2

        real:: u,usq,p50,base,sc

        real:: cdf(5000),u_bin(5000),bin_boundaries(0:100),bin_mids(0:99),aaa(5000)

        

        !gamma function

        call simple_gamma(umin, umax, u_bin, cdf, alpha, loc, scale)

       

         aaa(:) = abs(cdf(:)-0.5)

         i1 = minloc(aaa,1)

         p50 = u_bin(i1)  ! 50th percentile

        

        base = (umax/p50 - 1.)**(2./BINCOUNT)

        sc = (umax-umin) / (base**BINCOUNT -1.)

        

        do i=0,BINCOUNT

            bin_boundaries(i) = umin + (base**i -1.) * sc

        end do

                                   

        do i=1,BINCOUNT

            bin_mids(i-1) = sum(bin_boundaries(i-1:i)) / 2.

        end do

        

        do i=0,BINCOUNT-1

            aaa(:) = abs(u_bin(:) - bin_boundaries(i+1))

            i1 = minloc(aaa,1)

            aaa(:) = abs(u_bin(:) - bin_boundaries(i))

            i2 = minloc(aaa,1)

            wind_pdf(1,i+1) = bin_mids(i)

            wind_pdf(2,i+1) = cdf(i1) - cdf(i2)

        end do

        

        weight_total=sum(wind_pdf(2,:))

        wind_pdf(2,:) = wind_pdf(2,:) / weight_total

            

    End subroutine    



    Subroutine simple_gamma(minval,maxval,x,cdf,alpha,a,beta)

        real, intent(in):: minval,maxval,alpha,a,beta

        real, intent(out):: x(5000),cdf(5000)

        real:: pdf(5000)

        

        cdf = 0.

        do i=1,5000

            x(i) = minval + (maxval-minval) * i / 5000.

            pdf(i) = (x(i)-a)**(alpha-1.)*exp((a-x(i))/beta)

        end do



        sumval = sum(pdf(:))

        pdf(1) = pdf(1) / sumval

        cdf(1)=pdf(1)

        do i=2,5000

            pdf(i) = pdf(i) / sumval

            cdf(i) = cdf(i-1) + pdf(i)

        end do

        

    End subroutine

    

    Subroutine simple_weibull(minval,maxval,x,umean,cdf,k)

        real, intent(in):: minval,maxval,umean

        integer, intent(in):: k

        real, intent(out):: x(5000),cdf(5000)

        real:: pdf(5000)

        real::c

        

        cdf = 0.

        do i=1,5000

            x(i) = minval + (maxval-minval) * i / 5000.

            c = 2*umean/3.14159 !pi 

            pdf(i) = (k/c)*(x(i)/c)**(k-1)*exp(-(x(i)/c)**k)

        end do

        sumval = sum(pdf(:))

        pdf(1) = pdf(1) / sumval

        cdf(1)=pdf(1)

        do i=2,5000

            pdf(i) = pdf(i) / sumval

            cdf(i) = cdf(i-1) + pdf(i)

        end do

        

    End subroutine

    

    ! vertical sediment flux

    Subroutine Vflux_Shao_11()

        !This function computes vertical sediment flux as function of soil psd, shear velocity , horizontal sedment flux and threshold friction velocity

        use parm

        real(kind=8):: GRAVITY_ACCEL,SHAO_DUST_BINS,PSD_DUST_CUTOFF,RHO_BULK,rys,a1,a3,a2,sigma_m,ghl,zeta1,ustar_t_min

        real(kind=8):: dpsdf(PSD_BINCOUNT),psdm(PSD_BINCOUNT),psdf(PSD_BINCOUNT),wtd_hflux(PSD_BINCOUNT),ind_l(10),ind_h(10)

        real(kind=8), dimension(:,:), allocatable:: fmatrix,ustar_dp

        real(kind=8), dimension(:), allocatable:: vflux_psd

        integer:: ndata,n_psd,i_dust_cutoff,nval

        

        i_dust_cutoff = 0

        nval = size(ustar_okin_pdf,1)

        

        !Input variable: 

        GRAVITY_ACCEL = 9.81 ! m2/s accelaration due to gravity

        !SHAO_11_CY = 0.000057 ! constant

        SHAO_DUST_BINS = 10 ! dust bin count

        !PLASTP = 20250.  ! Pa Soil plastc pressure 

        PSD_DUST_CUTOFF = 20 !microns dust emission cutoff particle diameter 

        RHO_BULK = 1000. !kg/m3 bulk density

    

        !length of psd values lower that the dust emission cutoff

        do i=1,PSD_BINCOUNT

            if (psd_m(i,1)<=PSD_DUST_CUTOFF) i_dust_cutoff = i_dust_cutoff + 1  ! idst

        end do

        

        n_psd = PSD_BINCOUNT ! soil psd bin count =imax

        allocate(fmatrix(n_psd,n_psd),vflux_psd(n_psd),vflux_pdf(n_psd,3))

        fmatrix = 0.  ! imax x imax matrix



        ! psd values for soil

        ! note the column numbers of the array/matrix

        dpsdf = psd_f(:,3) ! fully

        psdm = psd_m(:,2) ! minimally

        psdf = psd_f(:,2) !fully

        ustar_t_min = minval(ustart_pdf(:,2))

        !note dont use hflux_pdf(:,1) below

        wtd_hflux(:) = hflux_pdf(:,2) * hflux_pdf(:,3)   ! weighted horizontal flux values 

        ustar_dp = ustar_okin_pdf ! wind shear velocity input

        zeta1 = sqrt(RHO_BULK / PLASTP) ! equation 13 in report

        do i = 1,nval 

            if (ustar_dp(i,1) <= ustar_t_min) cycle

            ghl = exp(-KAPPA * (ustar_dp(i,1) - ustar_t_min)**3) ! equation 14

                ! equation 11

            sigma_m = (12. * (ustar_dp(i,1) * zeta1) ** 2) * (1. + 14. * (ustar_dp(i,1) * zeta1))

            ! pre multiply constant factors

            a2 = (1. + sigma_m) * SHAO_11_CY * GRAVITY_ACCEL

        

            do i_sand = i_dust_cutoff, n_psd-1

                do j_dust = 1, i_dust_cutoff

                    ! equiation 12

                    a1 = dpsdf(j_dust) * ((1. - ghl) + ghl * psdm(j_dust) / psdf(j_dust))

                    

                    a3 = wtd_hflux(i_sand+1) / (ustar_dp(i,1) * ustar_dp(i,1))

                    ! assig value to each matrix entry

                    fmatrix(i_sand+1,j_dust) = fmatrix(i_sand+1,j_dust) + a1 * a2 * a3 * ustar_dp(i,2)

                end do

            end do

        end do

        

        vflux_total = 0.

        do i_sand = i_dust_cutoff, n_psd

            vflux_total = vflux_total + sum(fmatrix(i_sand,:))

        end do

        vflux_total = vflux_total * 1000. *86400. !g/m2/day

        ! produce a psd corresponding to vertical flux

        do i = 1, n_psd

            vflux_psd(i) = sum(fmatrix(:,i))

        end do

        !write(073120191,'(ES10.3)')fmatrix(:,1)

        vflux_pdf(:,1) = psd_m(:,1)

        vflux_pdf(:,2) = vflux_psd(:)

        vflux_pdf(:,3) = 1.

        ! produce a lower resolution dust distribution array

            ! CONSTANTS

        ! ind_l corresponding to size 0.1 0.3 0.5 0.7 1 2 3 5 7 10

        ind_l = (/1, 25, 36, 43, 51, 66, 75, 86, 93, 101/)

        ! ind_h corresponding to size 0.3 0.5 0.7 1 2 3 5 7 10 20

        ind_h = (/24, 35, 42, 50, 65, 74, 85, 92, 100, 116/) 

        do k_bin = 1, SHAO_DUST_BINS

            do j_dust = ind_l(k_bin), ind_h(k_bin)

                do i_sand = i_dust_cutoff+1, n_psd

                    vflux_pdf(k_bin,1) = vflux_pdf(k_bin,1) + fmatrix(i_sand,j_dust)

                end do

            end do

        end do

    End Subroutine



    ! Horizontal sediment flux

    Subroutine horizontal_flux()

        !This function computes the horizontal sediment flux

        !Input variables: ustar:wind shear velocity pdf (m/s)

        !                 ustart: threshold fricition velocity (m/s)

        !                 soil_psd_max: soil psd parameters for fully dispersed

        !Output variable: hflux_pdf: size resolved horizontal sediment (kg/m/s)

        !                 hflux_total:total horizontal sediment flux (kg/m/s)

        use parm

        

        real:: RHO_AIR,GRAVITY_ACCEL,bare_soil_fraction,hflux_factor,hflux,term1

        real:: ustar_t_dp(PSD_BINCOUNT,2),h_flux(PSD_BINCOUNT)

        real, dimension(:,:),allocatable:: ustar_dp

        integer:: nval

    

        h_flux = 0.;hflux_total=0.

        nval = size(ustar_okin_pdf,1)

        allocate(ustar_dp(nval,2))

        

        RHO_AIR = 1.23  ! kg/m3 density of air

        GRAVITY_ACCEL = 9.81  ! m2/s accelration due to gravity

        bare_soil_fraction=1.0 -veg_cover_fraction! 

        ! Refer equation 9 from the report.

        hflux_factor = okin_A *RHO_AIR / GRAVITY_ACCEL * bare_soil_fraction

    

        ustar_dp = ustar_okin_pdf ! wind shear velocity

        ustar_t_dp(:,:) = ustart_pdf(:,2:3)

        ! non zero horizontal sediment flux values when ustar >ustar_t only

        do i=1,PSD_BINCOUNT                                                    

            hflux = 0.

            do j=1,nval

                if (ustar_dp(j,1) < ustar_t_dp(i,1)) then

                    term1=0.

                else

                    term1= ustar_dp(j,1)**3*(ustar_dp(j,1) - ustar_t_dp(i,1))*ustar_dp(j,2)

                end if

                hflux = hflux + term1

            end do

        

            hflux = hflux * hflux_factor

            h_flux(i) = hflux

        end do

        hflux_pdf(:,1) = psd_f(:,1)

        hflux_pdf(:,2) = h_flux(:)

        hflux_pdf(:,3) = ustar_t_dp(:,2) ! size resolved horizontal sediment flux matrix (200*3)

        

        do i=1,PSD_BINCOUNT

            hflux_total = hflux_total + hflux_pdf(i,2) * hflux_pdf(i,3)  ! total horizontal sediment flux=bluk sediment flux kg/m/s

        end do

        hflux_total = hflux_total * 1000. *86400. !g/m/day

    end subroutine

 

    ! Threshold friction velocity

    Subroutine ustart(soil_psd_min,soil_psd_max,soil_moisture_mass_fraction,soil_clay_fraction)

        !This function compute threshold friction velocity based on Iversen and White (1982)

        !Input variables: soil particle size distribution parameters for:

        !                 minimally (soil_psd_min) and fully (soil_psd_max) dispersed soil

        !                 soil_moisture_mass_fraction: soil water content of the soil (-)

        !                 soil_clay_fraction: soil clay fraction 

        !                 veg_cover_frcation: vegetation cover fraction (-)

        !                 ustar_pdf: wind shear velocity pdf

        !Output variables: particle size resolved threshold friction velocity (m/s)

        use parm

        real(kind=8), intent(in):: soil_psd_min(PSD_BINCOUNT,4),soil_psd_max(PSD_BINCOUNT,4),soil_moisture_mass_fraction,soil_clay_fraction

        real:: w,clay_pct,w_prime,ustar_t_moisture_modifier,ustar_t_dry

        real::ustar_t_p(PSD_BINCOUNT),ustar_t_d(PSD_BINCOUNT),dpsd_mix(PSD_BINCOUNT,3)

        real, dimension(:,:), allocatable:: ustar_dp

        real, dimension(PSD_BINCOUNT):: aaa

        integer:: nd1

        

        ustar_t_p = 0

        ! moisture modifier computation Fecan 1999

        w = soil_moisture_mass_fraction * 100.

        ! add waring message for above 1.0 moisture fraction

        if (w > 100.0) print *, "soil moisture fraction > 1.0"



        clay_pct = soil_clay_fraction * 100. ! clay fraction percentage

        w_prime = (0.0014*clay_pct*clay_pct + 0.17*clay_pct)

        if (w<w_prime) then

            ustar_t_moisture_modifier = 1. ! no soil moisture effect= dry

        else

            ustar_t_moisture_modifier = (1. + 1.21*(w-w_prime)**0.68)**0.5

        endif

        

        ustar_t_drag_modifier=1.  ! vegetation effect modifier



        !threshold friction velocity

        do i=1,PSD_BINCOUNT

            call ustart_by_dia(soil_psd_min(i,1),ustar_t_dry)

            ustar_t_d(i) = ustar_t_moisture_modifier * ustar_t_drag_modifier * ustar_t_dry

        end do 

        ustar_t_min = minval(ustar_t_d) ! minimum value

        nd1 = size(ustar_okin_pdf,1)

        allocate(ustar_dp(nd1,2))

        ustar_dp = ustar_okin_pdf ! wind shear velocity pdf

        !compute the probability for threshold friction velocity 

        do i=1,nd1

            if (ustar_dp(i,1) < ustar_t_min) cycle

            ghl = exp( -0.5*(ustar_dp(i,1) - ustar_t_min)**3. )

        

            dpsd_mix(:,1) = ghl * soil_psd_min(:,2) + (1.-ghl) * soil_psd_max(:,2)   ! 2nd column of the input data

            dpsd_mix(:,2) = ghl * soil_psd_min(:,3) + (1.-ghl) * soil_psd_max(:,3)   ! 3rd column 

            dpsd_mix(:,3) = ghl * soil_psd_min(:,4) + (1.-ghl) * soil_psd_max(:,4)   ! 4th column

    

            do j=1,PSD_BINCOUNT

                ustar_t_p(j) = ustar_t_p(j) + dpsd_mix(j,2) * ustar_dp(i,2)  

            end do

        end do

        ! renormalize

        psum = sum(ustar_t_p) ! summation 



        if (psum > 0.) then

            ustar_t_p(:) = ustar_t_p(:) / psum

        endif

    

        ! threshold friction velocity pdf (dia, ustar_t and probability matrix)

        ustart_pdf(:,1) = soil_psd_max(:,1)

        ustart_pdf(:,2) = ustar_t_d(:)

        ustart_pdf(:,3) = ustar_t_p(:)

        

        ! dia_min= 50#Iverson and White 1982  37micron m

        !ustart_min = minval(ustart_pdf(:,2))

        !aaa(:) = abs(ustart_pdf(:,2)- ustart_min)

        !index = minloc(aaa,1)

        !ustart_min_p = ustart_pdf(index,3)

        !do i=1,index

        !    ustart_pdf(i,2) = ustart_min

        !    ustart_pdf(i,3) = ustart_min_p

        !end do



    End subroutine    

 

    !Ustart as a function of particle size only

    Subroutine ustart_by_dia(dia,ustar_t_dry)

        !This function computes ustart as a function of particle size only

        !Input variable: dia: particle size (micron meter)

        !Output variable: thershold friction velocity for dry condition

        real(kind=8), intent(in)::dia

        real, intent(out)::ustar_t_dry

        real::RHO_GRAIN,GRAVITY_ACCEL,RHO_AIR,IVERSEN_WHITE_82_COHES_FORCE,IVERSEN_WHITE_82_AN,dm,term1,term2

        

        RHO_GRAIN = 2650. !kg/m3 particle density

        GRAVITY_ACCEL = 9.81 !m2/s  accelaration due to gravity

        RHO_AIR = 1.23 !kg/m3 air density

        IVERSEN_WHITE_82_COHES_FORCE = 1.65e-4 ! constant

        IVERSEN_WHITE_82_AN = 0.0123 ! constant

        dm = dia * 1e-6  ! microns to meters

        ! refer to euation 3

        term1 = RHO_GRAIN * GRAVITY_ACCEL * dm / RHO_AIR

        term2 = IVERSEN_WHITE_82_COHES_FORCE / (RHO_AIR * dm)

        ustar_t_dry = sqrt(IVERSEN_WHITE_82_AN * (term1 + term2))

    

    End subroutine



    Subroutine get_nearest_soil_type(soil_type,soil_names,input_data_soil,ndat,sand,silt, clay) 

        !This finds the nearest soil type based on soil fraction input and psd

        !Input variables:input_data_soil: soil psd parameters database

        !                sand,silt,clay: fraction soil texture

        !Output: soil type

        integer, intent(in):: ndat

        character(len=20),dimension(ndat),intent(in):: soil_names

        real,dimension(ndat,24),intent(in):: input_data_soil

        real, intent(in):: sand, silt, clay

        character(len=20),intent(out):: soil_type

        real,dimension(3,4)::soil_parm

        real:: dist



        dist = 1e10

        !iterate through the soil parameter database

        !first column should be soil names (string) and the rest numeric parameter values

        do i=1,ndat

            ! extract parameters psd parameters for fully dispersed soil

            soil_parm(:,1) = input_data_soil(i,13:15)

            soil_parm(:,2) = input_data_soil(i,16:18)

            soil_parm(:,3) = input_data_soil(i,19:21)

            soil_parm(:,4) = input_data_soil(i,22:24)



            ! get psd by soil type

            call soil_psd_by_soilparm(soil_parm)   

    !    

            ! compute soil texture fractions( sand, silt and clay)

            call get_sand_silt_clay(fsand,fsilt,fclay) 

            d = (fsand-sand)**2 + (fsilt-silt)**2 + (fclay-clay)**2 ! compute the distance from the input frcations

    !        ! get the nearest soil to the input fractions 

    !        print d

            if (d<dist) then

                dist = d

                soil_type = soil_names(i)

            end if

        end do

    end subroutine   



    !Compute the sand, silt and clay content of a soil

    Subroutine get_sand_silt_clay(fsand,fsilt,fclay)

        !This function computes the sand, silt and clay content of a soil based on soil psd

        !Input variables: soil_psd: soil particle size distribution for a specific soil

        !               PSD_BINCOUNT: soil particle size distribution bin number

        !Output variable: soil sand, silt and clay fractions 

        use parm

        real, intent(out):: fsand, fsilt, fclay

        real:: isand,isilt,iclay

        isand=0.;isilt=0.;iclay=0.

        

        do i=1,PSD_BINCOUNT

            d = soil_psd(i,1) ! particle size (dia), first column

            !fractions computation

            if (d<2.) then

                iclay = iclay + soil_psd(i,3)

            elseif (d<=50. .and. d>=2.0) then

                isilt = isilt + soil_psd(i,3)

            else

                isand = isand + soil_psd(i,3)

            end if

        end do

    

        sums = isand + isilt + iclay

        if (sums<=0.) print *, "Soil type has invalid psd"

        fsand = isand/sums

        fsilt = isilt/sums

        fclay = iclay/sums 

    End subroutine 

    

    !Computes the soil particle size distribution for a give soil

    Subroutine soil_psd_by_soilparm(soil_parm)

        !This function computes the soil particle size distribution for a give soil

        !lognormal distribution parameter (see on Shao 2004 page 2 )

        !Input variables: soil_parm: soil psd parameters from database for a specified soil type

        !                           lognormal distribution parameters wtt, dln and sig

        !                 PSD_BINCOUNT: soil particle size distribution bin number

        !                 PSD_MAX: maximum particle size (micron meter)

        !                 PSD_MIN: minimum particle size (micron meter)

        !Output variable: soil particle size distribution (psd)

        use parm

        real,dimension(3,4),intent(in)::soil_parm

        integer:: i,i_bin

        real:: offset,scale,EPSILON,ptotal,ccn,pp,p,PSD_MIN,PSD_MAX

        real, dimension(:), allocatable:: bin_boundaries,dia,dmid,psd,dpsd,ppsd

       

        PSD_MIN=.1; PSD_MAX=1000.

        allocate(bin_boundaries(PSD_BINCOUNT+1),dia(PSD_BINCOUNT+1),dmid(PSD_BINCOUNT))

        allocate(psd(PSD_BINCOUNT),dpsd(PSD_BINCOUNT),ppsd(PSD_BINCOUNT))

        psd=0; dpsd=0; ppsd=0

        offset = log10(PSD_MIN)

        scale = log10(PSD_MAX) - offset

        !particle size bin boundaries

        do i=1, PSD_BINCOUNT+1

            bin_boundaries(i) = 10**((i-1)/float(PSD_BINCOUNT)*scale + offset) 

        end do

        dia = bin_boundaries

    

        ! bin mind points

        do i=1, PSD_BINCOUNT

            dmid(i) = exp((log(dia(i+1)) + log(dia(i)))/2.) 

        end do

    

        ptotal = 0.

        EPSILON = 1e-7 ! constant

        ccn = 1. / sqrt(2.*3.14159) ! constant

        do i_bin=1,PSD_BINCOUNT

            pp = 0.

            do i=1,4

                wtt=soil_parm(1,i)

                dln=soil_parm(2,i) 

                sig=soil_parm(3,i)

            

                if (wtt>EPSILON .and. sig/=0.) then

                    p = wtt * ccn / sig * exp(-(log(dmid(i_bin))-dln)**2/(2.*sig**2))

                else

                    p=0.

                endif

                pp = pp + p

            end do

                

            psd(i_bin) = pp / dmid(i_bin)  ! p(d), particle size distribution density

            dpsd(i_bin) = pp * (log(dia(i_bin+1)) - log(dia(i_bin)))

            ptotal = ptotal + dpsd(i_bin)

            ppsd(i_bin) = ptotal

        end do

    

        ! renormalisation, in case ppsd(nbins) is not 1

        psd  = psd / ptotal  ! psd pdf value at bin midpoint divided by bin midpoint value.

        dpsd = dpsd / ptotal !dpsd  probability distribution function

        ppsd = ppsd / ptotal ! ppsd  cumulative distribution function

        

        ! soil_psd 200*3 matrix output

        soil_psd(:,1) = dmid(:)

        soil_psd(:,2) = psd(:)

        soil_psd(:,3) = dpsd(:)

        soil_psd(:,4) = ppsd(:)

    End subroutine

     

    !compute shear velocity based on drag partitioning

    Subroutine compute_ustar_okin()

        !This function computes shear velocity based on drag partitioning formulation

        !in okin (2008)

        !Input variables: wind_pdf: wind speed pdf (m/s) ! two column matrix (u,p)

        !                 gap_pdf:vegetation gap distribution (m/m) ! two column matrix(gap,p)

        !             

        !Output variable: ustar_pdf: shear velocity pdf (m/s)

        use parm

        real(kind=8):: VON_KARMAN_K,wind_height,epsilon,buf(2)

        real(kind=8), dimension(nbinw):: u_at_height,ustar,p_ustar_

        real(kind=8), dimension(nbinw,2):: ustar_wall_pdf

        real(kind=8), dimension(nbinvg):: dist_ssr

        real(kind=8), dimension(nbinvg,2):: dist_ssr_pdf

        real(kind=8), dimension(nbinw*nbinvg)::ustar_od,ustar_op,p_ustar,bin_md

        real(kind=8), dimension(nbinw*nbinvg+1)::bin_bd

        real(kind=8), dimension(nbinw*nbinvg,2)::ustar_o

        real(kind=8), dimension(:), allocatable:: bin_mid,bin_boundaries,bin_pdf

        integer:: nval

       

        ndata = nbinw*nbinvg

        VON_KARMAN_K= 0.4 ! von Karman constant

        !z0 = 0.00077 ! aerodynamics roughness height 

        wind_height=10.0 ! wind speed measurement height! it should be changed if other than 10

        ! wind speed mid-bins

        u_at_height(:) = wind_pdf(1,:) ! wind speed values! first column of the input wind _pdf

        a = log(wind_height/lwe_z0)

    

        ustar(:) = u_at_height(:) * VON_KARMAN_K / a ! wind shear velocity without vegetation

        p_ustar_(:) = wind_pdf(2,:) ! probability of wind speed values ! second column of the input wind_pdf

        !print*, ustar, p_ustar

        

    

        ustar_wall_pdf(:,1)=ustar(:)

        ustar_wall_pdf(:,2)=p_ustar_(:)

        !okin_ssr0=0.32 ! constant

        !okin_efold=5.6 !! constant

        !epsilon = 1e-8 !! constant

        

        ! the right side of equation 1 from the report

        do i=1,nbinvg

            dist_ssr(i) = okin_ssr0 + (1. - okin_ssr0) * (1. - exp(-gap_pdf(1,i) / okin_efold))  ! array values with size equal to gap_pdf

        end do

        

        !dist_ssr and gap probability combined

        dist_ssr_pdf(:,1)=dist_ssr(:)

        dist_ssr_pdf(:,2)=gap_pdf(2,:)

        !print*, dist_ssr_pdf(1:20,:)

    

        !cross product of dist_ssr_pdf and ustar without summing 

        k=0

        do i=1,nbinw

            do j=1,nbinvg

                k = k + 1

                ustar_od(k) = ustar_wall_pdf(i,1) * dist_ssr_pdf(j,1)

                ustar_op(k) = ustar_wall_pdf(i,2) * dist_ssr_pdf(j,2)

            end do

        end do

        ustar_o(:,1)=ustar_od(:) ! convert for numpy array format

        ustar_o(:,2)=ustar_op(:) ! convert for numpy array format

        !sort to increasing order by shear velocity values

        do irow = 1, ndata

            krow = minloc(ustar_o(irow:ndata, 1), dim=1) + irow - 1

            buf(:) = ustar_o(irow,:)

            ustar_o(irow,:) = ustar_o(krow,:)

            ustar_o(krow,:) = buf(:)

        end do

    !    

        ! wind shear velocity pdf

        epsilon = 1e-4 

        ! ustar_okin_pdf=np.column_stack((ustar_o_sort[:,0],_p_ustar))

        nval=0

        j=1

        bin_bdu = 0.

        do i=1,ndata

            if (i==1) then

                bin_md(j) = ustar_o(i,1)

                bin_bd(j) = ustar_o(i,1) - 2*epsilon

                bin_bd(j+1) = ustar_o(i,1) + 2*epsilon

                j = j + 1

            endif

            

            if (ustar_o(i,1)<bin_bd(j)) then

                cycle            

            end if

           

            bin_md(j) = ustar_o(i,1)

            bin_bd(j+1) = ustar_o(i,1) + 2*epsilon

           

            j = j + 1

        end do

        nval = j - 1

        allocate(bin_mid(nval),bin_boundaries(nval+1),bin_pdf(nval),ustar_okin_pdf(nval,2))

        bin_mid(:) = bin_md(1:nval)

        bin_boundaries(:) = bin_bd(1:nval+1)

      

        do i=1,nval

            wtt=0.

            do j=1,ndata

                if (bin_boundaries(i)<ustar_o(j,1).and.ustar_o(j,1)<=bin_boundaries(i+1)) then

                    wtt = wtt + ustar_o(j,2)

                end if

            end do

            bin_pdf(i) = wtt

        end do

        psum = sum(bin_pdf)

        bin_pdf(:) = bin_pdf(:) / psum

      

        do i=1,nval

            bin_pdf(i) = 10**pdf_factor * bin_pdf(i)

        end do

        

        ! wind shear velocity pdf

        ustar_okin_pdf(:,1)=bin_mid(:)

        ustar_okin_pdf(:,2)=bin_pdf(:)

        

    

    end subroutine

 

    recursive subroutine quicksort(a, b, first, last)

      implicit none

      real*4,dimension(last),intent(inout):: a, b

      real*4:: x, t

      integer first, last

      integer i, j

    

      x = a( (first+last) / 2 )

      i = first

      j = last

      do

         do while (a(i) < x)

            i=i+1

         end do

         do while (x < a(j))

            j=j-1

         end do

         if (i >= j) exit

         t = a(i);  a(i) = a(j);  a(j) = t; b(i) = b(j)

         i=i+1

         j=j-1

      end do

      if (first < i-1) call quicksort(a, b, first, i-1)

      if (j+1 < last)  call quicksort(a, b, j+1, last)

      end subroutine quicksort

    !

    end module








src/EWIK.f90

      SUBROUTINE EWIK

!     THIS SUBPROGRAM ESTIMATES THE SOIL ERODIBILITY FACTOR FOR THE WIND

!     EROSION EQ.

      USE PARM

      LD1=LID(1,ISA)

      IF(SAN(LD1,ISA)>85.+.5*CLA(LD1,ISA))THEN

          WK=1.

          RETURN

      END IF

      IF(SAN(LD1,ISA)>70.+CLA(LD1,ISA))THEN

          WK=.43

          RETURN

      END IF

      IF(SIL(LD1,ISA)>80..AND.CLA(LD1,ISA)<12.)THEN

          WK=.12

          RETURN

      END IF

      IF(CAC(LD1,ISA)>0.)THEN

          IF(SAN(LD1,ISA)<45..OR.CLA(LD1,ISA)<20..OR.SIL(LD1,ISA)>28.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF  

      IF(CLA(LD1,ISA)<7.)THEN

          IF(SIL(LD1,ISA)<50.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<20.)THEN

          IF(SAN(LD1,ISA)>52.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<27.)THEN

          IF(SIL(LD1,ISA)<28.)THEN

              WK=.18

              RETURN

          ELSE

              WK=.16

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<35..AND.SAN(LD1,ISA)<20.)THEN

          WK=.12

          RETURN

      END IF

      IF(CLA(LD1,ISA)<35.)THEN

          IF(SAN(LD1,ISA)<45.)THEN        

              WK=.16

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(SAN(LD1,ISA)>45.)THEN

          WK=.18

          RETURN

      ELSE

          WK=.16 !Susan to improve wind erosion, 2020

          RETURN

      END IF

      RETURN

      END






src/EWNINT.f90

      SUBROUTINE EWNINT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY POTENTIAL WIND EROSION FOR A BARE

!     SOIL BY INTEGRATING EROSION RATES WITH TIME GIVEN THE WIND SPEED

!     DISTRIBUTION

      USE PARM

      WW=ATRI(.1,.35,.6,9)

      SUM=.6424*WW**(-.1508)*EXP(.4336*WW)

      DU10=USTRT/.0408

      Y1=DU10/U10(IRF(ISA))

      X1=EXP(-Y1**(1./WW))

      X11=X1

      DX=.1

      YW(IDO)=0.

      Z1=0.

      DO WHILE(DX>1.E-4)

          X2=X1-DX

          IF(X2>0.)THEN

              Y2=(-LOG(X2))**WW

              Z2=EROWN(Y2)

              XY=(Y1+Y2)*DX

              XZ=(Z2+Z1)*DX

              YW(IDO)=YW(IDO)+XZ

              X1=X2

              Y1=Y2

              Z1=Z2

              IF(XY<.1)CYCLE

          END IF

          DX=DX*.5

      END DO

      YW(IDO)=.5*YW(IDO)*X11/SUM

      RETURN

      END






src/EYCC.f90

      SUBROUTINE EYCC(ISX)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE USLE C FACTOR BASED ON PLANT POP &

!     BIOMASS & RESIDUE COVER

      USE PARM

      NN=NCP(IRO(ISX),ISX)

      SUM=0.

      TOT=0.

      DO I=1,NBSL(ISX)

          L=LID(I,ISX)

          IF(Z(L,ISX)>PMX(ISX))GO TO 3

          IF(I>1)TOT=TOT+RSD(L,ISX)

          DO K=1,NN

              SUM=SUM+RWT(L,JE(K,ISX),ISX)

          END DO

      END DO

      GO TO 4

    3 KK=LID(I-1,ISX)

      RTO=(PMX(ISX)-Z(KK,ISX))/(Z(L,ISX)-Z(KK,ISX))

      TOT=TOT+RTO*RSD(L,ISX)

      DO K=1,NN

          SUM=SUM+RTO*RWT(L,JE(K,ISX),ISX)

      END DO

    4 SUM=SUM/PMX(ISX)

      TOT=TOT/(PMX(ISX)-.01)

      FRUF=MIN(1.,EXP(-.026*(RRUF(ISX)-6.1)))

      IF(CVRS(ISX)<15.)THEN

          FRSD=EXP(-PRMT(46)*CVRS(ISX))

      ELSE

          FRSD=.0001

      END IF    

      X1=MAX(FGC(ISX),FGSL(ISX))

      FBIO=1.-X1*EXP(-PRMT(47)*CHMX(ISX))

      IF(IRP(ISX)>0)THEN

          FPPL=.9*(1.-CVP(ISX))+.1

      ELSE

          FPPL=1.

      END IF

      CVF(ISX)=FRSD*FBIO*FRUF*FPPL

      CVF(ISX)=CVF(ISX)*EXP(-.03*ROK(LID(1,ISX),ISX))

      RETURN

      END






src/EYSED.f90

      SUBROUTINE EYSED(JRT)

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY SOIL LOSS CAUSED BY WATER EROSION

!     AND ESTIMATES THE NUTRIENT ENRICHMENT RATIO.

      USE PARM

      JRT=0

      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      CALL EYCC(ISA)

      IF(ISLF>0)THEN

          XX=CVF(ISA)*USL(ISA)

      ELSE

          XX=CVF(ISA)*RSLK(ISA)

      END IF

      QMM=.1*QVOL(IDO)/WSAX

      YLM=QMM

      IF(RFV(IRF(ISA))>12.7)THEN

          ! USLE

          YSD(2,IDO)=MIN(YLM,EI*XX*1.292)*WSAX

          SMM(25,MO,ISA)=SMM(25,MO,ISA)+CVF(ISA)*EI

          SMM(24,MO,ISA)=SMM(24,MO,ISA)+EI

          VAR(24,ISA)=EI

          X1=EI*CVF(ISA)

          RXM=BETA/(1.+BETA)

	      RLFX=UPSX(ISA)**RXM

	      YI=MIN(YLM,.5*X1*RSK(ISA))

          YSSK=1.5*X1*RLFX*RSK(ISA)

	      SUM=PSZX(1)*SAN(LD1,ISA)

	      SUM=SUM+PSZX(2)*SIL(LD1,ISA)

	      SUM=SUM+PSZX(3)*CLA(LD1,ISA)

	      SUM=.01*PRMT(65)*SUM/(QPR(IDO)+1.E-5)

	      T2=PRMT(66)*QPR(IDO)*STP(ISA)

          ! RULSE2

	      IF(T2>YI)THEN

	          YSD(1,IDO)=YSSK

	      ELSE

	          YSD(1,IDO)=MAX(0.,YI+SUM*(T2-YI))

	      END IF

	      YSD(1,IDO)=MIN(YLM,YSD(1,IDO))*WSAX

          IF(QMM>0.)CALL ERHEM

      END IF

      IF(QMM<1.)THEN

          JRT=1

          RETURN

      END IF

      REPC=REP*(QMM/(RFV(IRF(ISA))+.1))**.1

      QQ=QMM*RQRB(IDO)

      X3=1.+WSAX

      ! MUSS

      YSD(3,IDO)=MIN(YLM,.79*X3**.009*QQ**.65*XX)*WSAX

      X1=SQRT(QQ)

      ! MUST

      YSD(5,IDO)=MIN(YLM,PRMT(33)*X1*XX)*WSAX

      CX(MO,ISA)=CX(MO,ISA)+1.

      ! MUSL

      YSD(4,IDO)=MIN(YLM,1.586*X3**.12*QQ**.56*XX)*WSAX

      LD1=LID(1,ISA)      

      IF(RSDM(LD1,ISA)>0.)THEN

          X2=PRMT(71)*AGPM(ISA)

          IF(X2<10.)THEN

              X2=EXP(-X2)

          ELSE

              X2=.00005

          END IF

          YMNU(IDO)=MIN(.9*RSDM(LD1,ISA),PRMT(62)*X1*X2*SLF(ISA)*&

          PEC(ISA)*RSDM(LD1,ISA)**PRMT(68))

          YMNU(IDO)=MAX(0.,YMNU(IDO))*WSAX

          IF(IDFH(ISA)>0)SYMU=SYMU+YMNU(IDO)

      END IF

      IF(URBF(ISA)>0.)THEN

          DO I=1,6

              YSD(I,IDO)=YSD(I,IDO)*(1.-URBF(ISA))+URBF(ISA)*QURB(IDO)*.00003

          END DO

      END IF

      IF(YSD(NDRV,IDO)>PRMT(93))SMM(144,MO,ISA)=SMM(144,MO,ISA)+1.

      DRTO=MAX(.001,MIN(.99,(RQRB(IDO)/(REPC+1.E-5))**.56))

      DRAV(IDO)=DRAV(IDO)+DRTO

      B1=LOG(DRTO)/4.47

      SUM=0.

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,ISA)

          X1=MAX(-10.,B1*PSZ(I))

          PCT(I,IDO)=MAX(.0001,PCT(I,ISA)*EXP(X1))

          SUM=SUM+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(SUM+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PCT(I,IDO)*PSZY(I)

      END DO

      CY=YSD(NDRV,IDO)/QVOL(IDO)

      IF(IERT==0)THEN

          B2=LOG10(DRTO)/2.699

          B1=1./.1**B2

          ERTO=B1*(CY+1.E-4)**B2

          ERTP=ERTO

      ELSE

          ERTO=PRMT(54)/(CY+1.E-4)**PRMT(55)

          ERTP=PRMT(57)/(CY+1.E-4)**PRMT(58)

      END IF

      RETURN

      END






src/GASDF3.f90

      SUBROUTINE GASDF3

      ! APEX1501

      ! THIS PROGRAM SOLVES THE GAS DIFFUSION EQUATION

      USE PARM

      DIMENSION XTP1(MSL,MSA),XTP2(MSL,MSA),XTP3(MSL,MSA),XTP4(MSL,MSA),&

      XTP5(MSL,MSA),XTP6(MSL,MSA),XTP7(MSL,MSA),XTP8(MSL,MSA),XTP9(MSL,MSA),&

      XTP10(MSL,MSA),XTP11(MSL,MSA),XTP12(MSL,MSA),XTP13(MSL,MSA),XTP14&

      (MSL,MSA),XTP15(MSL,MSA),XTP16(MSL,MSA),XTP17(MSL,MSA),XTP18(MSL,MSA),&

      XTP19(MSL,MSA),YTP(MSL,MSA)

      DIMENSION XTP21(MSC,MSA),XTP22(MSC,MSA),XTP23(MSC,MSA),XTP24(MSC,MSA),&

      XTP25(MSC,MSA),XTP26(MSC,MSA),XTP27(MSC,MSA),XTP30(MSC,MSA),&

      XTP31(MSC,MSA),XTP32(MSC,MSA),XTP33(MSC,MSA),XTP34(MSC,MSA),&

      XTP35(MSC,MSA),XTP36(MSC,MSA),XTP37(MSC,MSA)

      DATA GASC/0.08205783/,DCAO,DCAC,DCAN/.06132,.05556,.05148/,CUPO,CUPC,&

      CUPN/299.,.2089,.0003925/

      DZX=1000.*DZDN

      DTG10=10.*DTG

      SM1=0.

      AD1=0.

      AD2=0.

      AD3=0.

      TOT1=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          YTP(L,ISA)=RSPC(L,ISA)

          XTP1(L,ISA)=WNO3(L,ISA)

          XTP2(L,ISA)=WNO2(L,ISA)

          XTP3(L,ISA)=WN2O(L,ISA)

          XTP4(L,ISA)=WBMC(L,ISA)

          XTP5(L,ISA)=RWT(L,JJK,ISA)

          XTP6(L,ISA)=MAX(1.E-10,DRWX(L,ISA))

          XTP7(L,ISA)=WCO2L(L,ISA)

          XTP8(L,ISA)=WCO2G(L,ISA)

          XTP9(L,ISA)=WN2OL(L,ISA)

          XTP10(L,ISA)=WN2OG(L,ISA)

          XTP11(L,ISA)=WO2L(L,ISA)

          XTP12(L,ISA)=WO2G(L,ISA)

          XTP13(L,ISA)=SSFCO2(L,ISA)

          XTP14(L,ISA)=SSFN2O(L,ISA)

          XTP15(L,ISA)=SSFO2(L,ISA)

          XTP16(L,ISA)=VCO2(L,ISA)

          XTP17(L,ISA)=VN2O(L,ISA)

          XTP18(L,ISA)=VO2(L,ISA)

          XTP19(L,ISA)=WNH3(L,ISA)

          SM1=SM1+WNO3(L,ISA)+WNO2(L,ISA)+WN2O(L,ISA)

          AD1=AD1+WN2O(L,ISA)

          AD2=AD2+WN2OG(L,ISA)

          AD3=AD3+WN2OL(L,ISA)

          TOT1=TOT1+WBMC(L,ISA)

      END DO

      CALL AINTRI(PO,TPOR,NBSL(ISA),NBCL)

      CALL AINTRI(SWST,VWC,NBSL(ISA),NBCL)

      CALL AINTRI(S15,VWP,NBSL(ISA),NBCL)

      CALL AINTRIC(STMP,SOT,NBSL(ISA),NBCL)

      CALL AINTRI(YTP,RSPC,NBSL(ISA),NBCL)

      CALL AINTRI(XTP1,WNO3,NBSL(ISA),NBCL)

      CALL AINTRI(XTP2,WNO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP3,WN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP4,WBMC,NBSL(ISA),NBCL)

      CALL AINTRI(XTP5,RWTZ,NBSL(ISA),NBCL)

      CALL AINTRI(XTP6,DRWX,NBSL(ISA),NBCL)

      CALL AINTRI(XTP7,WCO2L,NBSL(ISA),NBCL)

      CALL AINTRI(XTP8,WCO2G,NBSL(ISA),NBCL)

      CALL AINTRI(XTP9,WN2OL,NBSL(ISA),NBCL)

      CALL AINTRI(XTP10,WN2OG,NBSL(ISA),NBCL)

      CALL AINTRI(XTP11,WO2L,NBSL(ISA),NBCL)

      CALL AINTRI(XTP12,WO2G,NBSL(ISA),NBCL)

      CALL AINTRI(XTP13,SSFCO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP14,SSFN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP15,SSFO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP16,VCO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP17,VN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP18,VO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP19,WNH3,NBSL(ISA),NBCL)

      CALL AINTRI(FC,VFC,NBSL(ISA),NBCL)

      CALL ICECALC(0)

      AD4=0.

      AD5=0.

      AD6=0.

      TOT2=0.

      DO I=1,NBCL

          AD4=AD4+WN2O(I,ISA)

          AD5=AD5+WN2OG(I,ISA)

          AD6=AD6+WN2OL(I,ISA)

          TOT2=TOT2+WBMC(I,ISA)

      END DO

      ZZ=DZX

      !Z1=1000.*(Z(LID(NBSL(ISA)))-ZC(NBCL-1))

      !IF(Z1<1.E-5)NBCL=NBCL-1

      DO I=1,NBCL

          IF(I==NBCL)ZZ=1000.*(Z(LID(NBSL(ISA),ISA),ISA)-ZC(NBCL-1,ISA))

          TPOR(I,ISA)=TPOR(I,ISA)/ZZ

          VWC(I,ISA)=VWC(I,ISA)/ZZ

          VFC(I,ISA)=VFC(I,ISA)/ZZ

          VWP(I,ISA)=VWP(I,ISA)/ZZ

          ABST=SOT(I,ISA)+273.15

          AFP(I,ISA)=MAX(1.E-5,TPOR(I,ISA)-VWC(I,ISA))

          HKF=.018/(GASC*ABST)

          X1=.01*ABST

          XXO=EXP(-66.7354+87.4755/X1+24.4526*LOG(X1))

          HKPO(I,ISA)=HKF*(1./XXO-1.)

          ! HERE WE OBTAIN HENRYS CONST AS A FUNCT OF SOIL T DIRECTLY

          ! UNITS ARE kpa M3 MOL-1

          XXC=EXP(-8.286*LOG(ABST)+46.742)*1.E-03

          HKPC(I,ISA)=HKF*(1./XXC-1.)

          XXN=EXP(-60.7467+88.828/X1+21.2531*LOG(X1))

          HKPN(I,ISA)=HKF*(1./XXN-1.)

      END DO

      DO I=1,NBCL

          IF(I<NBCL)THEN

             ! Estimate soil properties at grid cell boundaries using

             ! linear interpolation (NB: someday we might want to do

             ! a spline interpolation here)

             ABST=.5*(SOT(I,ISA)+SOT(I+1,ISA))+273.15

             XTPOR=.5*(TPOR(I,ISA)+TPOR(I+1,ISA))

             XVWC=.5*(VWC(I,ISA)+VWC( I+1,ISA))

             XVFC=.5*(VFC(I,ISA)+VFC(I+1,ISA))

             XAFP=.5*(AFP(I,ISA)+AFP(I+1,ISA))

          ELSE

             ! for the last grid cell we don't have a value to

             ! interpolate with, so just use the cell-center value.

             ABST=SOT(I,ISA)+273.15

             XTPOR=TPOR(I,ISA)

             XVWC=VWC(I,ISA)

             XVFC=VFC(I,ISA)

             XAFP=AFP(I,ISA)

          END IF

          HKF=.018/(GASC*ABST)

          ! THIS IS THE MILLINGTON-QUIRCK COEFF

          EPS=XAFP**3.333/XTPOR**2

          ! DIFFUSION COEFFICIENT IN SOIL

          DCSO=DCAO*EPS

          X1=.01*ABST

          XXO=EXP(-66.7354+87.4755/X1+24.4526*LOG(X1))

          XHKPO=HKF*(1./XXO-1.)

          X3=ABST/273.15

          X4=X3**1.75

          DPRO(I,ISA)=DCSO*XAFP/(XTPOR+XVWC*(1./XHKPO-1.))*X3*X3

          DCSC=DCAC*EPS

          ! HERE WE OBTAIN HENRYS CONST AS A FUNCT OF SOIL T DIRECTLY

          ! UNITS ARE kpa M3 MOL-1

          XXC=EXP(-8.286*LOG(ABST)+46.742)*1.E-03

          XHKPC=HKF*(1./XXC-1.)

          DPRC(I,ISA)=DCSC*XAFP/(XTPOR+XVWC*(1./XHKPC-1.))*X4

          DCSN=DCAN*EPS

          XXN=EXP(-60.7467+88.828/X1+21.2531*LOG(X1))

          XHKPN=HKF*(1./XXN-1.)

          DPRN(I,ISA)=DCSN*XAFP/(XTPOR+XVWC*(1./XHKPN-1.))*X4

      END DO

      IF(IY==1.AND.IDA==IBD)CALL CCONI

      ! SET TO 0. LAYER ARRAYS OF DAILY PRODUCTION AND CONSUMPTION

      ! OF GASES (O2, CO2, N2O, N2 AND N2O+N2 [DDENIT])

      DO I=1,NBCL

          DO2CONS(I,ISA)=0.

          DCO2GEN(I,ISA)=0.

          DN2OG(I,ISA)=0.

          DN2G(I,ISA)=0.

      END DO

      ! INITIALIZE DAILY GAS FLUXES (WBM & RCI, 8/25/11)      

      SMEA=0.

      SMES=0.

      DFO2S=0.

      DFCO2S=0.

      DFN2OS=0.

      DFO2B=0.

      DFCO2B=0.

      DFN2OB=0.

      DFO2T=0.

      DFCO2T=0.

      DFN2OT=0.      

      TIME=0.

      ! TIME LOOP TO CALCULATE GENERATION AND CONSUMPTION OF

      ! GASES, GAS TRANSPORT, AND FLUX AT THE SURFACE

      DO IT=1,NBDT

          TIME=TIME+DTG

          ! CALCULATE GENERATION AND CONSUMPTION OF GASES

          CALL NDNITCI

          ! RE-CALCULATE GAS CONCENTRATIONS IN LIQUID AND AIR PHASES

          ! PRODUCTION AND CONSUMPTION OF GASES

          CALL NCCONC

          WO2GB=0.

          WCO2GB=0.

          WN2OGB=0.

          WO2GA=0.

          WCO2GA=0.

          WN2OGA=0.

          DO J=1,NBCL

              X1=AFP(J,ISA)*DZ10

              WO2GB=WO2GB+CGO2(J,ISA)*X1

              WCO2GB=WCO2GB+CGCO2(J,ISA)*X1

              WN2OGB=WN2OGB+CGN2O(J,ISA)*X1

              !IF(J==NBCL-1)THEN

                  !WO2GBT=WO2GB

                  !WCO2GBT=WCO2GB

                  !WN2OGBT=WN2OGB

              !END IF

          END DO

          ! MOVE O2 AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGO2(:,isa),DPRO,CUPO,DCAO,FLXO2)    ! CGO2 modified to CGO2(:,isa) - Luca Doro

          ! MOVE CO2 AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGCO2(:,isa),DPRC,CUPC,DCAC,FLXCO2)    ! CGCO2 modified to CGCO2(:,isa) - Luca Doro

          ! MOVE N2O AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGN2O(:,isa),DPRN,CUPN,DCAN,FLXN2O)    ! CGN2O modified to CGN2O(:,isa) - Luca Doro

          ! RECALCULATE GAS CONCENTRATIONS IN LIQUID AND GAS PHASES

          DO J=1,NBCL

              AO2C(J,ISA)=CGO2(J,ISA)*AFP(J,ISA)+CLO2(J,ISA)*VWC(J,ISA)

              ACO2C(J,ISA)=CGCO2(J,ISA)*AFP(J,ISA)+CLCO2(J,ISA)*VWC(J,ISA)

              AN2OC(J,ISA)=CGN2O(J,ISA)*AFP(J,ISA)+CLN2O(J,ISA)*VWC(J,ISA)

              X2=AN2OC(J,ISA)*DZ10

              WN2O(J,ISA)=X2

              X1=AFP(J,ISA)*DZ10

              WO2GA=WO2GA+CGO2(J,ISA)*X1

              WCO2GA=WCO2GA+CGCO2(J,ISA)*X1

              WN2OGA=WN2OGA+CGN2O(J,ISA)*X1

              !IF(J==NBCL-1)THEN

                  !WO2GAT=WO2GA

                  !WCO2GAT=WCO2GA

                  !WN2OGAT=WN2OGA

              !END IF    

          END DO

          DFO2T=DFO2T+(WO2GA-WO2GB)*DTG

          DFCO2T=DFCO2T+(WCO2GA-WCO2GB)*DTG

          DFN2OT=DFN2OT+(WN2OGA-WN2OGB)*DTG

          DFO2S=DFO2S+FLXO2*DTG10 

          DFCO2S=DFCO2S+FLXCO2*DTG10

          DFN2OS=DFN2OS+FLXN2O*DTG10

          DFO2B=DFO2T-DFO2S

          DFCO2B=DFCO2T-DFCO2S

          DFN2OB=DFN2OT-DFN2OS

          CALL NCCONC

      END DO

      SN2O=0.

      SN2=0.

      SDN=0.

      AD7=0.

      AD8=0.

      AD9=0.

      TOT3=0.

      DO J=1,NBCL

          IF(SMES(J,ISA)>0.)THEN

              EAR(J,ISA)=SMEA(J,ISA)/SMES(J,ISA)

          ELSE

              EAR(J,ISA)=1.

          END IF

          X1=AFP(J,ISA)*DZ10

          WO2G(J,ISA)=CGO2(J,ISA)*X1

          WCO2G(J,ISA)=CGCO2(J,ISA)*X1

          WN2OG(J,ISA)=CGN2O(J,ISA)*X1

          X1=VWC(J,ISA)*DZ10

          WO2L(J,ISA)=CLO2(J,ISA)*X1

          WCO2L(J,ISA)=CLCO2(J,ISA)*X1

          WN2OL(J,ISA)=CLN2O(J,ISA)*X1

          !IF(VWC(J,ISA)>VFC(J,ISA).AND.SOT(J,ISA)>0.)THEN

          SN2=SN2+DN2G(J,ISA)

          SN2O=SN2O+DN2OG(J,ISA)

          SDN=SDN+(DN2OG(J,ISA)+DN2G(J,ISA))    ! original statement SDN=SDN+WSA(ISA)*(DN2OG(J,ISA)+DN2G(J,ISA)) Luca Doro

          !END IF

          XTP21(J,ISA)=WNO3(J,ISA)

          XTP22(J,ISA)=WNO2(J,ISA)

          XTP23(J,ISA)=WN2O(J,ISA)

          XTP24(J,ISA)=WBMC(J,ISA)

          XTP25(J,ISA)=EAR(J,ISA)

          XTP26(J,ISA)=WN2OG(J,ISA)

          XTP27(J,ISA)=WN2OL(J,ISA)

          !XTP28(J,ISA)=DN2G(J,ISA)

          !XTP29(J,ISA)=DN2OG(J,ISA)

          XTP30(J,ISA)=RSPC(J,ISA)

          XTP31(J,ISA)=WO2G(J,ISA)

          XTP32(J,ISA)=WO2L(J,ISA)

          XTP33(J,ISA)=WCO2G(J,ISA)

          XTP34(J,ISA)=SSFN2O(J,ISA)

          XTP35(J,ISA)=WCO2L(J,ISA)

          XTP36(J,ISA)=VN2O(J,ISA)

          XTP37(J,ISA)=WNH3(J,ISA)

          AD7=AD7+WN2O(J,ISA)

          AD8=AD8+WN2OG(J,ISA)

          AD9=AD9+WN2OL(J,ISA)

          TOT3=TOT3+WBMC(J,ISA)

      END DO

      IF(KFL(41)>0)WRITE(KW(41),19)IYR,MO,KDA,VAR(4,ISA),(VWC(K,ISA),K=1,NBCL),&

      (AFP(K,ISA),K=1,NBCL),(WNH3(K,ISA),K=1,NBCL),(WNO3(K,ISA),K=1,NBCL),&

      (WNO2(K,ISA),K=1,NBCL),(WO2L(K,ISA),K=1,NBCL),(WO2G(K,ISA),K=1,NBCL),&

      (DO2CONS(K,ISA),K=1,NBCL),DFO2S,DFO2B,DFO2T,QO2,(SSFO2(K,ISA),K=1,NBCL),&

      (VO2(K,ISA),K=1,NBCL),(WCO2L(K,ISA),K=1,NBCL),(WCO2G(K,ISA),K=1,NBCL),&

      (DCO2GEN(K,ISA),K=1,NBCL),DFCO2S,DFCO2B,DFCO2T,QCO2,(SSFCO2(K,ISA),&

      K=1,NBCL),(VCO2(K,ISA),K=1,NBCL),(WN2OL(K,ISA),K=1,NBCL),&

      (WN2OG(K,ISA),K=1,NBCL),DFN2OS,DFN2OB,DFN2OT,QN2O,(SSFN2O(K,ISA),&

      K=1,NBCL),(VN2O(K,ISA),K=1,NBCL),(DN2OG(K,ISA),K=1,NBCL),&

      (DN2G(K,ISA),K=1,NBCL),(SMEA(K,ISA),K=1,NBCL),(SMES(K,ISA),K=1,NBCL),&

      (EAR(K,ISA),K=1,NBCL)

      CALL ICECALC(1)

      CALL AINTRO(XTP21,WNO3,NBSL(ISA),NBCL)

      CALL AINTRO(XTP22,WNO2,NBSL(ISA),NBCL)

      CALL AINTRO(XTP23,WN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP24,WBMC,NBSL(ISA),NBCL)

      CALL AINTRX(XTP25,EAR,NBSL(ISA),NBCL)

      CALL AINTRO(XTP26,WN2OG,NBSL(ISA),NBCL)

      CALL AINTRO(XTP27,WN2OL,NBSL(ISA),NBCL)

      CALL AINTRO(XTP30,RSPC,NBSL(ISA),NBCL)

      CALL AINTRO(XTP31,WO2G,NBSL(ISA),NBCL)

      CALL AINTRO(XTP32,WO2L,NBSL(ISA),NBCL)

      CALL AINTRO(XTP33,WCO2G,NBSL(ISA),NBCL)

      CALL AINTRO(XTP35,WCO2L,NBSL(ISA),NBCL)

      CALL AINTRO(XTP34,SSFN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP36,VN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP37,WNH3,NBSL(ISA),NBCL)

      !CALL AINTRO(XTP28,DN2G,NBSL(ISA),NBCL)

      !CALL AINTRO(XTP29,DN2OG,NBSL(ISA),NBCL)

      SM2=0.

      AD10=0.

      AD11=0.

      AD12=0.

      TOT4=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          CGO2(L,ISA)=100.*WO2G(L,ISA)/(PO(L,ISA)-SWST(L,ISA))

          SM2=SM2+WNO3(L,ISA)+WNO2(L,ISA)+WN2OG(L,ISA)+WN2OL(L,ISA)

          AD10=AD10+WN2O(L,ISA)

          AD11=AD11+WN2OG(L,ISA)

          AD12=AD12+WN2OL(L,ISA)

          TOT4=TOT4+WBMC(L,ISA)

      END DO

      IF(ABS(AD1-AD4)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A1=',AD1,'  A4=',AD4

      IF(ABS(AD2-AD5)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A2=',AD2,'  A5=',AD5

      IF(ABS(AD3-AD6)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A3=',AD3,'  A6=',AD6

      IF(ABS(AD7-AD10)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A7=',AD7,'  A10=',AD10

      IF(ABS(AD8-AD11)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A8=',AD8,'  A11=',AD11

      IF(ABS(AD9-AD12)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A9=',AD9,'  A12=',AD12

      IF(ABS((TOT1-TOT2)/TOT1)>1.E-5)WRITE(KW(1),4)IY,MO,KDA,'^^^^^ TOT1=',TOT1,' TOT2=',TOT2

      IF(ABS((TOT3-TOT4)/TOT3)>1.E-5)WRITE(KW(1),4)IY,MO,KDA,'^^^^^ TOT3=',TOT3,' TOT4=',TOT4

      DF=SM1-SM2-SN2+DFN2OT

      IF(ABS(DF/SM1)>.1)THEN

          WRITE(KW(1),3)IY,MO1,KDA,SM1,SDN,SM2,SN2O,SN2,DFN2OT,DF

      END IF

      RETURN

    1 FORMAT(1X,'GASDF31',3I4,3E16.6)            

    2 FORMAT(1X,'GASDF32',3I4,4E16.6)

    3 FORMAT(4X,'GAS XBAL ',3I4,2X,'BTOT=',F11.6,2X,'DNIT=',F11.6,2X,'FTOT=',&

      F11.6,2X,'SN2O=',F11.6,2X,'SN2=',F11.6,2X,'DFN2OT=',F11.6,2X,'DF=',F11.6)

    4 FORMAT(1X,3I4,A12,E13.6,A6,E13.6)          

   10 FORMAT(1X,'!!!!!',3I4,9E12.5)

   11 FORMAT(1X,'$$$$$',3I4,10E12.5)

   12 FORMAT(1X,'#####',3I4,9E12.5)

   18 FORMAT(9F10.3)

   19 FORMAT(1X,3I4,1000E12.5) 

      END






src/GASTRANS2.f90

      SUBROUTINE GASTRANS2(CONC,DPRM,CUP,DSURF,FLUXOUT)
      ! APEX1501
      ! SUBPROGRAM SOLVES THE GAS TRANSPORT EQUATION
      USE PARM
      DIMENSION A(MSC),B(MSC),C(MSC),D(MSC),CONC(MSC),CONCTMP(MSC),&
      DPRM(MSC) ! arrays for storing tridiagonal matrix and RHS
      LOGICAL::CONVG          ! convergence flag
      DATA ALX/.5/,DTMIN/.01/ ! ALX is the explicit fraction, 1-ALX the implicit 
      C=0.
      CONVG=.FALSE.
      DTSUB=DTG 
      DO WHILE(.NOT.CONVG)
          !! set up the integration
          CONCTMP=CONC        ! set concentration to initial values
          T=0.                ! set time to top of the hour
          FLUXOUT=0.          ! zero the hourly flux
          CONVG=.TRUE.        ! will be unset when and if we observe a failure
          DO WHILE(T<DTG)
              !! These must be initialized here because we may take a
              !! short step at the end of the integration interval
              R=DTSUB/(DZDN*DZDN)
              R1=ALX*R
              R2=(1.-ALX)*R
              ! UPPER BOUNDARY CONDITION
              A(1)=-R2*DPRM(1)
              B(1)=0.0
              C(1)=AFP(1,ISA)*CONCTMP(1)+R1*(DPRM(1)*(CONCTMP(2)-CONCTMP(1))-&
              DSURF*(CONCTMP(1)-CUP))+R2*DSURF*CUP
              D(1)=AFP(1,ISA)+R2*(DSURF+DPRM(1))
              ! Calculate surface flux using the old concentration values
              F1=-DSURF*(CONCTMP(1)-CUP)/DZDN
              !      print *,'start conctmp(1), cup, F1,alx : ', conctmp(1), cup, F1, alx !XXX
              ! MAIN COMPUTATIONS
              DO ID=2,IUN
                  A(ID)=-R2*DPRM(ID)
                  B(ID)=-R2*DPRM(ID-1)
                  C(ID)=AFP(ID,ISA)*CONCTMP(ID)+R1*(DPRM(ID)*(CONCTMP(ID+1)-&
                  CONCTMP(ID))-DPRM(ID-1)*(CONCTMP(ID)-CONCTMP(ID-1)))
                  D(ID)=AFP(ID,ISA)+R2*(DPRM(ID-1)+DPRM(ID))
              END DO
              ! LOWER BOUNDARY CONDITION
              A(NBCL)=0.0
              B(NBCL)=-R2*DPRM(NBCL-1)
              C(NBCL)=AFP(NBCL,ISA)*CONCTMP(NBCL)-R1*DPRM(NBCL-1)*(CONCTMP&
              (NBCL)-CONCTMP(NBCL-1))
              D(NBCL)=AFP(NBCL,ISA)+R2*DPRM(NBCL-1)
              ! SOLVE TRIADIAGONAL SYSTEM
              CALL ATRIDIAG(B,D,A,C,NBCL)
              !DO ID=1,NBCL
                  !IF(ABS(C(ID)-CONCTMP(ID))/ABS(CONCTMP(ID)+1.E-4)>.5.AND.DTSUB>DTMIN)THEN
              IF(ANY(ABS(C-CONCTMP)/(ABS(CONCTMP)+1.0E-4)>0.5).AND.DTSUB>DTMIN)THEN
                  !! excessive change.  reduce time step and try again
                  !! (but if the timestep is already too small, then we
                  !! just live with it)
                  DTSUB=DTSUB*.5
                  CONVG=.FALSE.
                  EXIT
              ELSE 
                  CONCTMP=MAX(C,1.E-10)
              END IF
              !END DO
              !IF(CONVG==.FALSE.)EXIT
              ! Calculate surface flux using the new concentration values
              F2=-DSURF*(C(1)-CUP)/DZDN ! use C instead of conctmp, so we don't see the effect of MAX above
              ! Combine the fluxes in the same ratio used in the Crank-Nicholson scheme
              FLUXOUT=FLUXOUT+(ALX*F1+(1.-ALX)*F2)*DTSUB
              ! update the time
              T=T+DTSUB
              IF(DTG-T<DTSUB)THEN
                  DTSUB=DTG-T    ! ensure that we don't overshoot our intended finish time
              END IF 
          END DO                 ! while(t < dtg
      END DO                     ! while(.not. convg)
      CONC=CONCTMP
      RETURN 
      END







src/HCNSLP.f90

      SUBROUTINE HCNSLP(CNII,X1)

!     APEX1501

!     THIS SUBPROGRAM ADJUSTS THE 2 CONDITION SCS RUNOFF CURVE

!     NUMBER FOR WATERSHED SLOPE AND COMPUTES CN1 AND CN3.

      USE PARM

      S2=254.*(100./CNII-1.)

      S2=CNSX(ISA)*S2

      X1=25400./(254.+S2)

      C2=100.-X1

      CN1=MAX(.4*X1,X1-20.*C2/(C2+EXP(2.533-.0636*C2)))

      SMX(ISA)=254.*PRMT(16)*(100./CN1-1.)

      CN3=X1*EXP(.006729*C2)

      S3(ISA)=254.*(100./CN3-1.)

      SUM=0.

      TOT=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>1.)GO TO 3

          SUM=SUM+FC(ISL,ISA)-S15(ISL,ISA)

          TOT=TOT+PO(ISL,ISA)-S15(ISL,ISA)

      END DO

      GO TO 4

    3 L1=LID(J-1,ISA)

      RTO=(1.-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      SUM=SUM+RTO*(FC(ISL,ISA)-S15(ISL,ISA))

      TOT=TOT+RTO*(PO(ISL,ISA)-S15(ISL,ISA))

    4 N1=100.+SCRP(35,2)*(TOT/SUM-1.)+.5

      SCRP(4,1)=1.-S2/SMX(ISA)+SCRP(35,1)

      SCRP(4,2)=1.-S3(ISA)/SMX(ISA)+N1

      Z1=ASPLT(SCRP(4,1))

      Z2=ASPLT(SCRP(4,2))

      CNSC(1,ISA)=SCRP(4,1)

      CNSC(2,ISA)=SCRP(4,2)

      CALL ASCRV(CNSC(1,ISA),CNSC(2,ISA),Z1,Z2,SCLM,30,KW(1))

      RETURN

      END






src/HEVP.f90

      SUBROUTINE HEVP

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY EVAPOTRANSPIRATION.  THERE ARE

!     FOUR OPTIONS FOR COMPUTING POTENTIAL EVAP(PENMAN-MONTEITH, PENMAN,

!     PRIESTLEY-TAYLOR, & HARGREAVES)

      USE PARM

      SWL1=SWLT(ISA)

      AD1=SNO(ISA)+SWLT(ISA)+XRFI(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

      END DO

      SMLA(ISA)=.01

      EPP=0.

      ADD=0.

      SEV=0.

      NN=NCP(IRO(ISA),ISA)

      CHMX(ISA)=0.

      DO K=1,NN

          K1=JE(K,ISA)

          SMLA(ISA)=SMLA(ISA)+SLAI(K1,ISA)

          IF(CPHT(K1,ISA)>CHMX(ISA))CHMX(ISA)=CPHT(K1,ISA)

          EP(K1)=0.

      END DO

      X1=MAX(.4*SMLA(ISA),PRMT(17)*(CV(ISA)+.1))

      IF(X1>10.)THEN

          EAJ=.00005

      ELSE

          EAJ=EXP(-X1)

      END IF

      IF(SNO(ISA)>5.)THEN

          ALB=.6

          EAJ=.5

      ELSE

          ALB=SALB(ISA)

          IF(SMLA(ISA)>0.)ALB=.23*(1.-EAJ)+SALB(ISA)*EAJ

      END IF

      TK=TX+273.

      RSO=RAMX

      XL=2.501-2.2E-3*TX

      EA=ASVP(TK)

      ED=EA*RHD(IRF(ISA))

      VPD=EA-ED

      SMM(9,MO,ISA)=SMM(9,MO,ISA)+VPD

      VAR(9,ISA)=VPD

      RALB1=SRAD(IRF(ISA))*(1.-ALB)

      DLT=EA*(6790.5/TK-5.029)/TK

      XX=DLT+GMA(ISA)

      TK4=TK**4

      RBO=(.34-.14*SQRT(ED))*4.9E-9*TK4

      RTO=MIN(.99,SRAD(IRF(ISA))/(RSO+.1))

      RN=RALB1-RBO*(.9*RTO+.1)

      X2=RN*DLT

      SELECT CASE(IET)

          CASE(5)

              !BAIER-ROBERTSON PET METHOD

              EO=MAX(0.,.288*TMX(IRF(ISA))-.144*TMN(IRF(ISA))+.139*RSO-4.931)

          CASE(4)

              !HARGREAVES PET METHOD

              RAMM=RSO/XL

              EO=MAX(0.,PRMT(23)*RAMM*(TX+17.8)*(TMX(IRF(ISA))-TMN(IRF(ISA)))&

              **HGX)

          CASE(3)

              !PRIESTLEY-TAYLOR PET METHOD

              RAMM=RALB1/XL

              EO=1.28*RAMM*DLT/XX

          CASE(2)

              !PENMAN PET METHOD

              FWV=2.7+1.63*U10(IRF(ISA))

              X3=GMA(ISA)*FWV*VPD

              X1=X2/XL+X3

              EO=X1/XX

          CASE(1)

              !PENMAN-MONTEITH PET METHOD

              RHO=.01276*PB/(1.+.00367*TX)

              IF(IGO(ISA)>0)THEN

                  IF(CPHT(JJK,ISA)<8.)THEN

                      UZZ=U10(IRF(ISA))

                      ZZ=10.

                  ELSE

                      ZZ=CHMX(ISA)+2.

                      UZZ=U10(IRF(ISA))*LOG(ZZ/.0005)/9.9035

                  END IF

                  X1=LOG10(CPHT(JJK,ISA)+.01)

                  Z0=10.**(.997*X1-.883)

                  ZD=10.**(.979*X1-.154)

                  RV=6.25*(LOG((ZZ-ZD)/Z0))**2/UZZ

                  X3=VPD-VPTH(JJK)

                  IF(X3>0.)THEN

                      FVPD=MAX(.1,1.-VPD2(JJK)*X3)

                  ELSE

                      FVPD=1.

                  END IF

                  G1=GSI(JJK)*FVPD

                  RC=PRMT(1)/((SMLA(ISA)+.01)*G1*EXP(.00155*(330.-CO2)))

                  EPP=(X2+86.66*RHO*VPD/RV)/(XL*(DLT+GMA(ISA)*(1.+RC/RV)))

              END IF

              RV=350./U10(IRF(ISA))

              EO=(X2+86.66*RHO*VPD/RV)/(XL*XX)

              IF(EPP>EO)EO=EPP

          CASE DEFAULT

              !HARGREAVES PET METHOD

              RAMM=RSO/XL

              EO=MAX(0.,PRMT(23)*RAMM*(TX+17.8)*(TMX(IRF(ISA))-TMN(IRF(ISA)))&

              **HGX)                

      END SELECT

      VARW(10)=EO    

      IF(LUN(ISA)==35)RETURN

      SALF=SALA(ISA)/WSA(ISA)

      EOR=EO

      IF(IET>1.OR.IET==0)EPP=MIN(SMLA(ISA)*EOR/3.,EOR)

      DO

          IF(XRFI(ISA)>EOR)THEN

              ES=EOR

              XRFI(ISA)=XRFI(ISA)-ES

              SWLT(ISA)=SWLT(ISA)+XRFI(ISA)

              EPP=0.

              EXIT

          ELSE

              EOR=EOR-XRFI(ISA)

              ADD=XRFI(ISA)

              EPP=MIN(EOR,EPP)

          END IF

          IF(IGO(ISA)>0)THEN

              XX=EPP/SMLA(ISA)

              DO K=1,NN

                  K1=JE(K,ISA)

                  EP(K1)=SLAI(K1,ISA)*XX

              END DO

          END IF

          !Actual ET in flooded/dry field

          IF(PADDY_STO(1,ISA)>EO)THEN   !Paddy ponding condition Jaehak 2016

              IF(SMLA(ISA)<=4.)THEN

                  ES=.6*(1.-SMLA(ISA)/4.)*EO !Sakaguchi et al. 2014

              ELSE

                  ES=0.

              END IF

              EO=ES+EPP

              EOR=EO

              VAR(63,ISA)=EPP

              SMM(63,MO,ISA)=SMM(63,MO,ISA)+EPP

              RETURN

          ELSE !unsaturated soil

              ES=EOR*EAJ

              ST0(ISA)=RALB1

              ES=MIN(ES,ES*EOR/(ES+EPP+1.E-10))

              SNO1=SNO(ISA)

              IF(SNO(ISA)>=ES)THEN

                  NEV=1

                  SNO(ISA)=SNO(ISA)-ES

              ELSE

                  XX=ES-SNO(ISA)

                  ES=SNO(ISA)

                  IF(SWLT(ISA)<XX)THEN

                      XX=XX-SWLT(ISA)

                      ES=ES+SWLT(ISA)

                      SWLT(ISA)=0.

                      TOT=0.

                      DO J=1,NBSL(ISA)

                          ISL=LID(J,ISA)

                          RTO=1000.*Z(ISL,ISA)

                          IF(SCLM(2)>0.)RTO=MIN(RTO,SCLM(2))

                          SUM=XX*RTO/(RTO+EXP(SCRP(2,1)-SCRP(2,2)*RTO))

                          XZ=FC(ISL,ISA)-S15(ISL,ISA)

                          IF(SWST(ISL,ISA)<FC(ISL,ISA))THEN

                              F=EXP(PRMT(12)*(SWST(ISL,ISA)-FC(ISL,ISA))/XZ)

                          ELSE

                              F=1.

                          END IF

                          ZZ=SUM-TOT

                          XY=PRMT(5)*S15(ISL,ISA)

                          SEV(ISL,ISA)=MAX(0.,MIN(ZZ*F,SWST(ISL,ISA)-XY))

                          IF(Z(ISL,ISA)>.2)EXIT

                          ES=ES+SEV(ISL,ISA)

                          TOT=SUM

                      END DO

                      IF(J<NBSL(ISA))THEN

                          Z1=Z(LID(J-1,ISA),ISA)

                          RTO=(.2-Z1)/(Z(ISL,ISA)-Z1)

                          X1=RTO*SWST(ISL,ISA)

                          X2=RTO*XY

                          SEV(ISL,ISA)=MAX(0.,MIN(SEV(ISL,ISA),X1-X2))

                          ES=ES+SEV(ISL,ISA)

                      ELSE

                          J=NBSL(ISA)

                      END IF

                      NEV=J

                  ELSE

                      SWLT(ISA)=SWLT(ISA)-XX

                      ES=ES+XX

                      NEV=1

                  END IF

              END IF 

          END IF    

          SUM=SNO1-SNO(ISA)+SWL1-SWLT(ISA)

          DO J=1,NBSL(ISA)

              SEV(J,ISA)=SEV(J,ISA)*SALF

              SUM=SUM+SEV(J,ISA)

              SWST(J,ISA)=SWST(J,ISA)-SEV(J,ISA)

          END DO

          ES=SUM

          EXIT

      END DO    

      XX=EOR-ES

      IF(EPP>XX.and.EPP>0.)THEN

          X1=XX/EPP

          EPP=XX

          DO K=1,NN

              K1=JE(K,ISA)

              EP(K1)=EP(K1)*X1

          END DO 

      END IF

      VAR(63,ISA)=EPP

      SMM(63,MO,ISA)=SMM(63,MO,ISA)+EPP

      ES=ES+ADD

      AD2=SNO(ISA)+SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

      DF=AD1-ES-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,ES,AD2,DF

    1 FORMAT(5X,'HEVP',3I4,10E13.5)  

      RETURN

      END






src/HFPF.f90

      SUBROUTINE HFPF(QQ,TRT,SC,Q2)

!     THIS SUBPROGRAM CALCULATES FLOODPLAIN INFILTRATION USING AN ITERATIVE

!     TECHNIQUE WITH THE GREEN & AMPT INFILTRATION EQ 

      USE PARM

      QR=QQ/TRT

      ZI=SC*(SCI(IDN2)/QQ+1.)

      ZI1=ZI

      IF(QR<=ZI)THEN

          Q2=0.

          RETURN

      END IF

      QB=TRT*(QR-ZI)

      GB=0.

      GL=QB

      ZI=SC*(SCI(IDN2)+1.)

      QL=MAX(0.,TRT*(QR-ZI))

      DO IR=1,10

          X1=GL-GB

          IF(ABS(X1)<.01)THEN

              Q2=GL

              EXIT

          END IF

          B2=(QL-QB)/X1

          B1=QL-B2*GL

          X2=1.-B2

          IF(ABS(X2)<1.E-5.OR.B1<1.E-5)THEN

              G1=.5*(GL+GB)

          ELSE    

              G1=B1/X2

          END IF    

          FF=QQ-G1

          IF(FF>0.)THEN

              ZI=SC*(SCI(IDN2)/FF+1.)

          ELSE

              Q2=QQ

              EXIT

          END IF

          Q2=TRT*(QR-ZI)

          GQ=Q2-G1

          IF(ABS(GQ/G1)<.001)EXIT

          IF(GQ>0.)THEN

              GL=G1

              QL=Q2

          ELSE

              GB=G1

              QB=Q2

          END IF

      END DO

      IF(Q2>QQ)Q2=TRT*(QR-ZI1)

      RETURN

      END       






src/HFURD.f90

      SUBROUTINE HFURD

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE STORAGE VOLUME OF FURROW DIKES GIVEN

!     DIKE INTERVAL AND HEIGHT, RIDGE HEIGHT, AND SLOPE.

      USE PARM

      S=STP(ISA)

      DH=DHT(ISA)*.001

      H2=2.*DH

      X1=.001*DKHL(ISA)

      TW=RINT(ISA)-X1

      BW=MAX(TW-4.*X1,.1*TW)

      DQI=DKIN(ISA)-X1

      D2=DH*(1.-2.*S)

      D3=DH-S*(DQI-H2)

      X1=(TW-BW)/DH

      TW2=BW+D2*X1

      TW3=BW+D3*X1

      A2=.5*D2*(TW2+BW)

      A3=.5*D3*(TW3+BW)

      XX=DH/S

      ZZ=DQI-H2

      X1=FDSF(ISA)/(RINT(ISA)*DKIN(ISA))

      IF(XX>ZZ)THEN

          DVOL=X1*(A2*DH+.5*(A2+A3)*(DQI-4.*DH)+A3*D3)

      ELSE

          DVOL=X1*A2*(DH+.5*(XX-H2))

      END IF

      RETURN

      END






src/HGASP.f90

      SUBROUTINE HGASP(A,PT,Q1,RX)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE GREEN & AMPT INFILTRATION EQ ASSUMING

!     F1 IS INCREMENTED BY TOTAL RAIN DURING DT.

      USE PARM

      F1=PT-QVOL(IDO)

      ZI=SATK(ISA)*(SCN/F1+1.)

      IF(RX<=ZI)THEN

          Q1=0.

      ELSE

          Q1=A*(RX-ZI)/RX

      END IF

      QVOL(IDO)=QVOL(IDO)+Q1

!     WRITE(KW(1),2)ISA,IYR,MO,KDA,SATK(ISA),RX,ZI,F1,Q1,PT,QVOL(IDO)

!   2 FORMAT(1X,4I4,10F10.3)

      RETURN

      END






src/HGAWY.f90

      SUBROUTINE HGAWY(A,PT,Q1,RX)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE GREEN & AMPT INFILTRATION EQ ITERATIVELY

!     TO OBTAIN RESULT AT DT/2.

      USE PARM

      F1=PT-QVOL(IDO)

      ZI=SATK(ISA)*(SCN/F1+1.)

      IF(RX<=ZI)THEN

          Q1=0.

          RETURN

      END IF

      QL=A*(RX-ZI)/RX

      GB=QL

      GL=0.

      FF=F1-GB

      ZI=SATK(ISA)*(SCN/FF+1.)

      QB=A*(RX-ZI)/RX

      DO IR=1,10

          B2=(QL-QB)/(GL-GB)

          B1=QL-B2*GL

          G1=B1/(1.-B2)

          FF=F1-G1

          ZI=SATK(ISA)*(SCN/FF+1.)

          Q1=A*(RX-ZI)/RX

          GQ=Q1-G1

          IF(ABS(GQ/G1)<.001)EXIT

          IF(GQ>0.)THEN

              GL=G1

              QL=Q1

          ELSE

              GB=G1

              QB=Q1

          END IF

      END DO    

      QVOL(IDO)=QVOL(IDO)+Q1

!     WRITE(KW(1),2)IR,SATK(ISA),RX,ZI,F1,Q1,PT,QVOL(IDO)

!   2 FORMAT(1X,I3,10F10.3)

      RETURN

      END






src/HGWST.f90

      SUBROUTINE HGWST

      ! APEX1501

      ! THIS SUBPROGRAM TRANSFERS GROUNDWATER AMONG SUBAREAS

      USE PARM

      DIMENSION GWS1(MSA)

      DO I=MSA,2,-1

          II=JSA(I)

          RN=AUNIF(13)

          K=I*RN+1

          JSA(I)=JSA(K)

          JSA(K)=II

          GWS1(I)=GWST(I)

      END DO

      GWS1(1)=GWST(1)

      M1=MSA-1

      DO I=1,M1

          I1=JSA(I)

          X1=GWE0(I1)-(1.-GWST(I1)/GWMX(I1))*5.

          DO J=I+1,MSA

              J1=JSA(J)

              X2=GWE0(J1)-(1.-GWST(J1)/GWMX(J1))*5.

              IF(X1>X2)THEN

                  SGN=1.

                  II=I1

              ELSE

                  SGN=-1.

                  II=J1

              END IF

              XX=MIN(.1,1.-EXP(SGN*(X2-X1)*RFTT(II)/(SADST(I1,J1)+.01)))

              X3=SGN*XX*GWST(II)

              X4=SGN*(GWST(I1)*GWMX(J1)-GWST(J1)*GWMX(I1))/(GWMX(I1)+GWMX(J1))

              X5=MIN(ABS(X3),ABS(X4))

              GWTR=SGN*X5    

              GWST(I1)=GWST(I1)-GWTR

              GWST(J1)=GWST(J1)+GWTR

          END DO

      END DO

      DO I=1,MSA

         GWEL(I)=GWE0(I)-(1.-GWST(I)/GWMX(I))*5. 

         VAR(157,I)=GWST(I)-GWS1(I)

         SMM(157,MO,I)=SMM(157,MO,I)+VAR(157,I)

      END DO   

      RETURN

      END

      






src/HIRG.f90

      SUBROUTINE HIRG(AVIR,EFD,ZX,JRT,IRX,IRY)

!     APEX1307

!     THIS SUBPROGRAM IS USED TO SIMULATE AUTOMATIC OR USER SPECIFIED

!     IRRIGATION APPLICATIONS.  COMPUTES THE AMOUNT OF IRRIGATION WATER

!     NEEDED TO BRING THE ROOT ZONE WATER CONTENT TO FIELD CAPACITY, FOR

!     AUTOMATIC OPTION.  USER SPECIFIED AMOUNT IS APPLIED FOR

!     MANUAL OPTION.  EROSION AND RUNOFF ARE ESTIMATED.

      USE PARM

      JRT=0

      IF(VIRT(ISA)>=VIMX(ISA).OR.NII(ISA)<IRI(ISA))THEN

          AVIR=0.

          JRT=1

          RETURN

      END IF

      WSAX1=10.*WSA(ISA)

      IF(IRY==0)THEN

          ! AUTO

          SELECT CASE(IAC(ISA))

              CASE(0)

                  ! FLEXIBLE

                  XX=0.

                  DO J=1,NBSL(ISA)

                      ISL=LID(J,ISA)

                      XX=XX+FC(ISL,ISA)-SWST(ISL,ISA)

                  END DO

                  XX=FIRG(ISA)*XX/((1.-EFI(ISA))*EFD)

                  X4=MIN(VIMX(ISA)-VIRT(ISA),XX,ARMX(ISA))

              CASE(1)

                  ! RIGID

                  X4=MIN(VIMX(ISA)-VIRT(ISA),ARMX(ISA))

              CASE(2)    

                  !Irrigate when ponding depth goes below the minimum depth in the paddy jaehak jeong 2016

                  IF(PADDY_STO(1,ISA)<PADDY_HMIN(ISA)) THEN

                     X4=AVIR

                  ELSE

                     X4=0

                  ENDIF

          END SELECT

      ELSE    

          ! MANUAL OR LAGOON

          IF(IAC(ISA)==0)THEN

              ! FLEXIBLE

              XX=0.

              DO J=1,NBSL(ISA)

                  ISL=LID(J,ISA)

                  XX=XX+FC(ISL,ISA)-SWST(ISL,ISA)

              END DO

              XX=FIRG(ISA)*XX/((1.-EFI(ISA))*EFD)

              X4=MIN(VIMX(ISA)-VIRT(ISA),XX,AVIR)

          ELSE

              ! RIGID

              X4=AVIR

          END IF

      END IF 

      IF(IRRS(ISA)>0)THEN

          I1=NISA(IRRS(ISA))

          X3=X4*WSAX1

          RSM3=MIN(RSV(I1),X3)

          X4=RSM3/WSAX1

      ELSE           

          IF(IRRW(ISA)>0)THEN

              I1=NISA(IRRW(ISA))

              X3=X4*WSAX1

              GWM3=MIN(GWST(I1),X3)

              X4=GWM3/WSAX1

          END IF           

      END IF    

      AVIR=X4*EFD

	  X3=COIR*X4

      IF(AVIR>ARMN(ISA))THEN      

          NII(ISA)=0

          REPI(ISA)=AVIR/24.

	      XEF=WSAX1*(X4-AVIR)

          SMM(110,MO,ISA)=SMM(110,MO,ISA)+XEF

          VAR(110,ISA)=XEF

          X1=RZSW(ISA)-PAW(ISA)

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),9)ISA,&

          NBSA(ISA),IYR,MO,KDA,TIL(IRX),X4,WS(ISA),WTN,X1,BIR(ISA),&

          EFI(ISA),FIRG(ISA),XHSM(ISA)

          VIR(JJK,ISA)=VIR(JJK,ISA)+X4

          VIRT(ISA)=VIRT(ISA)+X4

	      COST(ISA)=COST(ISA)+X3

          IF(VIRT(ISA)>0.)THEN

              IF(IRY==0)THEN

                  X1=COTL(IRX)

                  X2=X1-COOP(IRX)

                  COST(ISA)=COST(ISA)+X1

                  CSFX=CSFX+X2

              END IF

              IF(KFL(31)>0)THEN

                  WRITE(KW(31),14)ISA,NBSA(ISA),IYR,MO,KDA,TIL(IRX),KDC(JJK),IHC&

                  (IRX),NBE(IRX),X3,X3,X4

                  IF(IRY==0)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(IRX),KDC&

                  (JJK),IHC(IRX),NBE(IRX),NBT(IRX),X1,X2,FULU(IRX)

              END IF

          END IF

          VSLT(ISA)=.01*X4*CSLT

          SMM(129,MO,ISA)=SMM(129,MO,ISA)+VSLT(ISA)

          VAR(129,ISA)=VSLT(ISA)

          IF(IRRS(ISA)>0)THEN

              VAR(146,I1)=RSM3

              SMM(146,MO,I1)=SMM(146,MO,I1)+RSM3

              RSV(I1)=RSV(I1)-RSM3

          ELSE

              IF(IRRW(ISA)>0)THEN

                  VAR(156,I1)=GWM3

                  SMM(156,MO,I1)=SMM(156,MO,I1)+GWM3

                  GWST(I1)=GWST(I1)-GWM3

              END IF

          END IF

          X4=X4*WSAX1

          SMM(18,MO,ISA)=SMM(18,MO,ISA)+X4

          VAR(18,ISA)=X4

      ELSE

          AVIR=0.

      END IF

      JRT=0

      IF(IRR(ISA)/=5)RETURN

	  DO J=1,NBSL(ISA)

          I=LID(J,ISA)

          IF(ZX<Z(I,ISA))EXIT

      END DO

      SWST(I,ISA)=SWST(I,ISA)+AVIR

      AVIR=0.

	  REPI(ISA)=0.

      RETURN

    9 FORMAT(1X,2I8,1X,3I4,2X,A8,2X,'VOL=',F5.0,' mm',2X,'WS=',F5.2,2X,&

      'WTN=',F6.0,'KPA',2X,'PWDF=',F6.0,' mm',2X,'TRGR=',F7.2,2X,'Q/VIR='&

      ,F5.2,2X,'FIRG=',F5.2,2X,'HUSC=',F5.2)      

   14 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,2I4,4X,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/HLGB.f90

      SUBROUTINE HLGB(Q,EV,O,RG,VLGE,VLGB,WW,ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE LAGOON WATER BALANCE AT THE END OF A

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=VLGB+Q-EV-O-VLGE-RG+WW

	  PER=200.*DF/(VLGB+VLGE)

!	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),3)PER,DF,VLGB,Q,EV,O,RG,WW,VLGE

      VLGB=VLGE

      RETURN

    2 FORMAT(/T10,'LAGOON WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'VLGB=',E13.6,2X,&

     &'QI  =',E13.6,2X,'ET  =',E13.6/5X,'QO  =',E13.6,2X,'IRG =',E13.6,&

     &2X,'WW  =',E13.6,2X,'VLGF=',E13.6)

      END






src/HLGOON.f90

      SUBROUTINE HLGOON(JRT)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES INFLOW, STORAGE, & IRRIGATION FROM

!     LAGOONS. RUNOFF IS ESTIMATED WITH 90 CN.

      USE PARM

      II=IDON(ISA)

      ALGI(II)=0.

      X2=10.*DALG(ISA)

      DP=.1677*VLG(ISA)**.3333

      TW=18.*DP

      SURA=.0001*TW*TW

      EV=6.*EO*SURA

      VLG(ISA)=MAX(.01,VLG(ISA)-EV+COWW(ISA))

      SMM(20,MO,ISA)=SMM(20,MO,ISA)+EV

      VAR(20,ISA)=EV

      XX=COWW(ISA)

      SMM(21,MO,ISA)=SMM(21,MO,ISA)+XX

      VAR(21,ISA)=XX

      X1=RFV(IRF(ISA))-5.64

      IF(X1>0.)THEN

          QLG=X1*X1/(RFV(IRF(ISA))+22.6)

          QLG=10.*(QLG*(DALG(ISA)-SURA)+RFV(IRF(ISA))*SURA)

          VLG(ISA)=VLG(ISA)+QLG

          SMM(22,MO,ISA)=SMM(22,MO,ISA)+QLG

          VAR(22,ISA)=QLG

      END IF

      IF(VLG(ISA)<=VLGN(ISA))THEN

          JRT=1

          RETURN

      END IF

      IF(VLG(ISA)>VLGM(ISA))THEN

          X1=(VLG(ISA)-VLGM(ISA))

          QVOL(IDO)=QVOL(IDO)+X1/(10.*WSA(ISA))

          CFNP(ISA)=WTMU(ISA)/VLG(ISA)

          X3=CFNP(ISA)*X1

          SOFU=SOFU+X3

          YMNU(IDO)=YMNU(IDO)+X3

          SMM(23,MO,ISA)=SMM(23,MO,ISA)+X1

          VAR(23,ISA)=X1

          X1=X1/X2

          WRITE(KW(1),4)ISA,NBSA(ISA),IYR,MO,KDA,X1,X3

          VLG(ISA)=VLGM(ISA)

          WTMU(ISA)=WTMU(ISA)-X3

      END IF

      IF(JDA==LPD)GO TO 1

      IF((VLG(ISA)-VLGN(ISA))/(VLGM(ISA)-VLGN(ISA))>.75)GO TO 1

      IF(IPMP(ISA)==0)THEN

          JRT=1

          RETURN

      END IF

!     IF(RZSW(ISA)>=PAW(ISA))GO TO 7

    1 XX=VLGI(ISA)

      IPMP(ISA)=1

      X3=.95*(VLG(ISA)-VLGN(ISA))

      IF(XX>=X3)THEN

          IPMP(ISA)=0

          XX=X3

      END IF

      SMM(52,MO,ISA)=SMM(52,MO,ISA)+XX

      VAR(52,ISA)=XX

      ALGI(II)=XX

      VLG(ISA)=MAX(.01,VLG(ISA)-XX)

      JRT=0

      RETURN

    4 FORMAT(1X,2I8,1X,I4,2I2,2X,'______LAGOON OVERFLOWED VOL = ',E13.5,&

      ' mm',5X,'MANURE = ',E13.5,' T')

      END






src/HPERC.f90

      SUBROUTINE HPERC(DZ,SATX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PERCOLATION AND LATERAL SUBSURFACE FLOW

!     FROM A SOIL LAYER WHEN FIELD CAPACITY IS EXCEEDED.

      USE PARM

      SEP=0.

      SST(IDO)=0.

      SUP=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(SUP>0.)THEN

          X1=24./(PO(ISL,ISA)-FC(ISL,ISA))

          Z1=X1*SATX

          X2=X1*HCL(ISL,ISA)

          XZ=X2+Z1

          IF(XZ<20.)THEN

              X3=SUP*(1.-EXP(-XZ))

          ELSE

              X3=SUP

          END IF

          SEP=X3/(1.+X2/Z1)

          X3=X3-SEP

          IF(ISL/=IDR(ISA))THEN      

              Z2=PRMT(90)*DZ*X2/SPLG(ISA)

              X3=X3*(1.-EXP(-Z2))

              X1=MIN(X3,.001*X3*SPLG(ISA)/RCHL(ISA))

              SST(IDO)=X1

              QRF(IDO)=X3-X1

          ELSE

              QRF(IDO)=X3

              SST(IDO)=0.

          END IF

          IF(RSAE(ISA)<1.E-10)RETURN

      END IF

      QRF(IDO)=0.

      RETURN

      END





      

      






src/HPERC1.f90

      SUBROUTINE HPERC1(DZ,SATX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PERCOLATION AND LATERAL SUBSURFACE FLOW

!     FROM A SOIL LAYER BY PASSING 4 mm SLUGS THROUGH AS A FUNCTION OF 

!     HYDRAULIC CONDUCTIVITY.

      USE PARM

      SEP=0.

      SSX=0.

      SST(IDO)=0.

      QRF(IDO)=0.

      ICW=0

      AVW=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(AVW>0.01)THEN

          POFC=PO(ISL,ISA)-FC(ISL,ISA)

          X1=24./POFC

          DO WHILE(AVW>.01)

              X5=MIN(AVW/POFC,1.)

              X4=MAX(1.E-5,X5**PRMT(82))

              H=SATX*X4

              X2=X1*HCL(ISL,ISA)*X4

              ZZ=X1*H

              XZ=X2+ZZ

              XX=MIN(4.,AVW)

              IF(XZ<20.)THEN

                  X3=XX*(1.-EXP(-XZ))

              ELSE

                  X3=XX

              END IF

              X6=X3/(1.+X2/ZZ)

              SEP=SEP+X6

              X7=X3-X6

              SSX=SSX+X7

              AVW=AVW-4.

              ICW=ICW+1

              IF(ICW>50)EXIT

          END DO    

          IF(ISL/=IDR(ISA))THEN      

              Z2=PRMT(90)*DZ*X2/SPLG(ISA)

              SSX=SSX*(1.-EXP(-Z2))

              X1=MIN(SSX,.001*SSX*SPLG(ISA)/RCHL(ISA))

              SST(IDO)=X1

              QRF(IDO)=SSX-X1

          ELSE

              QRF(IDO)=SSX

              SST(IDO)=0.

          END IF 

          IF(RSAE(ISA)>0.)QRF(IDO)=0.

      END IF

      RETURN

      END








src/HPERC2.f90

    SUBROUTINE HPERC2(phase) !temp cdj fastRE subroutine

    USE PARM

    USE HPERC2_lib, ONLY:dSmax,solve,allo,hypar,Sofh,deallo



    IMPLICIT NONE



    INTEGER,INTENT(IN)::phase

    INTEGER::i,j

    REAL::tempTh, tempThr, tempThs, tempS, tempTemp, X1,X2,DZ,Z2,X3,AVW,SUM,ADD,TOT !,tempOr

    REAL::kunsat, tempSST, tempKunsat, tempRatio, tempStore, slopeAngle, Qv !temp cdj richards lateral

    !integrates Peter Ross' fastRE code (FRENUMBERS, FREHYPVGVG, and FREFLOW) with EPIC

    !phase - 1-INITIALIZE, 2-UPDATE, >2-DAILY

    !i, j, ij - indices

    ADD=0.;TOT=0.;SUM=0.

    !------------------------- INITIALIZE -----------------------------

    !initializes the parameters and flux trackers

    IF(phase .EQ. 1)THEN

        IF(ALLOCATED(FRE%ILYR))THEN

            DEALLOCATE(FRE%ILYR)

            CALL DEALLO()

        END IF

        ALLOCATE(FRE%p(MSA),FRE%h0(MSA),FRE%qevap(MSA),FRE%qprec(MSA),FRE%drn(MSA),FRE%evap(MSA),FRE%infil(MSA),FRE%runoff(MSA))

        ALLOCATE(FRE%ILYR(MXLA,MSA))

        FRE%ns=0

        FRE%p(:)=0.5

        FRE%drn(:)=0;FRE%evap(:)=0;FRE%infil(:)=0;FRE%runoff(:)=0

        FRE%qevap(:)=0;FRE%qprec(:)=0

        FRE%ti=-24;FRE%tf=0;FRE%nsteps=0

        dSmax=0.05

        FRE%h0(:)=0.0 !surface head, equal to depth of surface pond

        

       call allo(MXLA,FRE%ns)

       DO j=1,MSA

            DO i=1,NBSL(j)

                ISL=LID(i,j)

                FRE%ILYR(i,j)%x=z(ISL,j)*100. !convert from m to cm

                FRE%ILYR(i,j)%Kx=SATC(ISL,j)/(10.) !convert from mm/hr to cm/hr

                FRE%ILYR(i,j)%vgn=VGN(ISL,j)

                FRE%ILYR(i,j)%vgm=1-1/VGN(ISL,j)

                FRE%ILYR(i,j)%hg=-1./VGA(ISL,j)

                FRE%ILYR(i,j)%vgn=VGN(ISL,j)

                FRE%ILYR(i,j)%ths=vgSat(ISL,j)

                FRE%ILYR(i,j)%thr=vgRes(ISL,j)

                FRE%ILYR(i,j)%Kxh=HCL(ISL,j)/(10.) !temp cdj richards lateral convert from mm/hr to cm/hr

                FRE%ILYR(i,j)%jt=i

                FRE%ILYR(i,j)%PRK=0.

            END DO

            FRE%ILYR(:,j)%dx=FRE%ILYR(:,j)%x-eoshift(FRE%ILYR(:,j)%x,-1)

            FRE%ILYR(:,j)%Ks=FRE%ILYR(:,j)%Kx+0.1

            FRE%ILYR(:,j)%mn=FRE%ILYR(:,j)%vgm*FRE%ILYR(:,j)%vgn

            FRE%ILYR(:,j)%Ksh=FRE%ILYR(:,j)%Kxh+0.1 !temp cdj richards lateral

            do i=1,NBSL(j)

                call hypar(i,FRE%ILYR(i,j)%thr,FRE%ILYR(i,j)%ths,FRE%ILYR(i,j)%hg,FRE%ILYR(i,j)%Kx,FRE%ILYR(i,j)%mn,FRE%p(j),FRE%ILYR(i,j)%Ks)

            end do

        END DO

        

    ELSE

        !----------------------------- UPDATE DAILY ---------------------

        !updates the fastRE soil parameters and drivers from the previous day and executes the fastRE for the current day

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            CPFH(ISL,ISA)=0. 

            

            FRE%ILYR(i,ISA)%S=(SWST(ISL,ISA)/(FRE%ILYR(i,ISA)%dx*10.)-FRE%ILYR(i,ISA)%thr) /(FRE%ILYR(i,ISA)%ths-FRE%ILYR(i,ISA)%thr)

            FRE%ILYR(i,ISA)%S = max(FRE%ILYR(i,ISA)%S, 1.0E-9)

            tempTh=SWST(ISL,ISA)/(FRE%ILYR(i,ISA)%dx*10.)

            tempThs=FRE%ILYR(i,ISA)%ths

            tempThr=FRE%ILYR(i,ISA)%thr

            tempS=(tempTh-tempThr)/(tempThs-tempThr)

            tempTemp = 1.

        END DO

        CPVH(IDO)=0.!Pipe flows are NOT considered with the Richards's percolation method. Jaehak 2017

        FRE%ti=FRE%ti+24.; FRE%tf=FRE%tf+24.

        FRE%qprec(ISA)=SEP/(24.*10.) !Infiltration to the first layer. converted from mm/day to cm/hr



        call solve(FRE%ti,FRE%tf,FRE%qprec(ISA),FRE%qevap(ISA),NBSL(ISA),FRE%ns,FRE%ILYR(:,ISA)%dx,FRE%ILYR(:,ISA)%jt,FRE%h0(ISA),FRE%ILYR(:,ISA)%S,FRE%evap(ISA),FRE%runoff(ISA),FRE%infil(ISA),FRE%drn(ISA),FRE%ILYR(:,ISA)%PRK,FRE%nsteps) !temp cdj richards lateral added SSF and IFLO

  

        FRE%ILYR(:,ISA)%fvwc=FRE%ILYR(:,ISA)%thr+(FRE%ILYR(:,ISA)%ths-FRE%ILYR(:,ISA)%thr)*FRE%ILYR(:,ISA)%s

        SST=0.

 

        SW(ISA)=0.

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            SWST(ISL,ISA)=FRE%ILYR(i,ISA)%fvwc*FRE%ILYR(i,ISA)%dx*10. !cm to mm

            SEP= FRE%ILYR(i,ISA)%PRK*10. !mm

            SW(ISA)=SW(ISA)+SWST(ISL,ISA)

        END DO

 

        !IF(ISA==1)WRITE(*,'(I5,10F8.3)')IDA,SW(ISA)+SEP,SW(ISA),SEP

        

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            SWST(ISL,ISA)=FRE%ILYR(i,ISA)%fvwc*FRE%ILYR(i,ISA)%dx*10. !cm to mm

            SEP= FRE%ILYR(i,ISA)%PRK*10. !mm

            tempKunsat = kunsat(HCL(ISL,ISA), FRE%ILYR(i,ISA)%VGM, FRE%ILYR(i,ISA)%S) !effective lateral conductivity mm/hr

            IFLO = 2  !JAEHAK temporary setting

        

            !begin temp cdj richards lateral

            IF(IFLO.EQ.1)THEN

                !Warrick et al., 2008 WR eq. 14 and assuming homogenous isotropic layers

                slopeAngle = ATAN(STP(ISA))*360./(2.*3.14159)

                tempRatio = 1-SIN(slopeAngle*2.*3.14159/360.)

                Qv = FRE%ILYR(i,ISA)%PRK / tempRatio

                tempSst = Qv - FRE%ILYR(i,ISA)%PRK

            ELSE IF(IFLO.EQ.2)THEN

                !approximation of standard EPIC approach

                tempRatio = HCL(ISL,ISA)/SATC(ISL,ISA)

                tempSst = FRE%ILYR(i,ISA)%PRK * tempRatio * 10.

                tempSst = min(tempSst, (SWST(ISL,ISA)-FC(ISL,ISA)) ) 

                tempSst = max(tempSst, 0.)

                DZ=FRE%ILYR(i,ISA)%dx*0.01 !cm to m

                AVW=tempSst !mm

                IF (AVW>0.001) THEN

                    X1=24./(PO(ISL,ISA)-FC(ISL,ISA))

                    X2=X1*tempKunsat

                    IF(ISL/=IDR(ISA))THEN      

                        Z2=PRMT(90)*DZ*X2/SPLG(ISA)

                        X3=AVW*(1.-EXP(-Z2))

                        X1=MIN(X3,.001*X3*SPLG(ISA)/RCHL(ISA))

                        SST(IDO)=X1

                        QRF(IDO)=X3-X1

                    ELSE

                        QRF(IDO)=X3

                        SST(IDO)=0.

                    END IF

                ELSE

                    QRF(IDO)=0.

                    SST(IDO)=0.

                END IF

                

                IF(RSAE(ISA)>0.)QRF(IDO)=0.

                

            ELSE IF(IFLO.EQ.3)THEN

                !Darcian approach

                tempKunsat = 24. * kunsat(HCL(ISL,ISA), FRE%ILYR(i,ISA)%VGM, FRE%ILYR(i,ISA)%S)

                tempSst = tempKunsat * STP(ISA) !UPS -> STP to transfer from EPIC to APEX Jaehak 2017  

            END IF

            SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-SST(IDO)-QRF(IDO))

    

            IF(ISL/=IDR(ISA))THEN

                SUM=SUM+QRF(IDO)

            ELSE

                SMM(17,MO,ISA)=SMM(17,MO,ISA)+QRF(IDO)

                VAR(17,ISA)=QRF(IDO)

                QDR(IDO)=QRF(IDO)

            END IF

            ADD=ADD+SST(IDO)

            TOT=TOT+CPVH(IDO)

            SSF(ISL,ISA)=SST(IDO)

            QSF(ISL,ISA)=QRF(IDO)

            CPFH(ISL,ISA)=CPVH(IDO)

            PKRZ(ISL)=SEP

           

        END DO

        SST(IDO)=ADD

        QRF(IDO)=SUM

        

    END IF



    END SUBROUTINE HPERC2



    !temp cdj richards lateral

    Function kunsat(ksat, mvg, se)

    implicit none

    real kunsat, ksat

    REAL(SELECTED_REAL_KIND(15)) :: se, mvg

    real, parameter :: l=0.5



    if(se > 0.999) then

        kunsat=ksat

    else

        kunsat = ksat*(se**l)*(1.-(1.-Se**(1./mvg))**mvg)**2. !mm/h

        kunsat = Max(0., kunsat) 

        kunsat = Min(ksat, kunsat) 

        if(kunsat < 1.E-10) THEN

            kunsat = 0.0

        endif

    end if



    return

    end function kunsat
















src/HPERC2_INIT.f90

      MODULE HPERC2_INIT

      CONTAINS

      

      SUBROUTINE FREPARM(CL,OC,SA,FBD,LL,DUL,PO,alpha,n,ths,thr,OC1)

      !methods for estimating the van Genuchten soil water retention parameters for use with the fastRE soil water balance

      !CL - clay (%)

      !OC - organic carbon (%)

      !SA - sand (%)

      !FBD - bulk density (g/cm3)

      !LL - soil lower limit water content (cm3/cm3)

      !DUL - soil drained upper limit water content (cm3/cm3)

      !PO - maximum saturation water content based on porosity (cm3/cm3)

      !alpha - Van Genuchten alpha parameter (cm water-1)

      !n - Van Genuchten n parameter (unitless)

      !ths - saturation water content (cm3/cm3)

      !thr - residual water content (cm3/cm3)

      !OC1 - soil organic carbon in the top layer (%)

      !IVG - method for estimating Van Genuchten parameters based on traditional EPIC soil parameters. IVG=0 for inputting VG parameters in the soil file

      IMPLICIT NONE

      REAL,INTENT(IN)::CL,OC,SA,FBD,LL,DUL,OC1,PO

      REAL,INTENT(OUT)::alpha,n,ths,thr

      REAL::he,OM,SI,PHIE,PHIET,THmin

      INTEGER::IVG,topsoil=0,i,chngIndx

      LOGICAL::Coarse

      REAL,DIMENSION(:),ALLOCATABLE::TH,h

      REAL INDX(7)

!      !Vereecken et al., 1989, Soil Science - designed for m=1, shouldn't use this method

!      ths=0.81-0.283*BD+0.001*CL

!      thr=0.015+0.005*CL+0.014*OM

!      alpha=-2.486+0.025*SA-0.351*OM-2.617*BD-0.023*CL

!      alpha=exp(alpha)

!      n=0.053-0.009*SA-0.013*CL+0.00015*SA*SA

!      n=exp(alpha)

      IVG=3

      SI=100.-CL-SA

      OM=1.72*OC

      IF(IVG==1)THEN

        !Weynants et al., 2009, Vadose Zone Journal

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD

        ths = min(ths,po)

        alpha = -4.3003 - 0.0097*CL + 0.0138*SA - 0.0992*OM

        alpha = exp(alpha)

        n = -1.0846 - 0.0236*CL - 0.0085*SA + 0.0001*SA*SA

        n = exp(n) + 1.

        thr=0.

      ELSE IF(IVG==2)THEN

        !Wosten et al, 1999, Geoderma

        IF(OC/OC1>0.5) topsoil=1 !need some definition of topsoil vs subsoil

        ths = 0.7919 + 0.001691*CL - 0.29619*FBD - 0.000001491*SI*SI + 0.0000821*OM*OM +  0.02427/CL + 0.01113/SI &

              + 0.01472*log(SI) - 0.0000733*OM*CL - 0.000619*FBD*CL -  0.001183*FBD*OM - 0.0001664*topsoil*SI

        ths = min(ths,po)

        alpha = -14.96 + 0.03135*CL + 0.0351*SI + 0.646*OM + 15.29*FBD - 0.192*topsoil - 4.671*FBD*FBD - 0.000781*CL*CL &

                - 0.00687*OM*OM + 0.0449/OM + 0.0663*log(SI) + 0.1482*log(OM) - 0.04546*FBD*SI - 0.4852*FBD*OM + 0.00673*topsoil*CL

        alpha = exp(alpha)

        n = -25.23 - 0.02195*CL + 0.0074*SI - 0.1940*OM + 45.5*FBD - 7.24*FBD*FBD + 0.0003658*CL*CL + 0.002885*OM*OM - 12.81/FBD &

            - 0.1524/SI - 0.01958*OM - 0.2876*log(SI) - 0.0709*log(OM) - 44.6*log(FBD) - 0.02264*FBD*CL + 0.0896*FBD*OM + 0.00718*topsoil*CL

        n = exp(n) + 1

        thr=0.

      ELSE IF(IVG==3)THEN

        !Jones et al., 2014, Transactions of ASABE - (merge RETC with Saxton and Rawls, 2006)

        CALL TexturalAvg(SA, SI, CL, thr, ths, he, Coarse, alpha, n)

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD !Weynants et al., 2009, Vadose Zone Journal

        ths = min(ths,po)

        thr = min(thr, LL)

        phiet = -21.67*SA/100 - 27.93*CL/100 - 81.97*(ths-DUL) + 71.12*SA/100*(ths-DUL) + 8.29*CL/100*(ths-DUL) + 14.05*(SA/100)*(CL/100) + 27.16

        phie = phiet + 0.02*phiet*phiet - 0.113*phiet - 0.70

        CALL Retention(Coarse,LL,DUL,ths,phie,TH,h) !Saxton and Rawls, 2006, SSSAJ

        INDX=(/0,0,1,1,0,0,0/)

        CALL RETC( DBLE(TH), DBLE(h), DBLE(INDX), ths, thr, alpha, n)  

        DEALLOCATE(h, TH)

      ELSE IF(IVG==4)THEN !this method seems unstable. consider eliminating it if it proves unstable with further testing

        !merge RETC with Rawls et al., 1982)

        ALLOCATE( h(11), TH(11) )

        CALL TexturalAvg(SA, SI, CL, thr, ths, he, Coarse, alpha, n)

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD !Weynants et al., 2009, Vadose Zone Journal

        ths = min(ths,po)

        thr = min(thr, LL)

        !Rawls et al., 1982, Transactions of ASABE

        allocate(h(11))

        h = (/0.0 ,101.97 ,203.94 ,336.501 ,611.82 ,1019.7 ,2039.4 ,4078.8 ,7137.9 ,10197.0 ,15295.5/) !cm water

!        TH(1) = 0.1829 - 0.0246*OM - 0.0376*FBD + 1.89*DUL - 1.38*LL

  !      TH(2) = 0.8888 - 0.0003*SA - 0.0107*OM + 1.53*DUL - 0.81*LL

!        TH(2) = 0.4829 - 0.0035*SA - 0.0263*OM + 0.25*LL

        TH(1) = ths

        TH(2) = 0.0619 - 0.0002*SA - 0.00067*OM + 1.34*DUL - 0.51*LL

        TH(3) = 0.0319 - 0.0002*SA + 1.01*DUL - 0.06*LL

        TH(4) = 0.2391 - 0.0019*SA + 0.0210*OM + 0.72*LL

        TH(5) = 0.0136 - 0.0091*FBD + 0.66*DUL + 0.39*LL

        TH(6) = -0.0034 + 0.0022*OM + 0.52*DUL + 0.54*LL

        TH(7) = -0.0043 + 0.0026*OM + 0.36*DUL + 0.69*LL

        TH(8) = -0.0038 + 0.0026*OM + 0.24*DUL + 0.79*LL

        TH(9) = -0.0027 + 0.0024*OM + 0.16*DUL + 0.86*LL

        TH(10) = -0.0019 + 0.0022*OM + 0.11*DUL + 0.89*LL

        TH(11) = LL

        IF(Coarse.eqv..TRUE.)chngIndx=2

        IF(Coarse==.FALSE.)THEN

          chngIndx=4

!          TH(2)=max(TH(2),DUL)

!          TH(3)=max(TH(3),DUL)

        END IF

        TH(chngIndx)=DUL

!        DO i=(chngIndx+1), 10

!          TH(i)=min(TH(i),DUL)

!        END DO

        INDX=(/0,0,1,1,0,0,0/)

        CALL RETC( DBLE(TH), DBLE(h), DBLE(INDX), ths, thr, alpha, n)  

        DEALLOCATE(h, TH)

      ELSE 

        THS=PO

        THR=0.

      END IF

      

      THmin = thr + (ths - thr)/(1 + (alpha*1000000)**n)**(1-1/n)

      

      RETURN

      END SUBROUTINE FREPARM

      

      !-------------------------------------------------------------------------------

      SUBROUTINE RETC( &

        SW_Rawls, h_Rawls,INDX &  !Input

        , SAT, wcr, &        !Input or output

        alphaVG_R, nVG_R)    !Output

      !estimates the soil water retention parameters by fitting a water retention model to values of soil water and soil tension

      !here we fit parameters selected by INDX to the Van Genuchten model assuming m=1-1/n

      !SW_Rawls - array of soil water values (cm3/cm3)

      !h_Rawls - array of soil tension values corresponding to SW_Rawls (cm water)

      !INDX - selects which parameters to fit (1) and which to keep as input (0)

      !SAT - saturation water content (cm3/cm3)

      !wcr - residual water content (cm3/cm3)

      !alphaVG_R - Van Genuchten alpha parameter (cm water -1)

      !nVG_R - Van Genuchten n parameter (unitless)

      IMPLICIT NONE

      

      INTEGER i, j, K, kin, kiter, kout, kp, kwater, method, mit, mtype

      Integer IOR, KLOG, NEXP, NIT, NOB, NP, NWC, NWC1, NW

      REAL Ksat, SAT, STOPCR, WCR

      REAL alphaVG_R, mVG_R, nVG_R

      Double Precision alphaVG, ARG, ARG1, ANGLE, DERL, EXPO, GA 

      Double Precision nVG, mVG, RPF, RPZ, RLF, RLX, RLY, RSQ 

      Double Precision SDEV, SECOEF, SSQ, SSQW, SSQ1, SSQ2, SSQW1, SSQW2

      Double Precision SUMB, SUM1, SUM2, SUM3,SUMY, SUMF, SUMYF, SUMY2

      Double Precision SUMF2, SUM, STEP

      Double Precision Temp, TMCOE, TPCOE, TSEC, TVAR,  TVALUE

      Double Precision W1, W2, W12, WA, WB, XLOG, Z 

      Double Precision A(7,7), B(14), D(7,7), DELZ(100,7), E(7), F(200) 

      Double Precision indx(7), P(7), PHI(7), Q(7), R(200), TB(14)

      Double Precision TH(14), W(200), X(200), Y(200)

      CHARACTER:: AB(14)*5

      Double Precision,DIMENSION(:) :: SW_Rawls, h_Rawls 

      DATA STOPCR/.00010/

      

      mtype = 3 !hydraulic conductivity uses Mualem's model, Retention uses VG model with m=1-1/n

      !mtype = 4 !hydraulic conductivity uses Burdine's model, Retention uses VG model with m=1-2/n

      !mtype = 5 !hydraulic conductivity uses Mualem's model, Retention uses Brook & Corey model with m=1-1/n

      !mtype = 6 !hydraulic conductivity uses Burdine's model, Retention uses Brook & Corey model with m=1-2/n 

      method = 5 !outputs diffusivity vs. water content eq. 33 of RETC.pdf

      kwater = 1 !fitting only water retention data

      kin = 1 !number of iterations to be printed

      kout = 1 !tells to print hydraulic properties

      kiter = 1 !number of iteration results to print

      mit = 50 !maximum number of iterations

      AB(8) = 'WCR' !labels of variables

      AB(9) = 'WCS'

      AB(10) = 'ALPHA'

      AB(11) = 'N'

      AB(12) = 'M'

      AB(13) = 'L'

      AB(14) = 'CONDS'

      B(8) = wcr !residual water content

      B(9) = SAT !saturation water content

      B(10) = alphaVG_R !0.059545455  !initial alpha guess - average value of alpha from RETC manual

      B(11) = nVG_R !1.258181818 !initial n guess - average value of n from RETC manual

      B(12) = 1.-1./B(11) !sets m = 1-1/n

      B(13) = .5 !L

      B(14) = 2. !saturated hydraulic conductivity

!      indx(1) = 0 !0-variable will not be fitted 1-variable will be fitted

!      indx(2) = 0

!      indx(3) = 1

!      indx(4) = 1

!      indx(5) = 0 

!      indx(6) = 0

!      indx(7) = 0

      W1 = 0

      kp = 0

    

    ! Rawls data is considered as observation data

      NOB = SIZE(h_Rawls) !number of observations(could include conductivity)

      do i = 1,NOB

        x(i) = h_Rawls(i) !tension data from rawls

        y(i) = SW_Rawls(i) !water content data

        w(i) = 1. !weighting coefficient

      end do

    

      NWC = NOB !number of retention points

      NW = NOB !number of predicted diffusivity data points



!     ----- READ INITIAL ESTIMATES -----

      IF(KWATER.EQ.1) indx(6) = 0

      IF(KWATER.EQ.1) indx(7) = 0

      IF(KWATER.EQ.2.AND.METHOD.LE.2) indx(3) = 0

      IF(KWATER.EQ.2.AND.METHOD.GE.5) indx(3) = 0



!      WRITE(KP,1008) TITLE

      IF(KP.EQ.8) CONTINUE !WRITE(7,1008) TITLE

      GO TO (5,5,1,2,3,3) MTYPE

    1 B(11) = DMAX1(1.05D0,B(11))   ! Parameter n

      B(12) = 1.-1./B(11)           ! Parameter m

      GO TO 4

    2 B(11) = DMAX1(2.05D0,B(11))

      B(12) = 1.-2./B(11)

      GO TO 4

    3 B(11) = DMAX1(0.005,B(11))

      B(12) = 1.0

    4 indx(5) = 0

    5 CONTINUE

      KLOG = 0

      IF(2 * (METHOD/2).EQ.METHOD) KLOG = 1

      IF(KWATER.EQ.1) KLOG = 0

      IF(MIT.EQ.0) GO TO 6

      IF(KWATER.NE.2) GO TO 6

      IF(METHOD.LE.2.OR.METHOD.GT.4) GO TO 6

      indx(1) = 0

      indx(2) = 0

    6 CONTINUE

      NP = 0

      IF(NOB.GT.0) CONTINUE 

      IF(NOB.EQ.0) CONTINUE

      IF(KP.EQ.8) THEN

      IF(KP.EQ.8) CONTINUE 

      IF(NOB.GT.0) CONTINUE 

      IF(NOB.EQ.0) CONTINUE 

      ENDIF

      IF(NOB.EQ.0) GO TO 14



!     ----- WRITE EXPERIMENTAL DATA -----

      WA = 0.

      IF(KWATER.EQ.2) GO TO 8

      DO 7 I = 1,NWC

      X(I) = DMAX1(X(I),1.D-5)

      IF(W(I).LT.1.D-3) W(I) = 1.0

      WA = WA + DABS(W(I) * Y(I))

      IF(KIN.EQ.0) GO TO 7

    7 CONTINUE

      WA = WA/FLOAT(NWC)

      IF(KWATER.EQ.1) GO TO 14

    8 IF(KIN.EQ.0) GO TO 9

    9 WB = 0.0

      IF(KWATER.EQ.2.AND.NWC.EQ.NOB) NWC = 0

      NWC1 = NWC + 1

      DO 10 I = NWC1,NOB

      J = I

      IF(KWATER.EQ.2) J = I-NWC

      X(J) = X(I)

      IF(METHOD.EQ.3.OR.METHOD.EQ.4) X(J) = DMAX1(X(J),1.D-5)

      Y(J) = Y(I)

      IF(KLOG .EQ. 1) Y(J) = DLOG10(Y(J))

      W(J) = W(I)

      IF(W(J) .LT. 1.D-3) W(J) = 1.0

      WB = WB + DABS(W(J) * Y(J))

      IF(KIN.EQ.0) GO TO 10

      IF(KLOG.EQ.0) CONTINUE 

      IF(KP.EQ.8) THEN

      IF(KLOG.EQ.0) CONTINUE 

      IF(KLOG.EQ.1) CONTINUE 

      ENDIF

   10 CONTINUE

      IF(KWATER.LT.2) GO TO 11

      NOB = NOB-NWC

      NWC = 0

      NWC1 = 1

   11 IF(MIT.EQ.0) GO TO 14

      IF(W1.LT.1.D-3) W1 = 1.0

      WB = WB/FLOAT(NOB-NWC)

      W2 = WA/WB

      IF(KWATER.EQ.2) W2 = 1.0

      W12 = W1 * W2

      DO 12 I = NWC1,NOB

   12 W(I) = W12 * W(I)



!      ----- INITIALIZE UNKNOWN PARAMETERS -----

   14 NP = 0

      DO 15 I = 8,14

      TB(I) = B(I) 

      IF(indx(I-7).EQ.0) GO TO 15

      NP = NP + 1

      AB(NP) = AB(I)

      B(NP) = B(I)

      TB(NP) = B(I)

      TH(NP) = B(I)

   15 TH(I) = B(I)

      GA = 0.05

      DERL = 0.002D0

      NEXP = 1 + indx(1) + indx(2) + indx(3) + indx(4) + indx(5)

      IF(KWATER.EQ.1) NOB = NWC

!

!     ----- START LEAST-SQUARES ANALYSIS -----

      CALL MODEL_retc(TH,F,X,NWC,NOB,MTYPE,METHOD,indx,IOR)

     

      IF(IOR.EQ.1) GO TO 94

      IF(MIT.EQ.0) GO TO 83

      SSQ = 0.

      DO 16 I = 1,NOB

      R(I) = W(I) * (Y(I)-F(I))

   16 SSQ = SSQ + R(I) * R(I)

      NIT = 0

!

!     ----- BEGIN OF ITERATION -----

   18 NIT = NIT + 1

      GA = 0.05 * GA

      DO 22 J = 1,NP

      TEMP = TH(J)

      TH(J) = (1.D0 + DERL) * TH(J)

      Q(J) = 0

      CALL MODEL_retc(TH,DELZ(1,J),X,NWC,NOB,MTYPE,METHOD,indx,IOR)

      DO 20 I = 1,NOB

      DELZ(I,J) = W(I) * (DELZ(I,J)-F(I))

   20 Q(J) = Q(J) + DELZ(I,J) * R(I)

      Q(J) = Q(J)/(TH(J) * DERL)

!

!     ----- STEEPEST DESCENT -----

   22 TH(J) = TEMP

      DO 28 I = 1,NP

      DO 26 J = 1,I

      SUM = 0.0

      DO 24 K = 1,NOB

   24 SUM = SUM + DELZ(K,I) * DELZ(K,J)

      D(I,J) = SUM/(TH(I) * TH(J) * DERL**2)

   26 D(J,I) = D(I,J)

   28 E(I) = DSQRT(D(I,I))

   30 DO 32 I = 1,NP

      DO 32 J = 1,NP

   32 A(I,J) = D(I,J)/(E(I) * E(J))

!

!     ----- A IS THE SCALED MOMENT MATRIX -----

      DO 34 I = 1,NP

      P(I) = Q(I)/E(I)

      PHI(I) = P(I)

   34 A(I,I) = A(I,I) + GA

      CALL MATINV(A,NP,P)

!

!     ----- P/E IS THE CORRECTION VECTOR -----

      STEP = 1.0

   36 DO 38 I = 1,NP

   38 TB(I) = P(I) * STEP/E(I) + TH(I)

      DO 40 I = 1,NP

      IF(TH(I) * TB(I))44,44,40

   40 CONTINUE

      CALL MODEL_retc(TB,F,X,NWC,NOB,MTYPE,METHOD,indx,IOR)

      SUMB = 0.0

      DO 42 I = 1,NOB

      R(I) = W(I) * (Y(I)-F(I))

   42 SUMB = SUMB + R(I) * R(I)

   44 SUM1 = 0.0

      SUM2 = 0.0

      SUM3 = 0.0

      DO 46 I = 1,NP

      SUM1 = SUM1 + P(I) * PHI(I)

      SUM2 = SUM2 + P(I) * P(I)

   46 SUM3 = SUM3 + PHI(I) * PHI(I)

      ARG = SUM1/DSQRT(SUM2 * SUM3)

      ARG1 = 0.

      IF(NP.GT.1) ARG1 = DSQRT(1.-ARG * ARG)

      ANGLE = 57.29578 * DATAN2(ARG1,ARG)

!

!     ----------

      DO 48 I = 1,NP

      IF(TH(I) * TB(I))50,50,48

   48 CONTINUE

      IF((SUMB-SSQ)/SSQ.LT.1.D-5) GO TO 56

   50 IF(ANGLE-30.D0) 52,52,54

   52 STEP = 0.5 * STEP

      GO TO 36

   54 GA = 20. * GA

      GO TO 30

!

!     ----- PRINT COEFFICIENTS AFTER EACH ITERATION -----

   56 CONTINUE

      DO 58 I = 1,14

   58 TH(I) = TB(I)

      IF(indx(1).EQ.0) GO TO 60

      IF(NIT.LE.4.OR.TH(1).GT.0.001) GO TO 60

      indx(1) = 0

      B(8) = 0.0

      GO TO 14

   60 IF(indx(6).EQ.0) GO TO 64

      EXPO = TH(NEXP)

      IF(EXPO.GT.1.D-3) GO TO 64

      IF(EXPO.LT.-1.D-3) GO TO 64

      IF(EXPO.LT.0.) GO TO 62

      B(13) = -0.2

      GO TO 14

   62 B(13) = 0.0001

      indx(6) = 0

      GO TO 14

   64 DO 66 I = 1,NP

      IF(DABS(P(I) * STEP/E(I))/(1.D-20 + DABS(TH(I)))-STOPCR) 66,66,68

  66  CONTINUE

      GO TO 70

   68 SSQ = SUMB

      IF(NIT .LE. MIT) GO TO 18



!     ----- END OF ITERATION LOOP -----

   70 CONTINUE

      if(NIT .GE. KITER)then

      alphaVG = TH(10)

      nVG = TH(11)

      mVG = TH(12)

      end if

     

      CALL MATINV(D,NP,P)

!

!     ----- WRITE CORRELATION MATRIX -----

      DO 72 I = 1,NP

   72 E(I) = DSQRT(DMAX1(D(I,I),1.D-20))

      DO 76 I = 1,NP

      DO 74 J = 1,I

   74 A(J,I) = D(J,I)/(E(I) * E(J))

   76 CONTINUE  

!

!     ----- CALCULATE R-SQUARED OF FITTED VS OBSERVED VALUES -----

   78 SUM = 0.0

      SUMY = 0.0

      SUMF = 0.0

      SUMY2 = 0.0

      SUMF2 = 0.0

      SUMYF = 0.0

      DO 80 I = 1,NOB

      SUM = SUM + W(I)

      SUMY = SUMY + Y(I) * W(I)

      SUMF = SUMF + F(I) * W(I)

      SUMY2 = SUMY2 + Y(I) **2 * W(I)

      SUMF2 = SUMF2 + F(I)**2 * W(I)

   80 SUMYF = SUMYF + Y(I) * F(I) * W(I)

      RSQ = (SUMYF-SUMY * SUMF/SUM)**2/ &

        ((SUMY2-SUMY**2/SUM) * (SUMF2-SUMF**2/SUM))

!

!     ----- CALCULATE 95% CONFIDENCE INTERVAL -----

      Z = 1./FLOAT(NOB-NP)

      SDEV = DSQRT(Z * SUMB)

      TVAR = 1.96 + Z * (2.3779+Z*(2.7135+Z*(3.187936 + 2.466666*Z**2)))

      DO 82 I = 1,NP

      SECOEF = E(I) * SDEV

      TVALUE = TH(I)/SECOEF

      TVALUE = DMIN1(TVALUE,999999.D0)

      TSEC = TVAR * SECOEF

      TMCOE = TH(I)-TSEC

82      TPCOE = TH(I) + TSEC

!

!     ----- GIVE FINAL OUTPUT -----

   83   SSQ1 = 0.0

      SSQ2 = 0.0

      SSQW1 = 0.0

      SSQW2 = 0.0

      DO 84 I = 1,NWC

      XLOG = DLOG10(DMAX1(1.D-5,X(I)))

      R(I) = Y(I)-F(I)

      SSQ1 = SSQ1 + R(I)**2

  84  SSQW1 = SSQW1 + (R(I) * W(I))**2

      IF(KWATER.EQ.1) GO TO 89

!

!     ----- WRITE CONDUCTIVITY OR DIFFUSIVITY DATA -----

      DO 88 I = NWC1,NOB

      R(I) = Y(I)-F(I)

      SSQ2 = SSQ2 + R(I)**2

      SSQW2 = SSQW2 + (R(I) * W(I))**2

      RLX = DLOG10(DMAX1(1.D-30,X(I)))

      RLY = DLOG10(DMAX1(1.D-30,Y(I)))

      RPZ = 10.**DMIN1(3.D1,Y(I))

      RLF = DLOG10(DMAX1(1.D-30,F(I)))

      RPF = 10.**DMIN1(3.D1,F(I))

   88 CONTINUE

   89 IF(MIT.EQ.0) GO TO 90

      SSQ = SSQ1 + SSQ2

      SSQW = SSQW1 + SSQW2

   90 CONTINUE

   94 CONTINUE 

      

      wcr = sngl(TH(8))

      SAT = sngl(TH(9))

      alphaVG_R = sngl(TH(10))

      nVG_R = sngl(TH(11))



      RETURN

      END SUBROUTINE RETC

      

      !-------------------------------------------------------------------------------

      SUBROUTINE MODEL_retc(B, &                          !Input

       Y, X, &                                            !Input & output

       NWC, NOB, MTYPE, METHOD, indx, &

       IOR)                                              !Output

!

!     PURPOSE: TO CALCULATE THE HYDRAULIC PROPERTIES

!

      IMPLICIT real*8 (A-H,O-Z)

      Double Precision B(14),Y(200),X(200),indx(7)

      K = 0

      IOR = 0

      DO 2 I = 8,14

      IF(indx(I-7).EQ.0) GO TO 2

      K = K + 1

      B(I) = B(K)

    2 CONTINUE

      WCR = B(8)

      WCS = B(9)

      ALPHA = B(10)

      IND = indx(1) + indx(2) + indx(3) + indx(4)

      IF(MTYPE.EQ.1.OR.MTYPE.EQ.3) B(11) = DMAX1(1.005D0,B(11))

      IF(MTYPE.EQ.3) B(12) = 1.-1./B(11)

      IF(MTYPE.EQ.2.OR.MTYPE.EQ.4) B(11) = DMAX1(2.005D0,B(11))

      IF(MTYPE.EQ.4) B(12) = 1.-2./B(11)

    4 IF(indx(4).EQ.1) B(IND) = B(11)

      RN = B(11)

      RM = B(12)

      EXPO = B(13)

      CONDS = B(14)

      RMN = RM * RN

      DLGA = DLOG10(ALPHA)

      RMT = FLOAT(MTYPE-2 * ((MTYPE-1)/2))

      IF(NOB.EQ.NWC) GO TO 12

!

!     -----CALCULATE COMPLETE BETA FUNCTION----- JZW we do not need

      IF(MTYPE.GT.2) GO TO 10

      AA = RM + RMT/RN

      BB = 1.-RMT/RN

      IF(BB.GT.0.004) GO TO 8

      IOR = 1

      GO TO 60

    8 BETA = GAMMA(AA) * GAMMA(BB)/GAMMA(RM + 1.) !JZW We should not use this

      WCL = DMAX1(2./(2. + RM),0.2D0)

      DLG1 = (3.0-RMT) * DLOG10(RN/(BETA * (RMN + RMT)))

   10 DLG2 = 3.0-RMT + EXPO + 2.0/RMN

      DLG3 = DLOG10(RMN * ALPHA * (WCS-WCR))

      DLG4 = DLOG10(CONDS)

      DLGC = -35.0

      DLGD = -35.0

!

!     ----- CALCULATE FUNCTIONAL VALUES Y(I) -----

   12 DO 54 I = 1,NOB

      IF(METHOD.EQ.3.OR.METHOD.EQ.4) GO TO 13

      IF(I.GT.NWC) GO TO 28

   13 AX = ALPHA * X(I)

      IF(AX.LT.1.D-20) GO TO 16

      EX = RN * DLOG10(AX)

      IF(MTYPE.LT.5) GO TO 14

      IF(AX.LE.1.) GO TO 16

      IF(EX.GT.10.) GO TO 20

      GO TO 22

   14 IF(EX.GT.-10.) GO TO 18

   16 RWC = 1.0

      GO TO 26

   18 IF(EX.LT.10.) GO TO 24

      EX = RM * EX

      IF(EX.LT.30.) GO TO 22

   20 RWC = 0.0

      GO TO 26

   22 RWC = AX**(-RM * RN)

      GO TO 26

   24 RWC = (1. + AX**RN)**(-RM)

   26 Y(I) = WCR + (WCS-WCR) * RWC

      IF(I.LE.NWC) GO TO 54

      GO TO 30

!

!     ----- CONDUCTIVITY DATA -----

   28 RWC = (X(I)-WCR)/(WCS-WCR)

   30 IF(RWC.GT.1.D-10) GO TO 31

      DLGC = -30

      DLGD = -30

      COND = 1.D-30

      DIF = 1.D-30

      GO TO 50

   31 IF(RWC.LT.0.999999D0) GO TO 32

      DLGC = DLG4

      COND = CONDS

      DLGD = 30.0

      DIF = 1.D30

      GO TO 50

   32 DLGW = DLOG10(RWC)

      DLGC = DLG2 * DLGW + DLG4

      DLGD = DLGC-DLG3-(RMN + 1) * DLGW/RMN

      IF(DLGC.LT.-30..OR.DLGW.LT.(-15. * RM)) GO TO 48

      IF(MTYPE.GT.4) GO TO 46

      DW = RWC**(1./RM)

      IF(MTYPE.GT.2) GO TO 42

!

!     ----- MTYPE = 1 OR 2 (VARIABLE M,N) -----

      IF(DW.GT.1.D-06) GO TO 34

      DLGC = DLGC + DLG1

      DLGD = DLGC-DLG3-(RMN + 1.) * DLGW/RMN

      GO TO 48

   34 IF(RWC-WCL) 36,36,38

   36 TERM = BINC(DW,AA,BB,BETA) !JZW we should not use this

      GO TO 44

   38 TERM = 1.-BINC(1.-DW,BB,AA,BETA)

      GO TO 44

!

!     ----- MTYPE = 3 OR 4 (RESTRICTED M,N) -----

   42 A = DMIN1(0.999999D0,DMAX1(1.D-7,1.-DW))

      TERM = 1.D0-A**RM

      IF(DW.LT.1.D-04) TERM = RM * DW * (1.-0.5 * (RM-1.) * DW)

   44 RELK = RWC**EXPO * TERM

      IF(RMT.LT.1.5) RELK = RELK * TERM

      DLGC = DLOG10(RELK) + DLG4

      DLGD = DLGC-DLG3-(RMN + 1.) * DLGW/RMN-(RN-1.) * DLOG10(1.-DW)/RN

      GO TO 48

!

!     ----- MTYPE = 5 OR 6 -----

   46 DLGD = DLG4-DLG3 + (2.0-RMT + EXPO + 1./RN) * DLGW

   48 DLGC = DMAX1(-30.D0,DLGC)

      DLGD = DMAX1(-30.D0,DLGD)

      DLGD = DMIN1(30.D0,DLGD)

      COND = 10.**DLGC

      DIF = 10.**DLGD

   50 IF(METHOD.EQ.1.OR.METHOD.EQ.3) Y(I) = COND

      IF(METHOD.EQ.2.OR.METHOD.EQ.4) Y(I) = DLGC

      IF(METHOD.EQ.5) Y(I) = DIF

      IF(METHOD.EQ.6) Y(I) = DLGD

 1000 FORMAT(I5,6D13.5)

   54 CONTINUE

   60 CONTINUE

      RETURN

      END SUBROUTINE MODEL_retc

      

      SUBROUTINE MATINV(A,NP,B)

      !TO INVERT THE MATRIX FOR PARAMETER ESTIMATION

      IMPLICIT real*8 (A-H,O-Z)

      Double Precision A(7,7),B(7),indx(7,2)

      DO 2 J = 1,7

    2 indx(J,1) = 0

      I = 0

    4 AMAX = -1.0

      DO 12 J = 1,NP

      IF(indx(J,1)) 12,6,12

    6 DO 10 K = 1,NP

      IF(indx(K,1)) 10,8,10

    8 P = ABS(A(J,K))

      IF(P.LE.AMAX) GO TO 10

      IR = J

      IC = K

      AMAX = P

   10 CONTINUE

   12 CONTINUE

      IF(AMAX) 30,30,14

   14 indx(IC,1) = IR

      IF(IR.EQ.IC) GO TO 18

      DO 16 L = 1,NP

      P = A(IR,L)

      A(IR,L) = A(IC,L)

   16 A(IC,L) = P

      P = B(IR)

      B(IR) = B(IC)

      B(IC) = P

      I = I + 1

      indx(I,2) = IC

   18 P = 1./A(IC,IC)

      A(IC,IC) = 1.0

      DO 20 L = 1,NP

   20 A(IC,L) = A(IC,L) * P

      B(IC) = B(IC) * P

      DO 24 K = 1,NP

      IF(K.EQ.IC) GO TO 24

      P = A(K,IC)

      A(K,IC) = 0.0

      DO 22 L = 1,NP

   22 A(K,L) = A(K,L)-A(IC,L) * P

      B(K) = B(K)-B(IC) * P

   24 CONTINUE

      GO TO 4

   26 IC = indx(I,2)

      IR = indx(IC,1)

      DO 28 K = 1,NP

      P = A(K,IR)

      A(K,IR) = A(K,IC)

   28 A(K,IC) = P

      I = I-1

   30 IF(I) 26,32,26

   32 RETURN

      END SUBROUTINE MATINV

      

      FUNCTION GAMMA(Z)

      !TO CALCULATE THE GAMMA FUNCTION FOR POSITIVE Z

      IMPLICIT real*8 (A-H,O-Z)

      IF(Z.LT.33.) GO TO 2

      GAMMA = 1.D36

      RETURN

    2 X = Z

      GAMMA = 1.0

      IF(X-2.0) 10,10,8

    6 IF(X-2.0) 14,14,8

    8 X = X-1.0

      GAMMA = GAMMA * X

      GO TO 6

   10 IF(X-1.0) 12,16,14

   12 GAMMA = GAMMA/X

      X = X + 1.0

   14 Y = X-1.0

      FY = 1.0-Y * (.5771017-Y * (.985854-Y * (.8764218- &

       Y * (.8328212-Y * (.5684729-Y * (.2548205-.0514993 * Y))))))

      GAMMA = GAMMA * FY

   16 RETURN

      END FUNCTION GAMMA

      

      FUNCTION BINC(X,A,B,BETA)

      !TO CALCULATE THE INCOMPLETE BETA-FUNCTION

      IMPLICIT real*8 (A-H,O-Z)

      DIMENSION T(200)

      DATA NT/10/

      NT1 = NT + 1

      T(1) = -(A + B) * X/(A + 1.0)

      DO 2 I = 2,NT,2

      Y = FLOAT(I/2)

      Y2 = FLOAT(I)

      T(I) = Y * (B-Y) * X/((A + Y2-1.0) * (A + Y2))

    2 T(I + 1) = -(A + Y) * (A + B + Y) * X/((A + Y2) * (A + Y2 + 1.0))

      BINC = 1.0

      DO 4 I = 1,NT

      K = NT1-I

    4 BINC = 1. + T(K)/BINC

      BINC = X**A * (1.-X)**B/(BINC * A * BETA)

      RETURN

      END FUNCTION BINC

      

      !-------------------------------------------------------------------------------

      SUBROUTINE TexturalAvg(SAND, SILT, CLAY,  &   !Input 

      thr, ths, he, Coarse, alpha, nvg, LL, DUL, ksat, Texture) !Output

      !calculates average soil parameters based on texture

      !SAND - sand content (%)

      !SILT - silt content (%)

      !CLAY - clay content (%)

      !thr - residual water content (cm3/cm3)

      !ths - saturation water content (cm3/cm3)

      !he - air entry tension (cm water)

      !Coarse - indicates if soil is of coarse texture

      !alpha - Van Genuchten alpha parameter (cm water -1)

      !nvg - Van Genuchten n parameter (unitless)

      !LL - soil lower limit water content (cm3/cm3)

      !DUL - soil drained upper limit water content (cm3/cm3)

      !ksat - soil saturated hydraulic conductivity (mm/hr)

      !texture - soil texture

      IMPLICIT NONE

      REAL :: SAND, SILT, CLAY, thr, ths, he

      LOGICAL :: Coarse

      REAL,OPTIONAL :: alpha, nvg, LL, DUL, ksat

      CHARACTER*12,OPTIONAL :: Texture

      

      !values from Rawls et al, 1982, Transactions of ASABE

      !alpha and n values from Rosetta Lite

      IF (SAND .GE. 85. .AND. SILT + 1.5 * CLAY .LE. 15.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Sand        '

        COARSE = .TRUE.

        thr=0.020

        ths=0.417

        he=7.26

        IF(PRESENT(alpha)) alpha=0.0353

        IF(PRESENT(nvg)) nvg=3.1798

        IF(PRESENT(DUL)) DUL=0.091

        IF(PRESENT(LL)) LL=0.033

        IF(PRESENT(ksat))ksat=210.0

      ELSEIF ((SAND .GE. 85. .AND. SAND .LT. 90. .AND. SILT + 1.5 * CLAY .GE. 15.) .OR. & 

             (SAND .GE. 70. .AND. SAND .LT. 85. .AND. SILT + 2.0 * CLAY .LE. 30.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'LoamySand   '

        COARSE = .TRUE.

        thr=0.035

        ths=0.401

        he=8.69

        IF(PRESENT(alpha)) alpha=0.0347

        IF(PRESENT(nvg)) nvg=1.7466

        IF(PRESENT(DUL)) DUL=0.125

        IF(PRESENT(LL)) LL=0.055

        IF(PRESENT(ksat))ksat=61.11

      ELSEIF ((CLAY .LE. 20. .AND. SAND .GE. 52. .AND. SILT + 2. * CLAY .GT. 30.) .OR. &

            (CLAY .LT. 7. .AND. SILT .LT. 50. .AND. SAND .GT. 43. .AND. SAND .LT. 52.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandyLoam   '

        COARSE = .TRUE.

        thr=0.041

        ths=0.412

        he=14.66

        IF(PRESENT(alpha)) alpha=0.0267

        IF(PRESENT(nvg)) nvg=1.4484

        IF(PRESENT(DUL)) DUL=0.207

        IF(PRESENT(LL)) LL=0.095

        IF(PRESENT(ksat))ksat=25.9

      ELSEIF (CLAY .GE. 7. .AND. CLAY .LE. 27. .AND. SILT .GE. 28. .AND. SILT .LT. 50. .AND. SAND .GE. 23. .AND. SAND .LT. 52.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Loam        '

        COARSE = .FALSE.

        thr=0.027

        ths=0.434

        he=11.15

        IF(PRESENT(alpha)) alpha=0.0111

        IF(PRESENT(nvg)) nvg=1.4737

        IF(PRESENT(DUL)) DUL=0.270

        IF(PRESENT(LL)) LL=0.117

        IF(PRESENT(ksat))ksat=13.2

      ELSEIF ((SILT .GE. 50. .AND. SILT .LE. 88. .AND. CLAY .GE. 12. .AND. CLAY .LE. 27.) .OR. &

             (SILT .GE. 50. .AND. SILT .LT. 80. .AND. CLAY .GE. 0. .AND. CLAY .LT. 12.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltyLoam   '

        COARSE = .FALSE.

        thr=0.015

        ths=0.486

        he=20.76

        IF(PRESENT(alpha)) alpha=0.0051

        IF(PRESENT(nvg)) nvg=1.6626

        IF(PRESENT(DUL)) DUL=0.330

        IF(PRESENT(LL)) LL=0.133

        IF(PRESENT(ksat))ksat=6.8

      ELSEIF (SILT .GE. 80. .AND. CLAY .LT. 12.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Silt        '

        COARSE = .FALSE.

        thr=0.015

        ths=0.486

        he=20.76

        IF(PRESENT(alpha)) alpha=0.0066

        IF(PRESENT(nvg)) nvg=1.6769

        IF(PRESENT(DUL)) DUL=0.330

        IF(PRESENT(LL)) LL=0.133

        IF(PRESENT(ksat))ksat=6.8

      ELSEIF (CLAY .GE. 20. .AND. CLAY .LT. 35. .AND. SILT .GE. 0.  .AND. SILT .LT. 28. .AND. SAND .GE. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandClayLoam'

        COARSE = .FALSE.

        thr=0.068

        ths=0.330

        he=28.08

        IF(PRESENT(alpha)) alpha=0.0211

        IF(PRESENT(nvg)) nvg=1.3298

        IF(PRESENT(DUL)) DUL=0.255

        IF(PRESENT(LL)) LL=0.148

        IF(PRESENT(ksat))ksat=4.3

      ELSEIF (CLAY .GE. 27. .AND. CLAY .LT. 40. .AND. SAND .GE. 20. .AND. SAND .LT. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'ClayLoam    '

        COARSE = .FALSE.

        thr=0.075

        ths=0.390

        he=25.89

        IF(PRESENT(alpha)) alpha=0.0158

        IF(PRESENT(nvg)) nvg=1.4145

        IF(PRESENT(DUL)) DUL=0.318

        IF(PRESENT(LL)) LL=0.197

        IF(PRESENT(ksat))ksat=2.3

      ELSEIF (CLAY .GE. 27. .AND. CLAY .LT. 40. .AND. SAND .GE. 0. .AND. SAND .LT. 20.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltClayLoam'

        COARSE = .FALSE.

        thr=0.040

        ths=0.432

        he=32.56

        IF(PRESENT(alpha)) alpha=0.0084

        IF(PRESENT(nvg)) nvg=1.5202

        IF(PRESENT(DUL)) DUL=0.366

        IF(PRESENT(LL)) LL=0.208

        IF(PRESENT(ksat))ksat=1.5

      ELSEIF (CLAY .GE. 35. .AND. SAND .GE. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandyClay   '

        COARSE = .FALSE.

        thr=0.109

        ths=0.321

        he=29.17

        IF(PRESENT(alpha)) alpha=0.0334

        IF(PRESENT(nvg)) nvg=1.2067

        IF(PRESENT(DUL)) DUL=0.339

        IF(PRESENT(LL)) LL=0.239

        IF(PRESENT(ksat))ksat=1.2

      ELSEIF (CLAY .GE. 40. .AND. SILT .GE. 40.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltyClay   '

        COARSE = .FALSE.

        thr=0.056

        ths=0.423

        he=34.19

        IF(PRESENT(alpha)) alpha=0.0162

        IF(PRESENT(nvg)) nvg=1.3207

        IF(PRESENT(DUL)) DUL=0.387

        IF(PRESENT(LL)) LL=0.250

        IF(PRESENT(ksat))ksat=0.9

      ELSEIF (CLAY .GE. 40. .AND. SAND .LT. 45. .AND. SILT .LT. 40.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Clay        '

        COARSE = .FALSE.

        thr=0.090

        ths=0.385

        he=37.30

        IF(PRESENT(alpha)) alpha=0.0150

        IF(PRESENT(nvg)) nvg=1.2529

        IF(PRESENT(DUL)) DUL=0.396

        IF(PRESENT(LL)) LL=0.272

        IF(PRESENT(ksat))ksat=0.6

      ELSE

        IF(PRESENT(TEXTURE)) TEXTURE = 'UNKOWN      '

        COARSE = .FALSE.

        thr=0.052

        ths=0.403

        he=22.70

        IF(PRESENT(alpha)) alpha=0.0158

        IF(PRESENT(nvg)) nvg=1.4145

        IF(PRESENT(DUL)) DUL=0.280

        IF(PRESENT(LL)) LL=0.159

        IF(PRESENT(ksat))ksat=29.8

      END IF

      

      RETURN

      END SUBROUTINE TexturalAvg

      

      !-------------------------------------------------------------------------------

      SUBROUTINE Retention(Coarse, LL, DUL, SAT, H_bub &   !Input 

      , TH, h)                                        !Output

      !calculates points along the soil water retention curve based on the soil properties

      !Coarse - if the soil is of coarse texture

      !LL - lower limit soil water content (cm3/cm3)

      !DUL - drained upper limit water content (cm3/cm3)

      !SAT - saturation water content (cm3/cm3)

      !H_bub - tension at air entry (cm water)

      !TH - water content (cm3/cm3)

      !h - tension (cm water)

      IMPLICIT NONE

      LOGICAL::Coarse

      INTEGER :: i,steps,bubSteps

      REAL :: Aparam, Bparam, tempStep, hDUL=33., H_bub, LL, DUL, SAT

      REAL,DIMENSION(:),ALLOCATABLE :: h, TH

      

      steps = CEILING( (SAT-LL)/0.005 )

      bubSteps = MAX( CEILING(steps*.05), 2 )

      ALLOCATE( h(steps+bubSteps), TH(steps+bubSteps) )

      

      !Relationships from Saxton and Rawls, 2006, SSSAJ

      IF (Coarse) hDUL=10.

      Bparam = (log(1500.) - log(hDUL)) / (log(DUL) - log(LL))

      Aparam = exp( log(hDUL) + ( Bparam * log(DUL) ) )

      

      tempStep = (SAT-LL)/steps

      DO i=1,steps

        TH(i) = LL + tempStep*(i-1)

        IF(TH(i) .LE. DUL)THEN

          h(i) = Aparam * ( TH(i) ** (- Bparam ) ) !1500 to hDUL (kPa)

        ELSE

          h(i) =hDUL-((TH(i) - DUL) * (hDUL- H_bub )/(SAT - DUL)) !hDUL to H_bub (kPa)

        END IF

      END DO

      

      !H_bub to hSat (kPa)

      tempStep = (H_bub-1)/bubSteps

      do i = steps+1, steps+bubSteps

         TH(i) = SAT

         h(i) = H_bub - tempStep*(i-steps)

      end do

      

      h = h*10.197 !convert from kPa to cm water

      

      RETURN

      END SUBROUTINE Retention

      

      END MODULE HPERC2_INIT
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    MODULE HPERC2_lib

    ! This module solves, flux, and tri solve the Richards eqn (RE) and the

    ! advection-dispersion eqn (ADE) for water in a soil

    ! profile for a specified period. Subroutine solve solves the RE in any 

    ! surface pond to solve the ADE. The basic reference for the methods is:

    ! Ross, P.J. 2003. Modeling soil water and solute transport - fast, simplified

    ! numerical solutions. Agron. J. 95:1352-1361.

!

! Copyright P.J. Ross 2001-2010

! Read the file "Terms of Use.doc" distributed with this software

!

    !USE numbers

    use PARM

    !USE hypvgvg ! set to required props module

    IMPLICIT NONE

    PRIVATE

    SAVE

    PUBLIC::botbc ! bottom boundary conditions

    PUBLIC::h0max,qprecmax,hbot ! boundary params

    PUBLIC::dSmax,dSmaxr,dtmax,dtmin,dsmmax,nwsteps ! solution parameters

    PUBLIC::solve ! solution routine

    PUBLIC::params,fvars ! derived types

    PUBLIC::gf,hmin,hdry,hjoin,drypwr,S1,par ! soil water parameters

    PUBLIC::nKv ! information

    PUBLIC::allo,hyofS,hyofh,Sofh,hypar,weight,deallo ! routines !temp cdj added deallo

    PUBLIC::fbd,dis,isotype,isopar ! soil solute parameters

    PUBLIC::solpar,setiso ! routines

    TYPE params

      REAL(FRK)::the,thre,hg,m,n,Kxm,p

      REAL(FRK)::he,Ke,KSe,phie,phiSe

      REAL(FRK)::hr1,hrS1,hp,hpwr

      REAL(FRK)::a0,a1,a2,b1

    END TYPE params

    TYPE fvars

      INTEGER::isat

      REAL(FRK)::h,phi,phiS,K,KS

    END TYPE fvars

    TYPE(params),DIMENSION(:),TARGET,ALLOCATABLE::par

    TYPE rapointer

      REAL(FRK),DIMENSION(:),POINTER::p

    END TYPE rapointer

    TYPE(rapointer),ALLOCATABLE::isopar(:,:)

    TYPE qa ! for quadratic approx to K(h) and phi(h)

      REAL(RKQA)::dh1,dh2

      INTEGER(IKQA)::mh1,mh2

      INTEGER(IKQA),DIMENSION(:),POINTER::nh

      REAL(RKQA),DIMENSION(:),POINTER::K,phi

    END TYPE qa

    TYPE qparams ! quadratic params

    ! quad approx for K is Kv(i)+a1*z+a2*z**2 where Kv is array of stored K values

    ! and z=(h-x0)*rdx (0<=z<=1)

      INTEGER::i

      REAL(FRK)::x0,rdx,a1,a2

    END TYPE qparams

    TYPE(qa),DIMENSION(:),TARGET,ALLOCATABLE::fun

    TYPE dryparams ! for near-dry water retention and condy

      REAL(FRK)::Sjoin,Kjoin,phijoin

    END TYPE dryparams

    TYPE dryparamsptr

      TYPE(dryparams),POINTER::p ! to a set of params

    END TYPE dryparamsptr

    TYPE(dryparamsptr),DIMENSION(:),ALLOCATABLE::drypar ! ptr for each prop type

    

    INTEGER,PARAMETER::drypwr=2

    REAL(FRK),PARAMETER::hjoin=-1.5e4_frk,hdry=-1.0e7_frk

    REAL(FRK),PARAMETER::drycS=-6.502290170873973_frk ! ln(hjoin/hdry)

    REAL(FRK),PARAMETER::dryc1=(-hjoin)**(-drypwr),dryc2=(-hdry)**(-drypwr)

    REAL(FRK),PARAMETER::drycK=one/(dryc1-dryc2),dryc3=one/(one-drypwr)

    REAL(FRK),PARAMETER::dryc4=hjoin*(dryc3*dryc1-dryc2)

    REAL(FRK),PARAMETER::S1=0.99_frk

    REAL(FRK),PARAMETER::Rmac1=0.25_frk,hmac1=-4.0_frk,hmac2=-40.0_frk

    REAL(FRK),PARAMETER::rerrK=0.01_frk

    INTEGER::nKv=0

    REAL(FRK)::gf=1.0_frk,hmin=-1.0e12_frk

    CHARACTER(LEN=2),DIMENSION(:,:),ALLOCATABLE::isotype

    REAL(FRK),ALLOCATABLE::fbd(:),dis(:)



    REAL(FRK),PARAMETER::dSfac=1.25_frk,dpmaxr=0.5_frk,h0min=-0.02_frk, &

      Smax=1.001_frk,dh0max=0.01_frk

    CHARACTER(LEN=20)::botbc="free drainage"

    INTEGER::nwsteps=10

    REAL(FRK)::h0max=1.0e10_frk,qprecmax=1.0e10_frk,hbot=0.0_frk

    REAL(FRK)::dSmax=0.05_frk,dSmaxr=0.5_frk,dtmax=1.0e10_frk,dtmin=0.0_frk,dsmmax=1.0_frk

    REAL(FRK),PARAMETER::third=1.0_frk/3.0_frk,sixth=1.0_frk/6.0_frk

    INTEGER::nless,nitsi

    !

    ! Definitions of public entities and private parameters (see above for default

    ! values):

    ! botbc    - bottom boundary condn for water; "constant head", "free drainage",

    !            "seepage", or "zero flux". Constant head means that matric head h

    !            is specified. Free drainage means zero gradient of matric head,

    !            i.e. unit hydraulic gradient. Seepage means zero flux when the

    !            matric head is below zero and an upper limit of zero for the head.

    ! h0max    - max pond depth allowed before runoff.

    ! qprecmax - max precipitation (or water input) rate (cm/h) for use with ponded

    !            constant head infiltration. If qprec > qprecmax then actual input

    !            rate is taken to be equal to infiltration plus evaporation rates.

    ! hbot     - matric head at bottom of profile when botbc set to "constant head".

    ! dSmax    - max change in S (the "effective saturation") of any unsaturated

    !            layer to aim for each time step; controls time step size.

    ! dSmaxr   - maximum negative relative change in S each time step. This

    !            parameter helps avoid very small or negative S.

    ! dtmax    - max time step allowed.

    ! dsmmax   - max solute change per time step (see dSmax); user should set this

    !            according to solute units used. Units for different solutes can be

    !            scaled by the user (e.g. to an expected max of around 1.0).

    ! nwsteps  - the solute routine is called every nwsteps of the RE solution.

    ! dSfac    - a change in S of up to dSfac*dSmax is accepted.

    ! dpmaxr   - relative change in matric flux potential (MFP) phi that is

    !            accepted for convergence when finding head h at soil interfaces.

    ! h0min    - min (negative) value for surface pond when it empties.

    ! Smax     - max value for layer saturation to allow some overshoot.

    ! dh0max   - allowable overshoot when pond reaches max allowed depth.

    ! solve    - sub to call to solve RE and ADE.

    !

    ! params      - type for water parameters. Params the, thre (=the-thr), hg, m,

    !               n, Kx and eta are for the vG and BC functions. he, Ke, KSe,

    !               phie and phiSe are values of variables h, K, KS, phi and phiS at

    !               saturation (denoted by the "e" for "air entry"), needed by

    !               module flow (MF). hr1 and hrS1 are values of h and hS at the

    !               saturation S1, above which a quadratic h(S) is used. bab is a

    !               parameter for the imcomplete beta function and hpwr is a head

    !               below which the vG retention is approximately a power law, for

    !               use in getting the gravity flow conductivity weighting w.

    ! fvars        - type for water variables used by MF and returned by subroutine

    !               hyofS (except for isat, which is 0 for unsaturated layers and 1

    !               for saturated layers).

    ! gf          - gravity factor for flow direction (usually 1 for straight down).

    ! hmin        - minimum matric head h (used by MF).

    ! hdry        - head at zero water content.

    ! hjoin       - head at which optional dry soil logarithmic water retention

    !               function joins vG function.

    ! drypwr      - power in conductivity function used with logarithmic retention.

    ! S1          - saturation above which a quadratic h(S) is used.

    ! par(:)      - hydraulic property params for soil types (also used by MF).

    ! nKv         - no. of stored K values for quadratic approx of K and the MFP

    !               phi. There are also approx nKv/2 stored phi values.

    ! allo        - subroutine to allocate parameter storage.

    ! hyofS       - subroutine to get water variable from saturation S (where S<1).

    ! hyofh       - subroutine to get some water variables from h.

    ! Sofh        - subroutine to get S from h.

    ! hypar       - subroutine to set soil hydraulic params.

    ! weight      - subroutine to get gravity flow conductivity weight w.

    ! fbd(:)       - bulk densities for soil types (used by MF).

    ! dis(:)      - dispersivities for soil types (used by MF).

    ! isotype(:)  - adsorption isotherm code for soil types (used by MF).

    ! isopar(:,:) - adsorption isotherm params for soil types (used by MF).

    ! solpar      - subroutine to set soil solute params.

    ! setiso      - subroutine to set soil solute isotherm type and params.

    ! Definitions of private parameters:

    ! dryc%  - parameters for dry soil wrc and K.

    ! Rmac   - value of SvG R factor at hmac1.

    ! hmac1  - value where SvG exponential "macropore" K starts.

    ! hmac2  - value where SvG non-exp "macropore" K starts.

    ! rerrK  - relative error for quadratic approx of K and MFP phi from hmac1 to

    !          min(hmac2,hg). This can be increased to reduce storage but accuracy

    !          of K and phi will be affected. Reducing it will increase accuracy.



    CONTAINS

    ! The subroutines solve, flux, and tri solve the Richards eqn (RE) and the

    ! advection-dispersion eqn (ADE) for water in a soil

    ! profile for a specified period. Subroutine solve solves the RE in any 

    ! surface pond to solve the ADE. The basic reference for the methods is:

    ! Ross, P.J. 2003. Modeling soil water and solute transport - fast, simplified

    ! numerical solutions. Agron. J. 95:1352-1361.



    !***********************************************************************************

    !***********************************************************************************

    

    SUBROUTINE solve(ts,tfin,qprec,qevap,n,nsol,dx,jt,h0,S,evap,runoff,infil,drn, &

      prk,nsteps,SUCCESS,heads,wex,cin,c0,sm,soff,sinfil,sdrn,nssteps)

    !***********************************************************************************

    !***********************************************************************************



    

    IMPLICIT NONE

    INTEGER,INTENT(IN)::n,nsol,jt(n)

    REAL(FRK),INTENT(IN)::ts,tfin,qprec,qevap,dx(n)!,ET(n)

    INTEGER,INTENT(INOUT)::nsteps

    LOGICAL,INTENT(OUT),OPTIONAL::success !temp cdj

    REAL(FRK),INTENT(INOUT)::h0,S(n),evap,runoff,infil,drn

    REAL(FRK),INTENT(IN),OPTIONAL::cin(nsol)

    INTEGER,INTENT(INOUT),OPTIONAL::nssteps(nsol)

    REAL(FRK),INTENT(INOUT),OPTIONAL::wex(n),c0(nsol),sm(n,nsol),soff(nsol), &

      sinfil(nsol),sdrn(nsol)

    REAL(FRK),INTENT(OUT),OPTIONAL::heads(n)

    REAL(FRK),INTENT(OUT)::prk(1:n) !temp cdj

    REAL(FRK)::calcPrk(0:n) !temp cdj

    ! Solves the RE and, optionally, the ADE from time ts to tfin.

    ! Definitions of arguments:

    ! Required args:

    ! ts      - start time (h).

    ! tfin    - finish time.

    ! qprec   - precipitation (or water input) rate (fluxes are in cm/h).

    ! qevap   - potl evaporation rate from soil surface.

    ! n       - no. of soil layers.

    ! nsol    - no. of solutes.

    ! dx(1:n) - layer thicknesses.

    ! jt(1:n) - layer soil type nos.

    ! h0      - surface head, equal to depth of surface pond.

    ! S(1:n)  - degree of saturation ("effective satn") of layers.

    ! evap    - cumulative evaporation from soil surface (cm, not initialised).

    ! runoff  - cumulative runoff.

    ! infil   - cumulative net infiltration (time integral of flux across surface).

    ! drn     - cumulative net drainage (time integral of flux across bottom).

    ! nsteps  - cumulative no. of time steps for RE soln.

    ! Optional args:

    ! heads(1:n)      - matric heads h of layers at finish.

    ! qexsub          - subroutine to get layer water extraction rates (cm/h) by

    !                   plants. Note that there is no solute extraction and osmotic

    !                   effects due to solute are ignored. Arguments:

    !                   jt(1:n) - layer soil type nos; h(1:n) - layer matric heads;

    !                   qex(1:n) - layer extraction rates; qexh(1:n) - partial

    !                   derivs of qex wrt h.

    ! wex(1:n)        - cumulative water extraction from layers.

    ! cin(1:nsol)     - solute concns in water input (user's units/cc).

    ! c0(1:nsol)      - solute concns in surface pond.

    ! sm(1:n,1:nsol)  - solute (mass) concns in layers.

    ! soff(1:nsol)    - cumulative solute runoff (user's units).

    ! sinfil(1:nsol)  - cumulative solute infiltration.

    ! sdrn(1:nsol)    - cumulative solute drainage.

    ! nssteps(1:nsol) - cumulative no. of time steps for ADE soln.

    LOGICAL again,getq0,getqn,init,initpond,maxpond

    INTEGER::i,iflux,ih0,iok,itmp,j,ns,nsat,nsatlast,nsteps0

    REAL(FRK)::accel,dmax,dt,dwinfil,dwoff,fac,infili,Khmin1,Kmin1,phimin1,phip, &

      qpme,qprec1,rsig,rsigdt,sig,t,ti,win

    REAL(FRK),DIMENSION(1)::Sbot

    REAL(FRK),DIMENSION(n-1)::dz

    REAL(FRK),DIMENSION(n)::hint,phimin,qex,qexd

    REAL(FRK),DIMENSION(n)::thi,thf

    REAL(FRK),DIMENSION(0:n)::aa,bb,cc,dd,dy,ee,q,qya,qyb

    REAL(FRK),DIMENSION(nsol)::cav,sinfili

    REAL(FRK),DIMENSION(n,nsol)::c

    TYPE(fvars)::vtop,vbot

    TYPE(fvars)::vcall(1)

    TYPE(fvars),DIMENSION(n),TARGET::var

    TYPE(fvars),POINTER::v

    TYPE(params),POINTER::p

    ! The derived types params and fvars hold soil water parameters and variables.

    ! Parameter names often end in e, which loosely denotes "air entry", i.e.,

    ! values at h=he. While values of water content th and hydraulic conductivity K

    ! at h=he are equal to those at saturation, the derivs wrt S are nonzero. The

    ! MFP phi for h>he is given by phi=phie+Ke*(h-he). The saturation status of a

    ! layer is stored as 0 or 1 in isat since S may be >1 (because of previous

    ! overshoot) when a layer desaturates. Fluxes at the beginning of a time step

    ! and their partial derivs wrt S or phi of upper and lower layers or boundaries

    ! are stored in q, qya and qyb.

    calcPrk=0. !temp cdj

    j=jt(1); p=>par(j)

    phip=max(p%phie-p%he*p%Ke,1.00001_frk*p%phie) ! phi at h=0

    ! get K, Kh and phi at hmin (hmin is smallest h, stored in hyprops)

    call hyofh(hmin,j,Kmin1,Khmin1,phimin1)

    dz=half*(dx(1:n-1)+dx(2:n)) ! flow paths

    !----- set up for boundary conditions

      getq0=.true.

      getqn=.false.

      if (botbc=="constant head") then ! h at bottom bdry specified

        getqn=.true.

        j=jt(n); p=>par(j)

        if (hbot<p%he) then

          Sbot(1)=Sofh(hbot,j)

          call hyofS(Sbot,1,(/j/),vcall)

          vbot=vcall(1)

          vbot%isat=0

        else

          vbot=fvars(1,hbot,(hbot-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

        end if

      end if

    !----- end set up for boundary conditions

    !----- initialise

      t=ts; nsteps0=nsteps; nsat=0

      ! initialise saturated regions

      var%isat=0

      where (S>=one)

        var%phi=par(jt)%phie; var%K=par(jt)%Ke

        var%isat=1

      end where

      if (nsol>0) then

        ! set solute info

        thi=par(jt)%the-par(jt)%thre*(one-S) ! initial th (note: thre=the-thr)

        ti=t; infili=infil; sinfili=sinfil

        if (h0>zero.and.count(c0/=cin)>0) then

          initpond=.true. ! initial pond with different solute concn

        else

          initpond=.false.

        end if

        c=zero ! temp storage for soln concns

      end if

    !----- end initialise

    !----- solve until tfin

      do while (t<tfin)

        !----- take next time step

          do iflux=1,2 ! sometimes need twice to adjust phi at satn

            if (nsteps==nsteps0.and.iflux==1) then

              init=.true. ! flag to initialise h at soil interfaces

            else

              init=.false.

            end if

            nsatlast=nsat ! for detecting onset of profile saturation

            nsat=sum(var%isat) ! no. of sat layers

            sig=half; IF (nsat/=0) sig=one ! time weighting sigma

            rsig=one/sig

            ! update variables

            if (iflux==1) call hyofS(S,n,jt,var) ! for layers where S<1

            ! phi is solution var at satn, so h calc from phi where S>=1

            where (S>=one) var%h=par(jt)%he+(var%phi-par(jt)%phie)/par(jt)%Ke

    !        do i=1,8

    !          if(s(i)>=0.98) print*,s(i) !temp cdj delme !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

    !        end do

            !----- get fluxes and derivs

              ! get surface condition

              p=>par(jt(1))

              if (var(1)%phi<=phip.and.h0<=zero.and.nsat<n) then ! no ponding

                ns=1 ! start index for eqns

                vtop=fvars(0,hmin,phimin1,zero,Kmin1,zero) ! fvars at soil surface

              else ! ponding

                ns=0

                vtop=fvars(1,h0,(h0-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

              end if

              ! get bottom bdry condn

              if (botbc=="seepage") then

                if (var(n)%h>-half*gf*dx(n)) then

                  getqn=.true.

                  p=>par(jt(n))

                  vbot=fvars(1,zero,(zero-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

                else

                  getqn=.false.

                end if

              end if

              ! get fluxes

              call getfluxes(n,jt,dx,dz,vtop,vbot,var,hint,phimin,q,qya,qyb, &

                iflux,init,getq0,getqn,SUCCESS)

              !IF(success==.FALSE.) RETURN !temp cdj - exit solve subroutine

              ! adjust for top and bottom bdry condns

              qpme=qprec-qevap ! input rate at saturation

              qprec1=qprec ! may change qprec1 to maintain pond if required

              if (ns==1) then

                if (q(0)<qpme) then

                  q(0)=qpme; qyb(0)=zero

                end if

                ! correction 10/2/2010

                maxpond=.false.

              else

                if (h0>=h0max.and.qpme>q(0)) then

                  maxpond=.true.

                  ns=1

                else

                  maxpond=.false.

                  ! change qya(0) from dq/dphi (returned by getfluxes) to dq/dh

                  qya(0)=par(jt(1))%Ke*qya(0)

                end if

              end if

              if (botbc/="constant head") then

                select case (botbc)

                  case ("zero flux")

                    q(n)=zero

                    qya(n)=zero

                  case ("free drainage")

                    v=>var(n)

                    q(n)=gf*v%K

                    if (v%isat==0) then

                      qya(n)=gf*v%KS

                    else

                      qya(n)=zero

                    end if

                  case ("seepage")

                    if (var(n)%h<=-half*gf*dx(n)) then

                      q(n)=zero

                      qya(n)=zero

                    end if

                  case default

                    write (*,*) "solve: illegal bottom boundary condn"

                    PAUSE

                end select

              end if

              again=.false. ! flag for recalcn of fluxes

            !----- end get fluxes and derivs

            !----- estimate time step dt

              dmax=zero

              thf=zero ! use thf as temp storage

              where (var%isat==0) thf=abs(q(1:n)-q(0:n-1))/(par(jt)%thre*dx)

              dmax=maxval(thf) ! max derivative |dS/dt|

              if (dmax>zero) then

                dt=dSmax/dmax

                ! if pond going adjust dt

                if (h0>zero.and.(q(0)-qpme)*dt>h0) dt=(h0-half*h0min)/(q(0)-qpme)

              else ! steady state flow

                if (qpme>=q(n)) then

                  ! step to finish

                  dt=tfin-t

                else

                  dt=-(h0-half*h0min)/(qpme-q(n)) ! pond going so adjust dt

                end if

              end if

              if (dt>dtmax) dt=dtmax ! user's limit

              ! if initial step, improve phi where S>=1

              if (nsteps==nsteps0.and.nsat>0.and.iflux==1) then

                again=.true.

                dt=1.0e-20*(tfin-ts)

              end if

              if (nsat==n.and.nsatlast<n.and.iflux==1) then

                ! profile has just become saturated so adjust phi values

                again=.true.

                dt=1.0e-20*(tfin-ts)

              end if

              if (t+1.1*dt>tfin) then ! step to finish

                dt=tfin-t

                t=tfin

              else

                t=t+dt ! tentative update

              end if

            !----- end estimate time step dt

            !----- get and solve eqns

              rsigdt=one/(sig*dt)

              ! aa, bb, cc and dd hold coeffs and rhs of tridiag eqn set

              aa(ns+1:n)=qya(ns:n-1); cc(ns:n-1)=-qyb(ns:n-1)

              dd(1:n)=-(q(0:n-1)-q(1:n))*rsig

              iok=0 ! flag for time step test

              itmp=0 ! counter to abort if not getting solution

              do while (iok==0) ! keep reducing time step until all ok

                itmp=itmp+1

                accel=one-0.05_frk*min(10,max(0,itmp-4)) ! acceleration

                if (itmp>50) then

                  write (*,*) "solve: too many iterations of equation solution"

                  STOP

                end if

                if (ns<1) then

                  bb(0)=-qya(0)-rsigdt

                  dd(0)=-(qpme-q(0))*rsig

                end if

                where (var%isat==0) bb(1:n)=qyb(0:n-1)-qya(1:n)- &

                par(jt)%thre*dx*rsigdt

                where (var%isat/=0) bb(1:n)=qyb(0:n-1)-qya(1:n)

                call tri(ns,n,aa,bb,cc,dd,ee,dy)

                ! dy contains dS or, for sat layers, dphi values

                iok=1

                if (.not.again) then

                  ! check if time step ok, if not then set fac to make it less

                  iok=1

                  do i=1,n

                    if (var(i)%isat==0) then ! check change in S

                      if (abs(dy(i))>dSfac*dSmax) then

                        fac=max(half,accel*abs(dSmax/dy(i))); iok=0; exit

                      end if

                      if (-dy(i)>dSmaxr*S(i)) then

                        fac=max(half,accel*dSmaxr*S(i)/(-dSfac*dy(i))); iok=0; exit

                      end if

                      if (S(i)<one.and.S(i)+dy(i)>Smax) then

                        fac=accel*(half*(one+Smax)-S(i))/dy(i); iok=0; exit

                      end if

                      if (S(i)>=one.and.dy(i)>half*(Smax-one)) then

                        fac=0.25*(Smax-one)/dy(i); iok=0; exit

                      end if

                    end if

                  end do

                  if (iok==1.and.ns<1.and.h0<h0max.and.h0+dy(0)>h0max+dh0max) then

                    ! start of runoff

                    fac=(h0max+half*dh0max-h0)/dy(0); iok=0

                  end if

                  if (iok==1.and.ns<1.and.h0>zero.and.h0+dy(0)<h0min) then

                    ! pond going

                    fac=-(h0-half*h0min)/dy(0); iok=0

                  end if

                  if (iok==0) then ! reduce time step

                    t=t-dt; dt=fac*dt; t=t+dt; rsigdt=1./(sig*dt)

                    nless=nless+1 ! count step size reductions

                  end if

                  v=>var(1)

                  if (v%isat/=0.and.iflux==1.and.v%phi<phip.and. &

                    v%phi+dy(1)>phip) then

                    ! incipient ponding - adjust state of saturated regions

                    t=t-dt; dt=1.0e-20*(tfin-ts); rsigdt=1./(sig*dt)

                    again=.true.; iok=0

                  end if

                end if

              end do

            !----- end get and solve eqns

            !----- update unknowns

              ih0=0

              if (.not.again) then

                dwoff=zero

                if (ns<1) then

                  h0=h0+dy(0)

                  if (h0<zero.and.dy(0)<zero) ih0=1 ! pond gone

                  evap=evap+qevap*dt

                  ! note that fluxes required are q at sigma of time step

                  dwinfil=(q(0)+sig*(qya(0)*dy(0)+qyb(0)*dy(1)))*dt

                else

                  dwinfil=(q(0)+sig*qyb(0)*dy(1))*dt

                  if (maxpond) then

                    evap=evap+qevap*dt

                    if (qprec>qprecmax) then ! set input to maintain pond

                      qpme=(q(0)+sig*qyb(0)*dy(1))

                      qprec1=qpme+qevap

                      dwoff=zero

                    else

                      dwoff=qpme*dt-dwinfil

                    end if

                    runoff=runoff+dwoff

                  else

                    evap=evap+qprec1*dt-dwinfil

                  end if

                end if

                infil=infil+dwinfil

                if (nsol>0) then ! get surface solute balance

                  if (initpond) then ! pond concn /= cin

                    if (h0>zero) then

                      if (ns==1) dy(0)=zero ! if max pond depth

                      cav=((two*h0-dy(0))*c0+qprec1*dt*cin)/(two*h0+dwoff+dwinfil)

                      c0=two*cav-c0

                    else

                      cav=((h0-dy(0))*c0+qprec1*dt*cin)/(dwoff+dwinfil)

                      initpond=.false. ! pond gone

                      c0=cin ! for output if any pond at end

                    end if

                    soff=soff+dwoff*cav

                    sinfil=sinfil+dwinfil*cav

                  else

                    soff=soff+dwoff*cin

                    sinfil=sinfil+(qprec1*dt-dwoff)*cin

                  end if

                end if

                if (botbc=="constant head") then

                  drn=drn+(q(n)+sig*qya(n)*dy(n))*dt

                else

                  drn=drn+(q(n)+sig*qya(n)*dy(n))*dt

                end if

                !begin temp cdj

                calcPrk=calcPrk+(q+sig*qya*dy)*dt

                !end temp cdj

                if (present(wex)) then

                  where (var%isat==0) wex=wex+(qex+sig*qexd*dy(1:n))*dt

                end if

              end if

              do i=1,n

                j=jt(i); p=>par(j); v=>var(i)

                if (v%isat==0) then

                  if (.not.again) then

                    S(i)=S(i)+dy(i)

                    if (S(i)>one.and.dy(i)>zero) then ! saturation of layer

                      v%isat=1; v%K=p%Ke; v%phi=p%phie

                    end if

                  end if

                else

                  v%phi=v%phi+dy(i)

                  if (i==1.and.ih0/=0.and.v%phi>=p%phie) v%phi=0. ! pond gone

                  if (v%phi<p%phie) then ! desaturation of layer

                    v%isat=0; v%K=p%Ke; v%phi=p%phie

                    v%KS=p%KSe; v%phiS=p%phiSe

                  end if

                end if

              end do

            !----- end update unknowns

            if (.not.again) exit

          end do

          if (dt<=dtmin) then

            write (2,*) "solve: time step = ",dt

            PAUSE

          end if

        !----- end take next time step

        ! remove negative h0 (optional)

        if (h0<zero.and.var(1)%isat==0) then

          infil=infil+h0

          S(1)=S(1)+h0/(par(jt(1))%thre*dx(1)); h0=zero

        end if

        nsteps=nsteps+1

      end do

    !----- end solve until tfin

    ! get heads if required

    if (present(heads)) then

      call hyofS(S,n,jt,var)

      heads=var%h

      where (S>=one) heads=par(jt)%he+(var%phi-par(jt)%phie)/par(jt)%Ke

    end if

    !begin temp cdj

    DO j=1,n

      prk(j)=calcPrk(j)

    END DO

    !end temp cdj

    !thOut=thf

    CONTAINS

    END SUBROUTINE solve

    SUBROUTINE getfluxes(n,jt,dx,dz,vtop,vbot,var,hint,phimin,q,qya,qyb, &

      iflux,init,getq0,getqn,SUCCESS)

    IMPLICIT NONE

    LOGICAL,INTENT(IN)::init,getq0,getqn

    INTEGER,INTENT(IN)::n,jt(n),iflux

    REAL(FRK),INTENT(IN)::dx(n),dz(n-1)

    TYPE(fvars),INTENT(IN)::vtop,vbot

    TYPE(fvars),TARGET,INTENT(IN)::var(n)

    REAL(FRK),INTENT(INOUT)::hint(n),phimin(n)

    REAL(FRK),INTENT(OUT)::q(0:n),qya(0:n),qyb(0:n)

    LOGICAL,INTENT(OUT)::success !temp cdj

    ! Gets fluxes q and partial derivs qya, qyb wrt S (if unsat) or phi (if sat).

    ! Fluxes at top and bottom of profile, and fluxes due to plant extraction of

    ! water are included.

    ! Definitions of arguments:

    ! n           - no. of soil layers.

    ! jt(1:n)     - layer soil type nos.

    ! dx(1:n)     - layer thicknesses.

    ! dz(1:n-1)   - distances between layer centres.

    ! vtop        - water fvars at soil surface.

    ! vbot        - water fvars at bottom of profile.

    ! var(1:n)    - water fvars at layer centres.

    ! hint(1:n)   - values of h at interfaces are stored sequentially in hint.

    ! phimin(1:n) - similarly for phi at hmin in layers above interfaces.

    ! q(0:n)      - fluxes; q(i), i=1,...,n-1 is flux from layer i to layer i+1.

    !               q(0) is surface flux and q(n) is flux at bottom of profile.

    ! qya(0:n)    - partial deriv of q(i), i=0,...,n, wrt the variable to be solved

    !               for (S, phi or h) at upper end of flow path.

    ! qyb(0:n)    - ditto for var at lower end.

    ! iflux       - if iflux/=1, get only fluxes involving sat layers.

    ! init        - true if hint and phimin to be initialised.

    ! getq0       - true if q(0) required.

    ! getqn       - true if q(n) required.

    LOGICAL flag,limit

    INTEGER::i,itmp,j,l,m

    REAL(FRK)::dphii1,dhi,h1,h2,hi,Khi1,Khi2,phii1,q2,qya2,qyb2,y,y1,y2

    TYPE(params),POINTER::p,pm

    TYPE(fvars)::vi1,vi2

    TYPE(fvars),POINTER::v,vp

    v=>var(1)

    if (iflux==1.or.v%isat/=0) then ! get top flux if required

      if (getq0) then

        call flux(jt(1),vtop,v,half*dx(1),q(0),qya(0),qyb(0))

      end if

    end if

    ! get other fluxes

    l=0



    do i=1,n-1

      j=jt(i); p=>par(j)

      v=>var(i); vp=>var(i+1)

      if (iflux==1.or.v%isat/=0.or.vp%isat/=0) then ! get flux

        if (j==jt(i+1)) then ! same soil type, no interface

          call flux(j,v,vp,dz(i),q(i),qya(i),qyb(i))

        else ! interface

          l=l+1; m=jt(i+1); pm=>par(m)

          if (init) then ! initialise

            call hyofh(hmin,j,vi1%K,Khi1,phimin(l)) ! get phi at hmin

            h1=v%h; h2=vp%h

            y1=v%K*dx(i+1); y2=vp%K*dx(i)

            ! equate fluxes (K constant) to get initial estimate of h at interface

            hint(l)=(y1*h1+y2*h2+half*gf*(v%K-vp%K)*dx(i)*dx(i+1))/(y1+y2)

          end if

          hi=hint(l)

          flag=.true.; itmp=0

          ! iterate to get hi at interface for equal fluxes using Newton's method

          ! get dphii1 at interface in upper layer, because of better linearity,

          ! then convert to dhi

          do while (flag)

            itmp=itmp+1

            if (itmp>100) then

              write (*,*) "getfluxes: too many iterations finding interface h"

              success=.FALSE. !temp cdj

              STOP

            end if

            if (hi<p%he) then

              vi1%isat=0

              call hyofh(hi,j,vi1%K,Khi1,phii1)

              vi1%KS=Khi1/vi1%K ! use dK/dphi, not dK/dS

            else

              vi1%isat=1

              vi1%K=p%Ke; phii1=p%phie+(hi-p%he)*p%Ke; vi1%KS=zero

            end if

            vi1%h=hi; vi1%phi=phii1; vi1%phiS=one ! use dphi/dphi not dphi/dS

            call flux(j,v,vi1,half*dx(i),q(i),qya(i),qyb(i))

            if (hi<pm%he) then

              vi2%isat=0

              call hyofh(hi,m,vi2%K,Khi2,vi2%phi)

              vi2%KS=Khi2/vi2%K ! dK/dphi

            else

              vi2%isat=1; vi2%K=pm%Ke; vi2%phi=pm%phie+(hi-pm%he)*pm%Ke

            end if

            vi2%h=hi; vi2%phiS=one ! dphi/dphi

            call flux(m,vi2,vp,half*dx(i+1),q2,qya2,qyb2)

            qya2=qya2*vi2%K/vi1%K ! partial deriv wrt phii1

            ! adjust for equal fluxes

            dphii1=-(q(i)-q2)/(qyb(i)-qya2)

            limit=.false.

            if (phii1+dphii1<=phimin(l)) then ! out of range

              limit=.true.; dphii1=-half*(phii1-phimin(l))

            end if

            phii1=phii1+dphii1

            dhi=dphii1/(vi1%K+half*vi1%KS*dphii1) ! 2nd order Pade approx

            if (-vi1%KS*dphii1>1.5*vi1%K) then ! use 1st order approx for dhi

              dhi=dphii1/vi1%K

            end if

            hi=hi+dhi

            IF(HI<-999990.)FLAG=.FALSE.

            ! check for convergence - dphi/(mean phi)<=dpmaxr

            if (limit.or.abs(dphii1/(phii1-half*dphii1))>dpmaxr) then

              nitsi=nitsi+1 ! accumulate no. of interface its

            else

              flag=.false.

            end if

          end do

          q(i)=q(i)+qyb(i)*dphii1

          hint(l)=hi

          ! adjust derivs

          y=1./(qya2-qyb(i))

          qya(i)=qya(i)*qya2*y; qyb(i)=-qyb2*qyb(i)*y

        end if

      end if

    end do

    v=>var(n)

    if (iflux==1.or.v%isat/=0) then ! get bottom flux if required

      if (getqn) then

        call flux(jt(n),v,vbot,half*dx(n),q(n),qya(n),qyb(n))

      end if

    end if

      END SUBROUTINE getfluxes



    SUBROUTINE flux(j,v1,v2,dz,q,qya,qyb)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::dz

    REAL(FRK),INTENT(OUT)::q,qya,qyb

    TYPE(fvars),INTENT(IN)::v1,v2

    ! Gets flux and partial derivs for specified flow path.

    ! Definitions of arguments:

    ! j   - soil type no.

    ! v1  - water fvars at upper end of path.

    ! v2  - ditto at lower end.

    ! dz  - length of path.

    ! q   - flux.

    ! qya - partial deriv of flux wrt S (if unsat) or phi (if sat) at upper end.

    ! qyb - ditto at lower end.

    REAL(FRK)::w,rdz

    TYPE(params),POINTER::p

    ! gf is gravity factor (0 to 1) assumed available in module

    p=>par(j)

      if (gf<zero) then

        if ((v1%isat/=0.and.v2%isat/=0).or.v1%h-gf*(-dz)>=p%he) then

          ! correction 21/5/07

          !w=zero

          w=one

        else

          w=weight(j,v1%h,v1%K,v1%phi,-dz)

          w=one-w

        end if

      else

        if ((v1%isat/=0.and.v2%isat/=0).or.v2%h-gf*dz>=p%he) then

          w=zero

        else

          w=weight(j,v2%h,v2%K,v2%phi,dz)

        end if

      end if

    rdz=one/dz

    q=(v1%phi-v2%phi)*rdz+gf*(w*v1%K+(one-w)*v2%K)

    if (v1%isat==0) then

      qya=v1%phiS*rdz+gf*w*v1%KS

    else

      qya=rdz

    end if

    if (v2%isat==0) then

      qyb=-v2%phiS*rdz+gf*(1.-w)*v2%KS

    else

      qyb=-rdz

    end if

    END SUBROUTINE flux



    SUBROUTINE tri(ns,n,aa,bb,cc,dd,ee,dy)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::ns,n

    REAL(FRK),DIMENSION(0:n),INTENT(IN)::aa,cc,dd

    REAL(FRK),DIMENSION(0:n),INTENT(INOUT)::bb,ee,dy

    ! Solves tridiag set of linear eqns. Coeff arrays aa and cc left intact.

    ! Definitions of arguments:

    ! ns      - start index for eqns.

    ! n       - end index.

    ! aa(0:n) - coeffs below diagonal; ns+1:n used.

    ! bb(0:n) - coeffs on diagonal; ns:n used.

    ! cc(0:n) - coeffs above diagonal; ns:n-1 used.

    ! dd(0:n) - rhs coeffs; ns:n used.

    ! ee(0:n) - work space.

    ! dy(0:n) - solution in ns:n.

    INTEGER::i

    dy(ns)=dd(ns) ! decomposition and forward substitution

    do i=ns,n-1

      ee(i)=cc(i)/bb(i)

      dy(i)=dy(i)/bb(i)

      bb(i+1)=bb(i+1)-aa(i+1)*ee(i)

      dy(i+1)=dd(i+1)-aa(i+1)*dy(i)

    end do

    dy(n)=dy(n)/bb(n) ! back substitution

    do i=n-1,ns,-1

      dy(i)=dy(i)-ee(i)*dy(i+1)

    end do

    END SUBROUTINE tri



! The following subroutines implement Schaap and van Genuchten (SvG) soil water retention and

! conductivity functions. It includes "macropore" conductivity components and an

! optional dry soil water retention component. Note that m=1-1/n for the vG wrc.



    SUBROUTINE allo(nt,ns)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::nt,ns

    ! Allocate storage for soil water and solute parameters. This cannot be

    ! deallocated but it can be reused.

    ! Definitions of arguments:

    ! nt - no. of soil hydraulic property types.

    ! ns - no. of solutes.

    INTEGER::i,j

    allocate(par(nt),fun(nt),drypar(nt))

    allocate(isotype(nt,ns),fbd(nt),dis(nt),isopar(nt,ns))

    do i=1,nt

      nullify(fun(i)%nh,drypar(i)%p) ! so association can be tested

      do j=1,ns

        nullify(isopar(i,j)%p)

      end do

    end do

    END SUBROUTINE allo



    SUBROUTINE deallo()

    IMPLICIT NONE

    ! Allocate storage for soil water and solute parameters. This cannot be

    ! deallocated but it can be reused.

    ! Definitions of arguments:

    ! nt - no. of soil hydraulic property types.

    ! ns - no. of solutes.

    deallocate(par,fun,drypar)

    deallocate(isotype,fbd,dis,isopar)

    !do i=1,nt

    !  nullify(fun(i)%nh,drypar(i)%p) ! so association can be tested

    !  do j=1,ns

    !    nullify(isopar(i,j)%p)

    !  end do

    !end do

    END SUBROUTINE deallo



    SUBROUTINE hyofS(Sv,nl,jt,var)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::nl,jt(:)

    REAL(FRK),INTENT(IN)::Sv(:)

    TYPE(fvars),DIMENSION(:),TARGET,INTENT(OUT)::var

    ! Get soil water variables from S.

    ! Definitions of arguments:

    ! Sv(1:nl)  - degree of saturation ("effective satn") of layers.

    ! nl        - no. of soil layers.

    ! jt(1:nl)  - layer soil type nos.

    ! var(1:nl) - other water fvars of layers.

    LOGICAL::SgeS1

    INTEGER::i,j

    REAL(FRK)::a1,a2,hr,hrS,lnS,r,rn,S,v1,v2,x,z

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(dryparams),POINTER::dp

    TYPE(fvars),POINTER::v

    TYPE(qa),POINTER::f

    do i=1,nl

      if (Sv(i)<one) then

        j=jt(i); v=>var(i)

        S=Sv(i)

        IF(S<0.)CYCLE

        if (associated(drypar(j)%p)) then ! check for dry soil wrc

          dp=>drypar(j)%p

          if (S<dp%Sjoin) then ! use logarithmic dry soil wrc, K and phi

            a1=drycS/dp%Sjoin

            v%h=hdry*exp(a1*S)

            v1=(-v%h)**(-drypwr)

            v%K=drycK*dp%Kjoin*(v1-dryc2)

            v%KS=-drycK*dp%Kjoin*drypwr*v1*a1

            v%phi=dp%phijoin+drycK*dp%Kjoin*(v%h*(dryc3*v1-dryc2)-dryc4)

            v%phiS=v%K*v%h*a1

            cycle ! do next layer

          end if

        end if

        p=>par(j); f=>fun(j)

        ! get hr

        if (S>=S1) then ! quadratic h(S)

          SgeS1=.true.

          r=one/(S1-one)

          z=(S-one)*r

          a1=two*p%hr1-(S1-one)*p%hrS1

          a2=p%hr1-a1

          hr=z*(a1+z*a2)

          hrS=(a1+two*z*a2)*r

        else ! vG h(S)

          SgeS1=.false.

          rn=one/p%n

          lnS=log(S)

          x=exp(lnS/p%m)

          hr=exp(rn*log(one/x-one))

          hrS=-hr/(p%m*p%n*(one-x)*S)

        end if

        v%h=p%hg*hr

        ! get K and phi

        if (v%h>=hmac1) then ! SvG exponential "macropore" K and phi

          v%K=p%Ke*exp(-v%h/p%hp)

          v%KS=-v%K*p%hg*hrS/p%hp

          v%phi=f%phi(1)-p%hp*(v%K-f%K(1))

        elseif (v%h>hmac2+f%mh2*f%dh2) then ! SvG non-exp "macropore" K and phi

          call getqa(v%h,f,qp)

          z=(v%h-qp%x0)*qp%rdx

          v%K=f%K(qp%i)+z*(qp%a1+z*qp%a2)

          v%KS=(qp%a1+two*z*qp%a2)*qp%rdx*p%hg*hrS

          v%phi=f%phi(qp%i/2+1)+z*(f%K(qp%i)+z*(half*qp%a1+third*z*qp%a2))/qp%rdx

        else ! SvG modified vG K and phi

          if (SgeS1) then ! very unlikely, but get required functions of h

            x=one/(one+exp(p%n*log(hr)))

            lnS=p%m*log(x) ! actually ln(x**m), not ln(S)

            S=exp(lnS) ! actually x**m, not S

          end if

          v1=p%m*x*(two-x)/(two+(p%m-two)*x*(one+sixth*(p%m-one)*x))

          ! v1 is Pade approx for 1-(1-x)**m - saves ** and errors for very small x

          v2=exp(p%p*lnS)

          v%K=p%Kxm*v2*v1**2

          v%KS=v%K*(p%p+two*x*(one-v1)/((one-x)*v1))/S

          v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

          ! v1 is Pade approx to series for getting phi

          v%phi=p%Kxm*p%hg*v2*S*x*v1

          v%phiS=v%K*p%hg*hrS

        end if

        v%phiS=v%K*p%hg*hrS

      end if

    end do

    END SUBROUTINE hyofS

    SUBROUTINE hyofh(h,j,K,Kh,phi)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h

    REAL(FRK),INTENT(OUT)::K,Kh,phi

    ! Get soil water variables from h.

    ! Definitions of arguments:

    ! h   - matric head.

    ! j   - soil type no.

    ! K   - hydraulic conductivity.

    ! Kh  - derivative dK/dh.

    ! phi - matric flux potential (MFP).

    REAL(FRK)::hr,lnx,v1,v2,x,z

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(qa),POINTER::f

    TYPE(dryparams),POINTER::dp

    if (associated(drypar(j)%p)) then

      dp=>drypar(j)%p

      if (h<hjoin) then ! use logarithmic dry soil K and phi

        x=(-h)**(-drypwr)

        K=drycK*dp%Kjoin*(x-dryc2)

        Kh=-drycK*dp%Kjoin*drypwr*x/h

        phi=dp%phijoin+drycK*dp%Kjoin*(h*(dryc3*x-dryc2)-dryc4)

        return ! finished

      end if

    end if

    p=>par(j); f=>fun(j)

    if (h>=hmac1) then ! SvG exponential "macropore" K and phi

      K=p%Ke*exp(-h/p%hp)

      Kh=-K/p%hp

      phi=f%phi(1)-p%hp*(K-f%K(1))

    elseif (h>hmac2+f%mh2*f%dh2) then ! SvG non-exp SvG "macropore" K and phi

      call getqa(h,f,qp)

      z=(h-qp%x0)*qp%rdx

      K=f%K(qp%i)+z*(qp%a1+z*qp%a2)

      Kh=(qp%a1+two*z*qp%a2)*qp%rdx

      phi=f%phi(qp%i/2+1)+z*(f%K(qp%i)+z*(half*qp%a1+third*z*qp%a2))/qp%rdx

    else ! SvG modified vG K and phi

      hr=h/p%hg

      x=one/(one+exp(p%n*log(hr)))

      v1=p%m*x*(two-x)/(two+(p%m-two)*x*(one+sixth*(p%m-one)*x))

      ! v1 is Pade approx for 1-(1-x)**m - saves ** and errors for very small x

      lnx=log(x)

      v2=exp(p%p*p%m*lnx)

      K=p%Kxm*v2*v1**2

      Kh=-p%m*p%n*K*(p%p*(one-x)+two*x*(one/v1-one))/(p%hg*hr)

      v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

      ! v1 is Pade approx to series for getting phi

      phi=p%Kxm*p%hg*exp((p%m*(p%p+one)+one)*lnx)*v1

    end if

    END SUBROUTINE hyofh

    SUBROUTINE hypar(j,thr,the,hg,Kx,mn,pp,Ks,drywrc)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::thr,the,hg,Kx,mn,pp,Ks

    LOGICAL,INTENT(IN),OPTIONAL::drywrc

    ! Set soil hydraulic property parameters.

    ! Note that a call without drywrc deallocates dry wrc memory.

    ! Definitions of arguments:

    ! j      - soil type no.

    ! thr    - "residual" water content.

    ! the    - saturated water content.

    ! Kx     - saturated hydraulic conductivity of soil "matrix".

    ! mn     - vG retention function shape parameter.

    ! pp     - pore parameter for conductivity.

    ! Ks     - saturated hydraulic conductivity.

    ! drywrc - logarithmic wrc used in dry soil (h<hjoin) if drywrc true.

    INTEGER,PARAMETER::maxpts=9999999 ! for K(h) approx by quadratics - can increase

    INTEGER::i,jj,jt(1),kk,m,n,nh(maxpts)

    REAL(FRK),PARAMETER::rerrKw=0.01_frk ! rel error for power law for w approx

    ! can increase rerrKw for speed, but may affect accuracy

    REAL(FRK)::a,dh,K,Kh,phi,S(1),v1,v2,x

    REAL(FRK),DIMENSION(maxpts)::h,Kv,y

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(fvars)::v(1)

    TYPE(qa),POINTER::f

    if (.not.allocated(par)) then

      write (*,*) "hypar: must call allo before hypar to allocate storage"

      stop

    end if

    if (size(par)<j) then

      write (*,*) "hypar: not enough space allocated for soil types"

      stop

    end if

    jt(1)=j; p=>par(j); f=>fun(j)

    p%n=one+mn; p%m=mn/p%n ! note that kvg must be one

    p%the=the; p%thre=the-thr ! note that the-thr is stored rather than thr

    p%hg=hg; p%he=-.001_frk !temp cdj changed from zero to -one

    p%p=pp; p%Ke=Ks

    p%hp=hmac1/((one-Rmac1)*log(Ks/Kx)) ! K=Ks*exp(-h/p%hp)

    x=exp(log(S1)/p%m)

    p%hr1=exp(log(one/x-one)/p%n) ! hr at S1

    p%hrS1=-p%hr1/(mn*S1*(one-x)) ! dhr/dS at S1

    x=one/(one+exp(p%n*log(hmac1/hg)))

    v1=exp(p%m*pp*log(x))

    v2=one-exp(p%m*log(one-x))

    p%Kxm=Kx/(v1*v2**2) ! v1*v2**2 is modified vG K function at hmac1

    p%hpwr=min(hmac2,hg*exp(-log(rerrKw/(p%m*(p%p+one)+one))/p%n)) ! for w approx

    ! get params for phi approx

    a=p%m*(pp+one)+one

    if (a<=0.001_frk) then

      write (*,*) "hypar: pp for K too small"

      stop

    end if

    v1=(p%m**2+11.0_frk)/(a+two)

    v2=(p%m-one)*p%m**2

    p%b1=-two*(p%m**2+5.0_frk)/((a+3.0_frk)*v1)

    p%a0=v2/a

    p%a1=v2*(one/(a+one)+p%b1/a)

    p%a2=v2*(p%b1/(a+one)+v1/12.0_frk)

    ! get quadratic approx for K and phi

    f%mh1=3+(hmac2-hmac1)/hg ! no. of intervals from hmac1 to hmac2

    f%dh1=(hmac2-hmac1)/f%mh1

    m=f%mh1+1 ! no. of h values

    do i=1,m-1

      h(i)=hmac1+(i-1)*f%dh1 ! h values

    end do

    h(m)=hmac2

    x=one/(one+exp(p%n*log(hmac2/hg)))

    if (x>0.55_frk) then ! get extra quads

      f%mh2=one+(hg-hmac2)/hg

      f%dh2=(hg-h(m))/f%mh2

      do i=m+1,m+f%mh2

        h(i)=h(m)+(i-m)*f%dh2

      end do

      m=m+f%mh2 ! new no. of h values

    else

      f%mh2=0 ! no extra quads

    end if

    jj=1; nh(1)=1

    do i=1,m-1

      call fitquad(h(i),h(i+1),rerrK,p,y,n)

    !  write (2,*) "n ",n

      if (jj+n-1>maxpts)EXIT

        !write (*,*) "hypar: too many points for K(h)"

        !stop

      !end if

      Kv(jj:jj+n-1)=y(1:n)

      jj=jj+n-1

      nh(i+1)=jj

    end do

    if (associated(f%nh)) then

      nKv=nKv-f%nh(size(f%nh)) ! adjust counter

      deallocate(f%nh,f%K,f%phi)

    end if

    nKv=nKv+jj ! cumulative no. of K values

    allocate(f%nh(m),f%K(jj),f%phi(jj/2+1))

    f%nh=nh(1:m); f%K=Kv(1:jj)

    !write (2,"(a5,10i5)") "nh ",f%nh

    !write (2,*) h(1:m)

    !write (2,"(8f10.4)") f%K

    ! get phi values from K by integrating quads

    if (f%mh2>0) x=0.5_frk

    v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

    f%phi(jj/2+1)=p%Kxm*p%hg*exp(a*log(x))*v1

    do kk=m,2,-1 ! step through major intervals from last to first

      if (kk>f%mh1+1) then

        dh=f%dh2/(f%nh(kk)-f%nh(kk-1)) ! half quadratic interval

      else

        dh=f%dh1/(f%nh(kk)-f%nh(kk-1))

      end if

      jj=1

      do i=f%nh(kk)-2,f%nh(kk-1),-2 ! step through quadratics

        call getqa(h(kk)-jj*dh,f,qp)

        ! add integral of K over quad from lower to higher h

        f%phi(i/2+1)=f%phi(i/2+2)-(f%K(i)+half*qp%a1+third*qp%a2)/qp%rdx

        jj=jj+2

      end do

    end do

    !write (2,"(8f10.4)") f%phi

    if (present(drywrc)) then

      if (drywrc) then

        if (abs(thr)>epsilon(one)) then

          write (*,*) "hypar: thr must be zero with dry wrc"

          stop

        end if

        if (.not.associated(drypar(j)%p)) then

          allocate(drypar(j)%p)

        end if

        ! get params for join of wet S and dry S

        drypar(j)%p%Sjoin=Sofh(hjoin,j)

        call hyofh(hjoin,j,K,Kh,phi)

        drypar(j)%p%phijoin=phi

        drypar(j)%p%Kjoin=K

      end if

    else

      if (associated(drypar(j)%p)) then ! no param, deallocate memory

        deallocate(drypar(j)%p)

      end if

    end if

    !WRITE(51,*)ONE,EPSILON(ONE)

    S(1)=one-epsilon(one)

    call hyofS(S,1,jt,v)

    p%KSe=v(1)%KS ! dK/dS at he

    p%phie=v(1)%phi ! MFP at he

    p%phiSe=v(1)%phiS ! dphi/dS at he

    END SUBROUTINE hypar

    SUBROUTINE getqa(x,f,qp)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::x

    TYPE(qa),INTENT(IN)::f

    TYPE(qparams),INTENT(OUT)::qp

    ! Get quadratic approx params.

    ! Definitions of arguments:

    ! x  - head h.

    ! f  - quad approx data.

    ! qp - quad params.

    INTEGER::i,j,n

    REAL(FRK)::dx0,dxj,x0,xj

    ! find position in array

    if (x<hmac2) then

      x0=hmac2; dx0=f%dh2; n=f%mh1

    else

      x0=hmac1; dx0=f%dh1; n=0

    end if

    j=one+(x-x0)/dx0

    xj=x0+(j-1)*dx0

    j=j+n

    dxj=dx0/((f%nh(j+1)-f%nh(j))/2)

    qp%rdx=one/dxj

    i=(x-xj)*qp%rdx

    qp%x0=xj+i*dxj

    i=f%nh(j)+2*i

    ! get quadratic params

    qp%a1=-3.0*f%K(i)+4.0*f%K(i+1)-f%K(i+2)

    qp%a2=f%K(i+2)-f%K(i)-qp%a1

    qp%i=i

    END SUBROUTINE getqa

    SUBROUTINE fitquad(x0,x1,e,p,y,n)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::x0,x1,e

    TYPE(params),INTENT(IN)::p

    REAL(FRK),INTENT(OUT)::y(:)

    INTEGER,INTENT(OUT)::n

    ! Fit quadratics to K in head interval.

    ! Definitions of arguments:

    ! x0,x1 - head interval from x0 to x1.

    ! e     - rel error.

    ! p     - soil type params.

    ! y     - K values defining quads.

    ! n     - no. of values.

    LOGICAL::ok

    INTEGER::i,j,nmax

    REAL(FRK)::a1,a2,dx,e1,e2

    nmax=size(y)

    ! initialise y

    n=5; dx=(x1-x0)/(n-1)

    do i=1,n

      y(i)=Kf(x0+(i-1)*dx,p)

    end do

    ! loop until error ok

    do

      ! check quadratic fits

      ok=.true.

      do i=1,n-4,4

        a1=-3.0_frk*y(i)+4.0_frk*y(i+2)-y(i+4)

        a2=y(i+4)-y(i)-a1

        e1=abs((y(i)+0.25_frk*(a1+0.25_frk*a2))/y(i+1)-one)

        e2=abs((y(i)+0.75_frk*(a1+0.75_frk*a2))/y(i+3)-one)

        ! require errors at test points and monotonicity to be ok

        if (max(e1,e2)>e.or.a1*(a1+two*a2)<zero) then

          ok=.false.

          exit

        end if

      end do

      if (.not.ok) then

        ! double no. of intervals

        if (2*n-1>nmax) then

          write (*,*) "fitquad: too many points"

          stop

        end if

        dx=half*dx

        do i=n,2,-1

          j=2*i-1

          y(j)=y(i)

          y(j-1)=Kf(x0+(j-2)*dx,p)

        end do

        n=2*n-1

      else

        exit

      end if

    end do

    ! remove test points

    j=1

    do i=3,n,2

      j=j+1

      y(j)=y(i)

    end do

    n=j

    CONTAINS

    FUNCTION Kf(h,p)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::h

    TYPE(params),INTENT(IN)::p

    REAL(FRK)::Kf

    ! Get SvG K(h) (for h<=hmac1)

    ! Definitions of arguments:

    ! h - head.

    ! p - soil type params.

    REAL(FRK)::R,v1,v2,x

    x=one/(one+exp(p%n*log(h/p%hg)))

    v1=exp(p%m*p%p*log(x))

    v2=one-exp(p%m*log(one-x))

    Kf=p%Kxm*v1*v2**2

    if (h>hmac2) then

      R=Rmac1*(h-hmac2)/(hmac1-hmac2)

      Kf=Kf*exp(R*log(p%Ke/Kf))

    end if

    END FUNCTION Kf

    END SUBROUTINE fitquad

    SUBROUTINE solpar(j,bdj,disj)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::bdj,disj

    ! Set soil solute property parameters.

    ! Definitions of arguments:

    ! j    - soil type no.

    ! bdj  - soil bulk density.

    ! disj - dispersivity.

    if (size(fbd)<j) then

      write (*,*) "solpar: not enough space allocated for solutes"

      stop

    end if

    fbd(j)=bdj

    dis(j)=disj

    isotype(j,:)="no" ! will be changed if required in sub setiso

    END SUBROUTINE solpar

    SUBROUTINE setiso(j,isol,isotypeji,isoparji)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j,isol

    CHARACTER(LEN=2),INTENT(IN)::isotypeji

    REAL(FRK),INTENT(IN)::isoparji(:)

    ! Set soil solute adsorption isotherm and parameters.

    ! Definitions of arguments:

    ! j           - soil type no.

    ! isol        - solute no.

    ! isotypeji   - isotherm code.

    ! isoparji(:) - isotherm params.

    INTEGER::np

    isotype(j,isol)=isotypeji

    np=size(isoparji)

    if (associated(isopar(j,isol)%p)) deallocate(isopar(j,isol)%p)

    if (isotypeji=="Fr") then ! add params to avoid singularity at zero

      allocate(isopar(j,isol)%p(np+2))

      isopar(j,isol)%p=zero

    else

      allocate(isopar(j,isol)%p(np))

    end if

    isopar(j,isol)%p(1:np)=isoparji

    END SUBROUTINE setiso

    FUNCTION Sofh(h,j)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h

    REAL(FRK)::Sofh

    ! Get saturation S from matric head h.

    ! Definitions of arguments:

    ! h   - matric head.

    ! j   - soil type no.

    REAL(FRK)::a1,a2,hr,z

    TYPE(params),POINTER::p

    TYPE(dryparams),POINTER::dp

    if (associated(drypar(j)%p)) then ! check for dry soil wrc

      dp=>drypar(j)%p

      if (h<hjoin) then ! use logarithmic dry soil wrc

        Sofh=dp%Sjoin*log(h/hdry)/drycS

        return ! finished

      end if

    end if

    p=>par(j)

    hr=h/p%hg

    ! get S

    if (hr<p%hr1) then ! quadratic h(S)

      a1=two*p%hr1-(S1-one)*p%hrS1

      a2=p%hr1-a1

      z=two*hr/(a1+sqrt(a1**2+4.0_frk*a2*hr))

      Sofh=one+(S1-one)*z

    else ! vG wrc

      Sofh=exp(-p%m*log(one+exp(p%n*log(hr)))) ! (1+hr**n)**(-m)

    end if

    END FUNCTION Sofh

    FUNCTION weight(j,h,K,phi,dz)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h,K,phi,dz

    REAL(FRK)::weight

    ! Get conductivity weighting for gravity flux calculations.

    ! Definitions of arguments:

    ! j     - soil type no.

    ! h     - matric head.

    ! K     - conductivity.

    ! phi   - MFP.

    ! dz    - flow path length.

    REAL(FRK)::hz,Kz,Khz,phiz,x,a,w

    TYPE(params),POINTER::p

    p=>par(j)

    a=p%n*(p%m*p%p+two) ! vG asymptotic K equiv of BC lambda*eta

    hz=h-gf*dz ! gf is gravity fac in direction of dz

    x=-gf*dz/h

    if (h<p%hpwr.and.(a<=3.0_frk.or.x*(a-3.0_frk)<=4.0_frk)) then

      ! use predetermined approx (ignore dry wrc as w near 0.5 by then)

      w=(60.0_frk+x*(70.0_frk+10.0_frk*a+x*(16.0_frk+a*(5.0_frk+a))))/ &

        (120.0_frk+x*(120.0_frk+x*(22.0_frk+2.0_frk*a**2)))

    else

      call hyofh(hz,j,Kz,Khz,phiz) ! accurate but slower

      w=-((phiz-phi)/(gf*dz)+K)/(Kz-K)

    end if

    weight=min(max(w,zero),one)

    END FUNCTION weight



    END MODULE HPERC2_lib








src/HPURK.f90

      SUBROUTINE HPURK

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER PERCOLATION COMPONENT.  IT MANAGES

!     THE ROUTING PROCESS

      USE PARM

      ADD=0.

      SUM=0.

      TOT=0.

      XX=0.

      CPVV=0.

      QDR(IDO)=0.

      SW(ISA)=0.

      QMM=.1*QVOL(IDO)/WSA(ISA)

      VAR(98,ISA)=FPF(ISA)

      AD1=SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

          SW(ISA)=SW(ISA)+SWST(ISL,ISA)

      END DO

      SEP=MAX(0.,(10.*SALA(ISA)*(RFV(IRF(ISA))-QMM)+RSPK(ISA))/(10.*WSA(ISA))) !seepage volume is the average of rainfall infiltration and reservoir seepage in the subarea.

      SP1=SEP

      LD1=LID(1,ISA)

	  STLT(ISA)=PRMT(51)*RSD(LD1,ISA)

      SWLT(ISA)=SWLT(ISA)+SEP

      IF(SWLT(ISA)>STLT(ISA))THEN

          SEP=SWLT(ISA)-STLT(ISA)

          SWLT(ISA)=STLT(ISA)

      ELSE

          SEP=0.

      END IF

      !Percolation while flooded/dry Jaehak paddy 2016

	  IF(PADDY_STO(1,ISA)>0)THEN

          SEP=.2*PRMT(39)*PADDY_STO(1,ISA) !Total head is referenced at 120mm ponding depth

          IF(SEP>PADDY_STO(1,ISA))SEP=PADDY_STO(1,ISA) 

      ENDIF

      

      !IF(ISA==1)WRITE(*,'(I5,10F8.3)')IDA,SW(ISA)+SEP,SW(ISA),SEP

      

      IF(IPRK==2)THEN

          CALL HPERC2(3)

      ELSE

          DO KK=1,NBSL(ISA)

              ISL=LID(KK,ISA)

              DZ=Z(ISL,ISA)-XX

              XX=Z(ISL,ISA)

              SWST(ISL,ISA)=SWST(ISL,ISA)+SEP

              IF(WTBL(ISA)<=Z(ISL,ISA))THEN

                  SSF(ISL,ISA)=0.

                  PKRZ(ISL)=0.

                  CPFH(ISL,ISA)=0.

                  SEP=0.

				  

									

						 

										

																   

								

										  

				

								 

					 

							 

									 

              ELSE    

                  CPVV=SEP*CPRV(ISL,ISA)

                  X1=SEP-CPVV

                  CPVH(IDO)=X1*CPRH(ISL,ISA)

                  SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-CPVV-CPVH(IDO))

	              !IF(RSAE(ISA)>0.)THEN

	                  !SATX=MAX(1.E-10,RSHC(ISA))

	              !ELSE

								   

					

							  

							   

								   

								   

	                  SATX=SATC(ISL,ISA)

						  

						   

                  !END IF

			

				  

				  

				   

			

						 

						

						 

									  

                  IF(IPRK==0)THEN

                      CALL HPERC(DZ,SATX)

                  ELSE    

                      CALL HPERC1(DZ,SATX)

                  END IF    

                  SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-SEP-SST(IDO)-QRF(IDO))

                  IF(ISL/=IDR(ISA))THEN

                      SUM=SUM+QRF(IDO)

										 

						   

												 

							   

							   

																		

								 

                  ELSE

                      QDR(IDO)=QRF(IDO)

                  END IF

                  ADD=ADD+SST(IDO)

                  TOT=TOT+CPVH(IDO)

                  SSF(ISL,ISA)=SST(IDO)

                  QSF(ISL,ISA)=QRF(IDO)

                  CPFH(ISL,ISA)=CPVH(IDO)

                  SEP=SEP+CPVV

                  PKRZ(ISL)=SEP

              END IF    

          END DO

          SST(IDO)=ADD

          QRF(IDO)=SUM

          CPVH(IDO)=TOT

          L1=LD1

          DO K=NBSL(ISA),2,-1

              ISL=LID(K,ISA)

              L1=LID(K-1,ISA)

              XX=SWST(ISL,ISA)-PO(ISL,ISA)

              IF(XX>0.)THEN

                  SWST(L1,ISA)=SWST(L1,ISA)+XX

                  PKRZ(L1)=MAX(0.,PKRZ(L1)-XX)

                  SWST(ISL,ISA)=PO(ISL,ISA)

              END IF

              XX=SWST(ISL,ISA)-FC(ISL,ISA)

              IF(XX>0.)THEN

                  X1=VGN(L1,ISA)/(VGN(L1,ISA)-1.)

                  X2=SWST(L1,ISA)-S15(L1,ISA)

                  IF(X2>0.)THEN

                      RTO=(PO(L1,ISA)-S15(L1,ISA))/X2

                      X3=RTO**X1-1.

                      IF(X3>0.)THEN

                          T1=(X3/VGA(L1,ISA)**VGN(L1,ISA))**(1./VGN(L1,ISA))

                          T1=T1/10.19

                      ELSE

                          T1=1.

                      END IF

                  ELSE

                      T1=1500.

                  END IF    

                  ZH=10.*(Z(ISL,ISA)-Z(L1,ISA))

	              X1=VGN(ISL,ISA)/(VGN(ISL,ISA)-1.)

                  X2=SWST(ISL,ISA)-S15(ISL,ISA)

                  IF(X2>0.)THEN

                      RTO=(PO(ISL,ISA)-S15(ISL,ISA))/X2

                      X3=RTO**X1-1.

                      IF(X3>0.)THEN

                          T2=(X3/VGA(ISL,ISA)**VGN(ISL,ISA))**(1./VGN(ISL,ISA))

                          T2=T2/10.19

                      ELSE

                          T2=1.

                      END IF

                  ELSE

                      T2=1500.

                  END IF    

                  T2=T2+ZH

                  IF(T1<T2)CYCLE

                  X1=XX*MIN(PRMT(61),(T1-T2)/(T1+T2))

                  SWST(L1,ISA)=SWST(L1,ISA)+X1

                  PKRZ(L1)=PKRZ(L1)-X1

                  SWST(ISL,ISA)=SWST(ISL,ISA)-X1

              END IF    

					  

							

												 

										  

								  

											

          END DO

      END IF

      FPF(ISA)=0.

      AD2=SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

            

      DF=AD1+SP1-SST(IDO)-QRF(IDO)-PKRZ(LID(NBSL(ISA),ISA))-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,SP1,SST(IDO),QRF(IDO),&

      PKRZ(LID(NBSL(ISA),ISA)),DF

      XX=10.*WSA(ISA)

      SST(IDO)=SST(IDO)*XX

      QRF(IDO)=QRF(IDO)*XX

      CPVH(IDO)=CPVH(IDO)*XX

      QDR(IDO)=QDR(IDO)*XX

      SMM(17,MO,ISA)=SMM(17,MO,ISA)+QDR(IDO)

      VAR(17,ISA)=QDR(IDO)

    1 FORMAT(5X,'PURK',3I4,10E13.5)  

      RETURN

      END










src/HQDAV.f90

      SUBROUTINE HQDAV(A,CBW,QQ,SSS,ZCH,ZX,CHW,FPW,IDY)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES FLOW AREA AND DEPTH GIVEN RATE

      USE PARM

      ZX=.5*ZCH 

      DO IT=1,10

          IF(QQ>QCAP(IDY))THEN

              ZX=MAX(ZX,ZCH)

              ZZ=ZX-ZCH

              !COMPUTE CH FLOW ABOVE QCAP

              ACH=CHXA(IDY)+ZZ*RCTW(IDY)

              R=ACH/CHXP(IDY)

              QCH=ACH*R**.66667*RCHX(IDY)

              CHW=RCTW(IDY)

              !COMPUTE FP FLOW

              AFPX=ZZ*(RFPW(IDY)-RCTW(IDY))

              QFP=AFPX*ZZ**.66667*RFPX(IDY)/RFPW(IDY)

              Q=QCH+QFP

              A=ACH+AFPX

              FPW=RFPW(IDY)

              NBCF=1

          ELSE

              X1=ZX*RCSS(IDY)

              A=ZX*(CBW+X1)

              P=CBW+2.*SSS*ZX

              Q=A**1.66667*RCHX(IDY)/P**.66667

              CHW=CBW+2.*X1

              FPW=0.

              NBCX=1     

          END IF

          FU=Q-QQ

          !WRITE(KW(26),2)IT,QQ,Q,ZX,FU

          !2 FORMAT(1X,I4,4E16.6)

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.001)EXIT

          IF(IT==1)THEN

              DFQ=-.1*ZX

          ELSE

              DFDZ=(FU-FU1)/(ZX-ZX1)

              DFQ=FU/DFDZ

          END IF

          FU1=FU

          ZX1=ZX

          ZX=ZX-DFQ

      END DO

      IF(KFL(26)>0.AND.IT>20)WRITE(KW(26),1)IT,ZX,FU,QQ,Q

      RETURN

    1 FORMAT(1X,'QDAV XCONV',I4,4E16.6)

      END






src/HQP.f90

      FUNCTION HQP(X1,CQRB,ITP,INT)

      DIMENSION CQRB(8,17,4)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE 7TH DEGREE POLYNOMIAL RELATING TR55

!     PEAK RATE FACTOR TO TIME OF CONCENTRATION.

      HQP=CQRB(1,INT,ITP)+X1*(CQRB(2,INT,ITP)+X1*(CQRB(3,INT,ITP)+X1*&

      (CQRB(4,INT,ITP)+X1*(CQRB(5,INT,ITP)+X1*(CQRB(6,INT,ITP)+X1*(CQRB(&

      7,INT,ITP)+X1*CQRB(8,INT,ITP)))))))

      RETURN

      END






src/HREXP.f90

      SUBROUTINE HREXP

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL EXPONENTIALLY &

!     FURNISHES THE GREEN & AMPT SUBPROGRAM RAIN INCREMENTS OF EQUAL

!     VOLUME = DRFV

      USE PARM

      DRFV=MIN(5.,.1*RFV(IRF(ISA)))

      RFX=RFV(IRF(ISA))

      PT=DRFV

      RX=0.

      DO WHILE(PT<RTP)

          RX=REP*(1.-(RTP-PT)/XKP1)

          CALL HGASP(DRFV,PT,Q1,RX)

          PT=PT+DRFV

      END DO

      A=RTP-PT+DRFV

      PT=RTP

      RX=REP

      CALL HGASP(A,PT,Q1,RX)

      PT=PT+DRFV

      DO WHILE(PT<RFX)

          RX=REP*(1.-(PT-RTP)/XKP2)

          CALL HGASP(DRFV,PT,Q1,RX)

          PT=PT+DRFV

      END DO

      RX=0.

      A=RFX-PT+DRFV

      PT=RFX

      CALL HGASP(A,PT,Q1,RX)

      RETURN

      END






src/HRFDT.f90

      SUBROUTINE HRFDT

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL EXPONENTIALLY &

!     FURNISHES THE RAINFALL DISTRIBUTION AT TIME INTERVALS DTHY.

      USE PARM

      UPLM=.95

      QMN=.25

      BLM=.05

      R1=ATRI(BLM,QMN,UPLM,10)

      XK1=R1/6.908

      XK2=XK1*(1.-R1)/R1

      DURG=RFV(IRF(ISA))/(REP*(XK1+XK2))

      IF(DURG>24.)THEN

          DURG=24.

          REP=RFV(IRF(ISA))/(24.*(XK1+XK2))

      END IF

      XKP1=XK1*DURG

      XKP2=XK2*DURG

      TP=R1*DURG

      XX1=REP*XKP1

      XX2=REP*XKP2

      T1=0.

	  RFDT(1)=0.

	  I=1

      DO WHILE(T1<DURG)

          I=I+1

          T1=T1+DTHY

          IF(T1<TP)THEN

              RFDT(I)=XX1*EXP((T1-TP)/XKP1)

          ELSE

              RFDT(I)=XX2*(1.-EXP((TP-T1)/XKP2))+XX1

              X1=MIN(1.,T1/DURG)

              RFDT(I)=X1*RFV(IRF(ISA))+(1.-X1)*RFDT(I)

          END IF

      END DO

      NRF=I

      IF(KFL(26)>0)THEN

          IF(RFDT(I)>50.)WRITE(KW(26),8)(RFDT(J),J=1,NRF)

	      WRITE(KW(26),10)RFV(IRF(ISA)),RFDT(I)

      END IF

      RETURN

    8 FORMAT(20X,7F7.2)

   10 FORMAT(5X,'RFV= ',F8.3,' mm',2X,'SUM RF DST= ',F8.3,' mm')

      END






src/HRFDTQ.f90

      SUBROUTINE HRFDTQ

!     APEX1501

!     THIS SUBPROGRAM COMPUTES RAINFALL EXCESS USING THE GREEN & AMPT EQ.

      USE PARM

      X1=RFDT(1)

	  DO I=2,NRF

	      Q1=0.

	   	  X1=RFDT(I)-X1

		  RX=X1/DTHY

		  IF(RX>REP)REP=RX

		  IF(RFDT(I)>0.)CALL HGAWY(X1,RFDT(I),Q1,RX)

		  QGA(I)=Q1

		  X1=RFDT(I)

	  END DO

	  RETURN

      END






src/HRFDTS.f90

      SUBROUTINE HRFDTS

      ! THIS SUBPROGRAM GENERATES RAINFALL DISTRIBUTIONS AT DTHY TIME 

      ! INTERVALS USING AN S CURVE

      USE PARM

      T1=0.

      DTX=DTHY/.12

      X1=RFV(IRF(ISA))

      I=1

      DO 

          T1=T1+DTX

          IF(SCLM(26)>0.)T1=MIN(T1,SCLM(26))

          RFF=T1/(T1+EXP(SCRP(26,1)-SCRP(26,2)*T1))

          I=I+1

          RFDT(I)=X1*RFF

          IF(T1>100.)EXIT

      END DO

      NRF=I     

      RTO=X1/RFDT(NRF)

      DO J=1,NRF

          RFDT(J)=RFDT(J)*RTO

      END DO

      RETURN

      END






src/HRFEI.f90

      SUBROUTINE HRFEI

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE USLE RAINFALL ENERGY FACTOR, GIVEN

!     DAILY RAINFALL.

      USE PARM

      IF(ITYP==0)THEN

          AJP=1.-EXP(-125./(RFV(IRF(ISA))+5.))

          AL5=ATRI(ALMN,WI(IWI,MO),AJP,4)

      ELSE

          AL5=WI(IWI,MO)

      END IF

      PRFF=-2.*LOG(1.-AL5)

      RFI5=2.*RFV(IRF(ISA))*AL5+.001

      IF(REP<1.E-5)REP=PRFF*RFV(IRF(ISA))+.001

      DUR=MIN(24.,4.605/PRFF)

      EI=MAX(0.,RFV(IRF(ISA))*(12.1+8.9*(LOG10(REP)-.4343))*RFI5/1000.)

      RETURN

      END






src/HRFIN.f90

      SUBROUTINE HRFIN

!     APEX1501

!     THIS SUBPROGRAM READS RAINFALL AT TIME INTERVAL DTHY.

      USE PARM

      I=1 

      RFDT(1)=0.

      IDTX=IYR*10000+MO*100+KDA

      DO

	      I=I+1

	   	  READ(KR(30),104,IOSTAT=NFL)IYZ,MOZ,IDZ,THZ,RFDT(I)

	   	  IF(NFL/=0)EXIT

	   	  IDTZ=IYZ*10000+MOZ*100+IDZ

		  IF(IDTX<IDTZ)THEN

		      BACKSPACE(KR(30))

		      EXIT

		  END IF    

      END DO

	  NRF=I-1

	  RETURN

  104 FORMAT(3I4,2F10.0)

	  END






src/HRUNF.f90

      SUBROUTINE HRUNF

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL UNIFORMLY &

!     FURNISHES THE GREEN & AMPT SUBPROGRAM RAIN INCREMENTS OF EQUAL

!     VOLUME = DRFV

      USE PARM

      DATA DRFV/5./

      PT=0.

      DO WHILE(PT<RFV(IRF(ISA)))

          PT=PT+DRFV

          CALL HGASP(DRFV,PT,Q1,REP)

      END DO

      A=RFV(IRF(ISA))-PT+DRFV

      PT=RFV(IRF(ISA))

      CALL HGASP(A,PT,Q1,REP)

      RETURN

      END






src/HSGCN.f90

      SUBROUTINE HSGCN

!     APEX1501

!     THIS SUBPROGRAM CONTAINS THE SCS HYDROLOGIC SOIL GROUP-CURVE

!     NUMBER TABLE.

      USE PARM

      DIMENSION CNX(35,4)

      DATA CNX/77.,72.,67.,70.,65.,66.,62.,65.,63.,63.,61.,61.,59.,66.,&

      58.,64.,55.,63.,51.,68.,49.,39.,47.,25.,6.,30.,45.,36.,25.,59.,72.&

      ,74.,43.,39.,99.5,86.,81.,78.,79.,75.,74.,71.,76.,75.,74.,73.,72.,&

      70.,77.,72.,75.,69.,73.,67.,79.,69.,61.,67.,59.,35.,58.,66.,60.,55.,&

      74.,82.,84.,65.,61.,99.5,91.,88.,85.,84.,82.,80.,78.,84.,83.,82.,81.,&

      79.,78.,85.,81.,83.,78.,80.,76.,86.,79.,74.,81.,75.,70.,71.,77.,73.,&

      70.,82.,87.,90.,77.,74.,99.5,94.,91.,89.,88.,86.,82.,81.,88.,87.,85.,&

      84.,82.,81.,89.,85.,85.,83.,83.,80.,89.,84.,80.,88.,83.,79.,78.,83.,&

      79.,77.,86.,89.,92.,82.,80.,99.5/

      CN2(ISA)=CNX(LUN(ISA),ISG(ISA))

      RETURN

      END






src/HSNOM.f90

      SUBROUTINE HSNOM

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY SNOW MELT WHEN THE AVERAGE AIR

!     TEMPERATURE EXCEEDS 0 DEGREES C.

      USE PARM

      X2=MIN(DST0(ISA),STMP(LID(2,ISA),ISA))

      X1=SQRT(TMX(IRF(ISA))*SRAD(IRF(ISA)))

      SNPKT=.3333*(2.*X2+TX)

      X3=TSNO(ISA)

      IF(SCLM(16)>0.)X3=MIN(X3,SCLM(16))

      F=X3/(X3+EXP(SCRP(16,1)-SCRP(16,2)*X3))

      SML=MAX(0.,X1*(1.52+.54*F*SNPKT))

      SML=MIN(SML,SNO(ISA))

      SNO(ISA)=SNO(ISA)-SML

      REP=MAX(1.,.042*SML)

      PRFF=.042

      DUR=24.

      RETURN

      END






src/HSWBL.f90

      SUBROUTINE HSWBL(P,WYI,WYO,SSTI,SSTO,ETSA,EVRT,EVRS,DPK,RG,RGDL,&

      QWT,RBK,RSIR,WLIR,GWTR,BSNO,FSNO,BSW,FSW,BRSV,FRSV,BGWS,FGWS,FSWL,&

      ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE SUBAREA SOIL WATER BALANCE AT THE END

!     OF A SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=BSW+BSNO+BRSV+BGWS+P+WYI-WYO+SSTI-SSTO-ETSA-EVRT-EVRS-DPK+RG-&

      RGDL+QWT+RBK-RSIR-WLIR+GWTR-FSW-FSNO-FRSV-FGWS-FSWL 

      X1=.5*(BSNO+FSNO+BSW+FSW+BRSV+FRSV+BGWS+FGWS)

      X2=.5*(WYI+WYO)

      PER=100.*DF/MAX(X1,X2)

	  WRITE(KW(1),2)ISA,NBSA(ISA) 

      WRITE(KW(1),3)PER,DF,BSW,BSNO,BRSV,BGWS,P,WYI,WYO,SSTI,SSTO,&

      ETSA,EVRT,EVRS,DPK,RG,RGDL,QWT,RBK,RSIR,WLIR,GWTR,FSW,FSNO,&

      FRSV,FGWS,FSWL

      IF(ABS(PER)>1.)WRITE(KW(36),2)ISA,NBSA(ISA),PER

      RETURN

    2 FORMAT(/T10,'SOIL WATER BALANCE(m3)',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,'BSNO=',&

      E13.6,2X,'BRSV=',E13.6,2X,'BGWS=',E13.6/5X,'PCP =',E13.6,2X,'WYLI=',&

      E13.6,2X,'WYLO=',E13.6,2X,'SSTI=',E13.6,2X,'SSTO=',E13.6,2X,'ETSA=',&

      E13.6/5X,'EVRT=',E13.6,2X,'EVRS=',E13.6,2X,'DPRK=',E13.6,2X,'IRG =',&

      E13.6,2X,'IRDL=',E13.6,2X,'QIN =',E13.6/5X,'RBK =',E13.6,2X,'RSIR=',&

      E13.6,2X,'WLIR=',E13.6,2X,'GWTR=',E13.6,2X,'FSW =',E13.6,2X,'FSNO=',&

      E13.6/5X,'FRSV=',E13.6,2X,'FGWS=',E13.6,2X,'FSWL=',E13.6)

      END






src/HSWBLD.f90

      SUBROUTINE HSWBLD(P,QSA,WYI,WYO,SSTI,SSTO,ETSA,EVRT,EVRS,PKRZ,DPK,&

      RSSF,RG,XEF,QWT,RBK,RSIR,WLIR,GWTR,BSNO,FSNO,BSW,FSW,BRSV,FRSV,&

      BGWS,FGWS,FSWL,BSALA,FSALA,ISA,NBSAX,IY,MO,KDA,KWX)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE SOIL WATER BALANCE AT THE END OF A

!     SIMULATION.

      DATA AD1/0./

      DF=BSW+BSNO+BRSV+BGWS+P+WYI-WYO+SSTI-SSTO-ETSA-EVRT-EVRS-DPK+RG-&

      XEF+QWT+RBK-RSIR-WLIR+GWTR-FSW-FSNO-FRSV-FGWS-FSWL

      AD1=AD1+DF

	  IF(ABS(DF)>.001)THEN

	      WRITE(KWX,2)ISA,NBSAX,IY,MO,KDA

          WRITE(KWX,3)DF,BSW,BSNO,BRSV,BGWS,P,QSA,WYI,WYO,SSTI,SSTO,&

          ETSA,EVRS,PKRZ,DPK,RSSF,RG,XEF,QWT,RBK,RSIR,WLIR,GWTR,FSW,&

          FSNO,FRSV,FGWS,BSALA,FSALA,AD1

      END IF

      RETURN

    2 FORMAT(/T10,'SOIL WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8,2X,3I4)

    3 FORMAT(5X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,'BSNO=',E13.6,2X,'BRSV=',&

      E13.6,2X,'BGWS=',E13.6,2X,'PCP =',E13.6/5X,'QSA =',E13.6,2X,'WYLI=',&

      E13.6,2X,'WYLO=',E13.6,2X,'SSTI=',E13.6,2X,'SSTO=',E13.6,2X,'ETSA=',&

      E13.6/5X,'EVRS=',E13.6,2X,'PKRZ=',E13.6,2X,'DPRK=',E13.6,2X,'RSSF=',&

      E13.6,2X,'IRG =',E13.6,2X,'IREF=',E13.6/5X,'QIN =',E13.6,2X,'RBK =',&

      E13.6,2X,'RSIR=',E13.6,2X,'WLIR=',E13.6,2X,'GWTR=',E13.6,2X,'FSW =',&

      E13.6/5X,'FSNO=',E13.6,2X,'FRSV=',E13.6,2X,'FGWS=',E13.6,2X,'BSAL=',&

      E13.6,2X,'FSAL=',E13.6,2X,'ERSM=',E13.6)

      END






src/HSWU.f90

      SUBROUTINE HSWU(CPWU,RGS)

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES PLANT EVAPORATION THROUGH THE ROOT

!     ZONE AND CALCULATES ACTUAL PLANT WATER USE BASED ON SOIL WATER

!     AVAILABILITY.

      USE PARM

      BLM=S15(ISL,ISA)

      IF(Z(ISL,ISA)<=.5)BLM=PRMT(5)*S15(ISL,ISA)

      IF(ISL/=LID(1,ISA))THEN

          CALL CRGBD(RGS)

          CPWU=CPWU*RGS

      END IF

      SUM=EP(JJK)*(1.-EXP(-UB1(ISA)*GX/RD(JJK,ISA)))/UOB(ISA)

      TOS=36.*ECND(ISL,ISA)

      XX=LOG10(S15(ISL,ISA))

      X1=3.1761-1.6576*(LOG10(SWST(ISL,ISA))-XX)/(LOG10(FC(ISL,ISA))-XX)

      IF(X1<4.)THEN

          WTN=MAX(5.,10.**X1)

          XX=TOS+WTN

          IF(XX<5000.)THEN

              IF(SCLM(22)>0.)XX=MIN(XX,SCLM(22))

              F=1.-XX/(XX+EXP(SCRP(22,1)-SCRP(22,2)*XX))

              UW(ISL)=MIN(SUM-CPWU*AEP(JJK)-(1.-CPWU)*UX,SWST(ISL,ISA)-BLM)*F*RGS

              UW(ISL)=MAX(0.,UW(ISL))*SALF

          END IF    

      END IF

      UX=SUM

      RETURN

      END






src/HTR55.f90

      SUBROUTINE HTR55

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES PEAK RUNOFF RATES USING THE SCS TR55

!     EXTENDED METHOD.

      USE PARM

      DIMENSION PIAF(18)

      DATA PIAF/.0,.1,.2,.3,.35,.4,.45,.5,.55,.6,.65,.7,.75,.8,.85,.9,.95,1./

      IF(QRB>.35)THEN

          XOX=(QRB-.35)/.05+5.

      ELSE

          XOX=QRB/.1+1.

      END IF

      INT=XOX

      INT1=INT+1

      RTO=(QRB-PIAF(INT))/(PIAF(INT1)-PIAF(INT))

      X1=LOG(TC(IDO))

      Y1=HQP(X1,CQRB,ITYP,INT)

      IF(INT>=17)THEN

          Y=EXP(Y1)*(1.0-RTO)

      ELSE

          Y2=HQP(X1,CQRB,ITYP,INT1)

          Y=Y1+(Y2-Y1)*RTO

          Y=EXP(Y)

      END IF

      RQRB(IDO)=Y*RFV(IRF(ISA))

      RETURN

      END






src/HUSE.f90

      SUBROUTINE HUSE

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER WATER AND NUTRIENT USE SUBROUTINE.

!     CALLS HSWU AND NUPPO FOR EACH SOIL LAYER.

      USE PARM

      LRD(ISA)=0

      L1=0

      UX=0.

      SEP=0.

      SUM=0.

      TOT=0.

      CPWU=1.

      RGS=1.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          SUM=SUM+SWST(ISL,ISA)-FC(ISL,ISA)

          TOT=TOT+PO(ISL,ISA)-FC(ISL,ISA)

          SEP=Z(ISL,ISA)

          IF(L1>0)CYCLE

          IF(RD(JJK,ISA)>Z(ISL,ISA))THEN

              GX=Z(ISL,ISA)

          ELSE

              GX=RD(JJK,ISA)

              LRD(ISA)=MAX(LRD(ISA),J)

              L1=J

          END IF

          CALL HSWU(CPWU,RGS)

          AEP(JJK)=AEP(JJK)+UW(ISL)

      END DO 

      IF(LRD(ISA)==0)LRD(ISA)=NBSL(ISA)

      RTO=MIN(1.,SUM/TOT)

      F=100.*(RTO-CAF(JJK))/(1.0001-CAF(JJK))

      IF(F>0.)THEN

          IF(SCLM(7)>0.)F=MIN(F,SCLM(7))

          SAT=1.-F/(F+EXP(SCRP(7,1)-SCRP(7,2)*F))

      ELSE

          SAT=1.

      END IF

      RETURN

      END






src/HVOLQ.f90

      SUBROUTINE HVOLQ(IVR)

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY RUNOFF VOLUME AND PEAK RUNOFF RATE

!     GIVEN DAILY PRECIPITATION AND SNOW MELT.

      USE PARM

      REAL::WEIRL,PONDINGH,PADDYQ

      

      !Subarea's drainage area is determined based on reservoir's water surface area. Jaehak 2023

      WSAX1=10.*SALA(ISA)

      IF (WSAX1<0.0001)THEN

        !The entire subarea is flooded and no surface flow occurs.

        QVOL(IDO)=0

        QURB(IDO)=0

        QPR(IDO)=0

        RETURN

      ENDIF

      

      IF(IVR==0)THEN

          LD1=LID(1,ISA)

          IF(LUN(ISA)==35)THEN

              SCN=25400./CN0(ISA)-254.

              CN=CN0(ISA)

          ELSE

              SUM=0.

              ADD=0.

              IJ=NVCN(ISA)

              SELECT CASE(IJ)

                  CASE(0)

                      XX=0.

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                          ZZ=(Z(ISL,ISA)-XX)/Z(ISL,ISA)

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*ZZ/(FC(ISL,ISA)-S15(ISL,ISA))

                          ADD=ADD+ZZ

                          XX=Z(ISL,ISA)

                      END DO

                      IF(JJ<=NBSL(ISA))THEN 

                          ZZ=1.-XX

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*ZZ/(FC(ISL,ISA)-S15(ISL,ISA))

                          ADD=ADD+ZZ

                      END IF

                      SUM=SUM/ADD

                      IF(SUM>0.)THEN

                          SUM=100.*SUM

                          IF(SUM<1000.)THEN

                              IF(SCLM(30)>0.)SUM=MIN(SUM,SCLM(30))

                              SCN=SMX(ISA)*(1.-SUM/(SUM+EXP(CNSC(1,ISA)-CNSC(2,ISA)*SUM)))

                          ELSE

                              SCN=3.

                          END IF

                      ELSE   

                          SCN=SMX(ISA)*(1.-SUM)**2

                      END IF

                      SCN=SCNX(ISA)*SCN   

                  CASE(1)                           

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

                          ADD=ADD+FC(ISL,ISA)-S15(ISL,ISA)

                          L1=ISL

                      END DO

                      IF(JJ<=NBSL(ISA))THEN

                          RTO=(1.-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*RTO

                          ADD=ADD+(FC(ISL,ISA)-S15(ISL,ISA))*RTO 

                      END IF

                      SUM=SUM/ADD

                      IF(SUM>0.)THEN

                          SUM=100.*SUM

                          IF(SUM<1000.)THEN

                              SCN=SMX(ISA)*(1.-SUM/(SUM+EXP(CNSC(1,ISA)-CNSC(2,ISA)*SUM)))

                          ELSE

                              SCN=3.

                          END IF

                      ELSE   

                          SCN=SMX(ISA)*(1.-SUM)**2

                      END IF

                      SCN=SCNX(ISA)*SCN   

                  CASE(2)

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

                          ADD=ADD+FC(ISL,ISA)-S15(ISL,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                      END DO

                      SUM=SUM/ADD

                      IF(SUM<0.)THEN

                          SCN=SMX(ISA)*(1.-SUM)**2

                      ELSE    

                          RTO=MIN(.98,SUM)

                          SCN=SMX(ISA)*(1.-RTO)

                      END IF    

                  CASE(3)

                      SCN=25400./CN0(ISA)-254.

                      CN=CN0(ISA)     

                  CASE(4)

                      SCN=SCI(ISA)

              END SELECT

              IF(IJ/=3)THEN        

                  X1=PRMT(15)*(.01-RSD(LD1,ISA))

                  IF(X1>-10.)THEN

                      SCN=MAX(3.,(SCN-SMX(ISA))*EXP(X1)+SMX(ISA))  

                  ELSE

                      SCN=SMX(ISA)

                  END IF

                  IF(STMP(LID(2,ISA),ISA)<-1.)THEN

                      SCN=SCN*PRMT(22)

                  ELSE

                      IF(RFV(IRF(ISA))>0.)SCN=SCN*EXP(PRMT(25)*(.2-AL5))

	              END IF

                  CN=25400./(SCN+254.)

                  IF(ISCN==0)THEN

                      UPLM=MIN(99.5,CN+5.)

                      BLM=MAX(1.,CN-5.)

                      CN=ATRI(BLM,CN,UPLM,8)

                  END IF

                  SCN=25400./CN-254.

                  IF(SCN<3.)THEN

                      SCN=3.

                      CN=25400./(SCN+254.)

                  END IF    

              END IF

          END IF

          SCN2=PRMT(20)*SCN    

          TOT=100.

          DO I=1,9

              TOT=TOT-5.

              IF(CN>TOT)EXIT

          END DO

          CNDS(I,ISA)=CNDS(I,ISA)+1.

          IF(RFV(IRF(ISA))>0.)THEN

              SELECT CASE(INFL)

	              CASE(0)

	                  X1=RFV(IRF(ISA))-SCN2

                      IF(X1>0.)THEN

                          QVOL(IDO)=X1*X1/(RFV(IRF(ISA))+(1.-PRMT(20))*SCN)

                      ELSE

                          QVOL(IDO)=0.

                      END IF        

	              CASE(1,2)

	                  CALL HREXP

	              CASE(3)

	                  CALL HRUNF

                  CASE(4)

                      CALL HRFDTQ

              END SELECT

          END IF    

      ELSE

          QVOL(IDO)=EFI(ISA)*RFV(IRF(ISA))

      END IF

      IF(IFD(ISA)>0)THEN

          IF(DHT(ISA)>.1)THEN

              CALL HFURD

              X1=DVOL-MAX(0.,SWST(LD1,ISA)-PO(LD1,ISA))

              IF(QVOL(IDO)<X1)THEN

                  QVOL(IDO)=0.

                  IF(DHT(ISA)/DKHL(ISA)<.7)DHT(ISA)=DKHL(ISA)

              ELSE

                  DHT(ISA)=0.

                  IF(IDRL(ISA)==0.AND.CPHT(JJK,ISA)<1.)DHT(ISA)=DKHL(ISA)   

              END IF

              IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),17)ISA,NBSA(ISA),IYR,&

              MO,KDA,DHT(ISA),RHTT(ISA),QVOL(IDO),DVOL,X1,XHSM(ISA)

          END IF

      END IF

      !Paddy field water storage Jaehak jeong 2014

      IF(PADDY_HWEIR(ISA)>0)THEN 

          QVOL(IDO)=0.

          !PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+RFV(IRF(ISA)) !mm

          !PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+(RFQN(ISA)+QN(ISA))/WSA(ISA) !minN kg/ha

          IF(PADDY_STO(1,ISA)>PADDY_HWEIR(ISA))THEN

              DO I=1,96

                  PONDINGH=(PADDY_STO(1,ISA)-PADDY_HWEIR(ISA))/1000.

                  IF(PONDINGH<=0.)EXIT

                  PADDYQ=1.84*PADDY_LWEIR(ISA)*PONDINGH**2.6

                  PADDYQ=900.*PADDYQ/WSAX1

                  QVOL(IDO)=QVOL(IDO)+PADDYQ

                  PADDY_STO(1,ISA)=PADDY_STO(1,ISA)-PADDYQ

              END DO    

          ELSE

              QVOL(IDO)=0.

          END IF

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),17)ISA,NBSA(ISA),IYR,&

          MO,KDA,DHT(ISA),RHTT(ISA),QVOL(IDO),DVOL,X1,XHSM(ISA)

      ELSE

          IF(PADDY_STO(1,ISA)>0)THEN

              QVOL(IDO)=QVOL(IDO)+PADDY_STO(1,ISA)+RFV(IRF(ISA))

              PADDY_STO(1,ISA)=0.

          END IF

      END IF

      !Urban impervious cover

      IF(URBF(ISA)>0.)THEN

          X1=RFV(IRF(ISA))-2.67

          IF(X1>0.)QURB(IDO)=X1*X1/(RFV(IRF(ISA))+10.69)

          QVOL(IDO)=QVOL(IDO)*(1.-URBF(ISA))+QURB(IDO)*URBF(ISA)

      END IF

      IF(RFV(IRF(ISA))>0.)THEN

          !X2=QVOL(IDO)/DUR

          !IF(X2>1.)THEN

              !X2=X2**.25

          !ELSE

              X2=1.

          !END IF

          X4=MIN(SPLG(ISA)/360.,TCS(ISA)/X2)

          TC(IDO)=X4+TCC(ISA)/X2

          SELECT CASE(ITYP)

              CASE(1,2,3,4)

                  TC(IDO)=TCC(ISA)+TCS(ISA)/SQRT(RFV(IRF(ISA)))

                  QRB=MIN(.95,SCN2/RFV(IRF(ISA)))

                  CALL HTR55

                  ALTC=MAX(ALMN,1.-EXP(-TC(IDO)*PRFF))

                  X1=ALTC*QVOL(IDO)

              CASE(0,-1)

                  ALTC=MAX(ALMN,1.-EXP(-TC(IDO)*PRFF))

                  X1=ALTC*QVOL(IDO)

                  RQRB(IDO)=X1/TC(IDO)

              CASE(5)

                  RTO=QVOL(IDO)/RFV(IRF(ISA))

                  DURE=DUR*RTO

                  !TPK=.1*DURE+TC(IDO)

                  TPK=TC(IDO)

                  !QPQX=MAX(.03,MIN(.5417*RTO-.0042,.465))

                  RTO=10.*RTO

                  QPQX=RTO/(RTO+EXP(SCRP(30,1)-SCRP(30,2)*RTO))

                  !RQRB(IDO)=2.*QPQX*QVOL(IDO)/TPK

                  RQRB(IDO)=MIN(.9*REP,2.*QPQX*QVOL(IDO)/TPK)

                  X1=.75*QVOL(IDO)

          END SELECT        

          QPR(IDO)=X1/X4

          IF(DALG(ISA)>0.)QVOL(IDO)=QVOL(IDO)*(X1-DALG(ISA))/X1

          IF(LUN(ISA)==35)ES=RFV(IRF(ISA))-QVOL(IDO)

      ELSE

          ES=0.

      END IF

      QVOL(IDO)=WSAX1*QVOL(IDO)

      QURB(IDO)=WSAX1*QURB(IDO)

      IF(NVCN(ISA)/=4)SCI(ISA)=SCN

      RETURN

   17 FORMAT(1X,2I8,1X,3I4,12X,'DHT= ',F6.0,'mm',2X,'RHTT= ',F6.0,&

      'mm',2X,'Q= ',F6.1,'mm',2X,'DV= ',F7.1,'mm',2X,'ADV= ',F7.1,'mm',&

      2X,'HUSC = ',F5.2)

      END






src/HWTBL.f90

      SUBROUTINE HWTBL

!     APEX1501

!     THIS SUBPROGRAM SIMULATES WATER TABLE DYNAMICS AS A FUNCTION

!     OF RAIN AND EVAP.

      USE PARM

!     RTO=100.*GWST(ISA)/GWMX(ISA)

!     WTBL(ISA)=WTMX(ISA)+(WTMN(ISA)-WTMX(ISA))*RTO/(RTO+EXP(SCRP(26,1)-&

!     SCRP(26,2)*RTO))

      RTO=(SMRF(ISA)-SMEO(ISA))/SMEO(ISA)

      IF(RTO>0.)THEN

          XX=WTMN(ISA)

          X1=1.

      ELSE

          XX=WTMX(ISA)

          X1=PRMT(87)*(REAL(IDA)/REAL(ND))**PRMT(89)

      END IF

      X2=MIN(PRMT(88),ABS(RTO)*X1)

      WTBL(ISA)=(WTBL(ISA)-(WTBL(ISA)-XX)*X2)

      SUM=0.

      TOT=0.

      IF(WTBL(ISA)<=Z(LID(NBSL(ISA),ISA),ISA))THEN

          XX=0.

          NN=0

          DO K=1,NBSL(ISA)

              ISL=LID(K,ISA)

              SUM=SUM+SWST(ISL,ISA)

              IF(WTBL(ISA)<=Z(ISL,ISA))THEN

                  IF(NN>0)THEN

                      SWST(ISL,ISA)=PO(ISL,ISA)

                  ELSE

                      NN=1

                      SWST(ISL,ISA)=(SWST(ISL,ISA)*(WTBL(ISA)-XX)+PO(ISL,ISA)*&

                      (Z(ISL,ISA)-WTBL(ISA)))/(Z(ISL,ISA)-XX)

                  END IF

              END IF

              TOT=TOT+SWST(ISL,ISA)

              XX=Z(ISL,ISA)

          END DO

      END IF

      XX=TOT-SUM

      QIN(MO,ISA)=QIN(MO,ISA)+XX

      XX=10.*XX*WSA(ISA)

      SMM(19,MO,ISA)=SMM(19,MO,ISA)+XX

      VAR(19,ISA)=XX

      RETURN

      END






src/HYDUNT.f90

      SUBROUTINE HYDUNT                                                              

!     THIS SUBPROGRAM DEVELOPS A UNIT HYDROGRAPH,CONVERTS MASS RAINFALL              

!     TO POINT RUNOFF,AND COMPUTES STORM HYDROGRAPHS BY SUMMATION.

      USE PARM

      DIMENSION CFS(MHP),QMS(MHP),QVX(MHP)

      CMM=WSA(ISA)/(DTHY*360.)

      IWH=0

      QI=QVOL(IDO)

      IF(QVOL(IDO)>QTH)IWH=1

      XLDW=100.*CHL(ISA)**2/WSA(ISA)                                                                                 

      !XK=.00282*WSA(ISA)**.325*CHS(ISA)**(-.729)*XLDW**.296                                

      !TPU=.0158*WSA(ISA)**.351*CHS(ISA)**(-.353)*XLDW**.45 

      XK=7.

      TPU=10.

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),7)IY,MO,KDA,IDO,ISA,NBSA(ISA),WSA(ISA),CN,&

          QVOL(IDO),TC(IDO),XK,TPU

      END IF

      QVX=0.

      QMS=0.

      XX=0.

      BRFX=0.

      TOT=0.

      T1=0. 

      DO I=2,NRF

          T1=T1+DTHY

          IF(INFL==4)THEN

              QVX(I)=QGA(I)

          ELSE

              X1=RFDT(I)-SCN2

              IF(X1>0.)THEN

                  QV=X1*X1/(RFDT(I)+.8*SCN)

              ELSE

                  QV=0.

              END IF

              QVX(I)=QV-XX

              XX=QV

          END IF

          BRFX=MAX(QVX(I),BRFX)

          TOT=TOT+QVX(I)

          QGA(I)=0.

      END DO                               

      BRFX=BRFX*CMM

      ! COMPUTE N BY ITERATION.

      XKTP=XK/TPU                                                                    

      XN=5.                                                                          

      DO I=1,20                                                                    

          XNM=XN-1.                                                                      

          T=1.+SQRT(1./XNM)                                                              

          TN=T**XNM                                                                      

          EE=EXP(-XNM*(T-1.))                                                            

          FU=EE*(XNM*(T**(XN-2.)-TN)+TN/XKTP)                                            

          IF(ABS(FU)<1.E-4)EXIT                                                    

          IF(I>1)THEN

              DFDN=(FU-FU1)/(XN-XN1)                                                         

              DXN=FU/DFDN                                                                    

              ADX=ABS(DXN)                                                                   

              IF(ADX>.5*XNM)DXN=.5*XNM*ADX/DXN                                            

          ELSE                                                             

              DXN=-.1                                                                        

          END IF

          FU1=FU                                                                         

          XN1=XN                                                                         

          XN=XN-DXN

      END DO

      IF(KFL(26)>0.AND.I>20)WRITE(KW(26),'(T2,A)')'N DID NOT CONVERGE'                                                                                                                        

      !     DETERMINE C1. 

      TINF=T

      DELT=T/50.                                                                 

      TC1=0.                                                                         

      SUM=0.

      DO I=2,51 

          TC1=TC1+DELT                                                                   

          X1=(TC1**XNM)*EXP(XNM*(1.-TC1))

          SUM=SUM+X1

      END DO 

      SUM=SUM-X1/2.                                                                

      C1=SUM*DELT

      CFSII=X1                                                                  

      TTINF=TINF*TPU                                                                 

      TREC1=TTINF+2.*XK                                                              

      EEE=EXP((TTINF-TREC1)/XK)                                                      

      XK1=XK                                                                     

      ! COMPUTE B,QPK,AND CFSI.                                                         

      B=360.*(C1+CFSII*(XKTP*(1.-EEE)+EEE*(XK1/TPU)))                                                                                                     

      QPK=WSA(ISA)/(B*TPU)

      CFSI=QPK*X1                                                                

      CFSR1=CFSI*EEE                                                                                                                               

      SUM=0.                                                                         

!     COMPUTE UNIT HYDROGRAPH.                                                       

      T2=0.                                                                          

      CFS(1)=0.

      DO I=2,MHP 

          T2=T2+DTHY

          IF(T2<=TTINF)THEN

              CFS(I)=QPK*((T2/TPU)**XNM)*EXP(XNM *( 1.-T2/TPU))                               

          ELSE                  

              IF(T2<=TREC1)THEN

                  CFS(I)=CFSI*EXP((TTINF-T2)/XK)                                                 

              ELSE

                  CFS(I)=CFSR1*EXP((TREC1-T2)/XK1)                                               

                  IF(CFS(I)<=.0001)EXIT

              END IF

          END IF                                                                              

          SUM=SUM+CFS(I)

      END DO

      ICND=I                                                                         

      SUM=SUM/CMM

      IF(KFL(26)>0)THEN

          WRITE(KW(26),30)XK,TPU,XN,QPK,SUM,TOT,BRFX                              

          WRITE(KW(26),9)

      END IF    

!     COMPUTE STORM HYDROGRAPH.                                                      

      DO J=2,NRF                                                                  

          N=MIN(MHP,J+ICND-2)                                                                     

          I=2                                                                            

          DO K=J,N                                                                    

              QMS(K)=QMS(K)+QVX(J)*CFS(I)                                           

              I=I+1

          END DO

      END DO                                                                          

      NHY(IDO)=N

      QPK=0.

      TPK=0.

      T1=0.

      SUM=0.

      I=0

      DO K=1,NPD

          I=I+1

          CFS(I)=QHY(K,IDO,IHX(1))

          QHY(K,IDO,IHX(1))=QHY(K,IDO,IHX(1))+QMS(I)

          SUM=SUM+QHY(K,IDO,IHX(1))

          IF(QHY(K,IDO,IHX(1))>QPK)THEN

              QPK=QHY(K,IDO,IHX(1))

              TPK=T1

          END IF

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)T1,RFDT(I),QVX(I),QMS(I),&

          CFS(I),QHY(K,IDO,IHX(1))

          T1=T1+DTHY

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMM

	  HYDV(IDO)=SUM

	  IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDO,ISA,NBSA(ISA),QI,SUM,&

      QPK,TPK

      RQRB(IDO)=QPK*360./WSA(ISA)

      !NQRB(IDO)=NQRB(IDO)+1

      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !PRSD(ISA)=PRSD(ISA)+RQRB(IDO)*RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !X1=RQRB(IDO)/QI

      !IF(X1>QRQB(ISA))QRQB(ISA)=X1

      !QRBQ(ISA)=QRBQ(ISA)+X1

      TCAV(IDO)=TCAV(IDO)+TC(IDO)

      IF(TC(IDO)<TCMX(IDO))THEN

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      ELSE

          TCMX(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          T1=T1-DTHY

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QHY(K,IDO,IHX(J))+QMS(I)

              IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)T1,RFDT(I),QVX(I),QHY(K,IDO,IHX(J))

              T1=T1+DTHY

          END DO

          IF(I>NHY(IDO))EXIT

	  END DO

      IF(SUM<.01)NHY(IDO)=0

            IF(INFL/=4)NRF=0

      RETURN

    6 FORMAT(6X,3F10.2,3E13.5)  

    7 FORMAT(//T10,'COMPUTE HYD'/T10,'DATE(Y-M-D)=',3I4,2X,'IDO= ',I8&

      ,2X,'ISA= ',I8,2X,'IDSA= ',I8/T10,'WSA= ',F12.1,' ha',2X,'CN= ',&

      F5.1,2X,'QVOL= ',F7.3,' mm',2X,'TC= ',F5.2,' h',2X,'XK= ',F7.3,&

      ' h',2X,'TPU= ',F7.3,' h')

    8 FORMAT(5X,'IDO= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'QVOL=',F8.3,&

      ' mm',2X,'HYD VOL= ',F8.3,' mm'/5X,'PEAK RATE= ',E13.5,' m3/s',2X,&

      'TP= ',F7.2,' h')

    9 FORMAT(//11X,'Th',9X,'RFmm',6X,'QVmm',5X,'DFLOm3/s',6X,'PFLOm3/s',&

      6X,'TFLOm3/s')  

   30 FORMAT(T10,'K=',F7.3,' h'/T10,'TP=',F7.3,' h'/T10,'SHAPE CONSTANT,N=',&

      F6.3/T10,'UNIT PEAK=',F10.3,' m3/s'/T10,'UNIT VOLUME=',F6.3,' mm'/T10,&

      'RF EXCESS'/T15,'VOL=',F7.2,' mm'/T15,'QPK=',F10.1,' m3/s'/)                        

      END          






src/ICECALC.f90

      SUBROUTINE ICECALC(IFW)
      ! APEX1501
      ! CORRECT VOLWC FOR FREEZING WHEN TEMPERATURE IS BELOW 0C.  ICE
      ! FRACTION IS ASSUMED TO BE A LINEAR RAMP BETWEEN 0C AND -8C.  WE
      ! SET A FLOOR OF 1.0E-8 ON THE RESIDUAL WATER FRACTION IN ORDER TO
      ! PREVENT DIVIDE-BY-ZERO PROBLEMS AND TO ENSURE THAT THIS FUNCTION
      ! IS INVERTIBLE.
      USE PARM
      DO J=1,NBCL
          IF(SOT(J,ISA)<0.)THEN
              ! SET A FLOOR ON FAC TO AVOID POSSIBLE DIVIDE-BY-ZERO AND TO ENSURE RELATION IS INVERTIBLE
              FAC=MAX(1.+.125*SOT(J,ISA),1.0E-8)
              IF(IFW==0)THEN
                  TPOR(J,ISA)=TPOR(J,ISA)-(1.-FAC)*VWC(J,ISA) ! REDUCE TOTAL POROSITY BY THE VOLUME OF THE ICE COMPONENT
                  VWC(J,ISA)=VWC(J,ISA)*FAC
              ELSE
                  VWC(J,ISA)=VWC(J,ISA)/FAC
                  TPOR(J,ISA)=TPOR(J,ISA)+(1.0-FAC)*VWC(J,ISA) ! ADD THE ICE BACK TO THE TOTAL
              END IF
          END IF    
      END DO
      RETURN
      END







src/INIFP.f90

      SUBROUTINE INIFP(I3,II,JJ,JRT)

!     APEX1501

!     THIS SUBPROGRAM ALLOWS INPUT TO OPERATION SCHEDULE FOR IRRIGATION,

!     FERTILIZER, OR PESTICIDE APPLICATION

      USE PARM

      J1=0

      SELECT CASE(I3)

          CASE(7)

              KP=KP+1

              NPC(KP)=JJ

              KPC(KP)=JX(2)

              JPC(KP)=JX(3)

              PSTR(II,KP,ISA)=OPV(1)

              PSTE(II,KP,ISA)=OPV(2)

              CALL PSTTBL

              LPC(II,KP,ISA)=KDP1(JX(7))

          CASE(8)

              VIRR(II,JJ,ISA)=OPV(1)

              IF(ABS(OPV(3))>1.E-5)BIR(ISA)=OPV(3)

              IF(OPV(4)>0.)EFI(ISA)=OPV(4)

              IF(OPV(5)>0.)FIRG(ISA)=OPV(5)

              IF(OPV(6)>0.)HMIN_IRR(II,JJ,ISA)=OPV(6) !PADDY minimum ponding depth that triggers irrigation JAEHAK JEONG 2016

              KI=KI+1

              NIR(KI)=JX(2)

              IIR(KI)=JX(3)

              KIR(KI)=JJ

          CASE(9)

              WFA(II,JJ,ISA)=OPV(1)

              CALL NFTBL(L)

              LFT(II,JJ,ISA)=KDF1(JX(7))      

              KF=KF+1

          CASE(15) !SET PADDY OUTLET WEIR HEIGHT 

              HWEIR(II,JJ,ISA)=OPV(1) !PADDY MODEL JAEHAK JEONG 2014

              LWEIR(II,JJ,ISA)=OPV(2) !PADDY WEIR WIDTH, M

          CASE(27)

              WMUCH(II,JJ,ISA)=OPV(1)

          CASE DEFAULT

              J1=1

      END SELECT

      IF(J1==0)THEN

          TIR(II,JJ,ISA)=BIR(ISA)

          CND(II,JJ,ISA)=CN2(ISA)

          QIR(II,JJ,ISA)=EFI(ISA)

          FIRX(II,JJ,ISA)=FIRG(ISA)

          JRT=1

      ELSE    

          IF(I3==NHC(19))THEN

              RST0(ISA)=OPV(1)

              IF(OPV(1)>0.)IGZX(1,1)=ISA

          END IF

          IF(OPV(2)<0.)THEN

              CN2(ISA)=-OPV(2)      

          ELSE

              IF(OPV(2)>0.)THEN

	              LUN(ISA)=OPV(2)

	              LUN(ISA)=LUN(ISA)+LUNS(ISA)

                  CALL HSGCN

              END IF

          END IF

          CND(II,JJ,ISA)=CN2(ISA)

          IF(ABS(OPV(3))>1.E-5)BIR(ISA)=OPV(3)

          TIR(II,JJ,ISA)=BIR(ISA)

          IF(OPV(4)>0.)EFI(ISA)=OPV(4)

          QIR(II,JJ,ISA)=EFI(ISA)

          FIRX(II,JJ,ISA)=FIRG(ISA)

          RSTK(II,JJ,ISA)=RST0(ISA)

          JRT=0

      END IF    

      RETURN

      END






src/MAIN_1501.f90

!     PROGRAM APEX1501

!     THIS MODEL IS CALLED APEX(AGRICULTURAL POLICY/ENVIRONMENTAL

!     EXTENDER)

!     IT IS A COMPREHENSIVE AGRICULTURAL MANAGEMENT MODEL THAT IS USEFUL

!     IN SOLVING A VARIETY OF PROBLEMS INVOLVING SUSTAINABLE

!     AGRICULTURE, WATER QUALITY, WATER SUPPLY, AND GLOBAL CLIMATE

!     & CO2 CHANGE.  THE MODEL SIMULATES MOST COMMONLY USED

!     MANAGEMENT PRACTICES LIKE TILLAGE, IRRIGATION, FERTILIZATION,

!     PESTICIDE APPLICATION, LIMING, AND FURROW DIKING.

!     THE WATERSHED MAY BE DIVIDED INTO SUBAREAS(SUBWATERSHEDS,

!     FIELDS, LANDSCAPE POSITIONS, ETC). RUNOFF, SEDIMENT, AND AG

!     CHEMICALS ARE ROUTED AS SURFACE, SUBSURFACE, AND CHANNEL FLOW.

!     THE MAIN PROGRAM INITIALIZES VARIABLES, ACCUMULATES

!     MONTHLY AND ANNUAL VALUES, AND COMPUTES AVERAGE VALUES FOR THE

!     SIMULATION PERIOD.

	  PROGRAM MAIN

	   USE PARM

      USE HPERC2_INIT !J Jeong to add Richards equation 2017

	   CHARACTER(1)::ASG

      CHARACTER(2)::RFPT

      CHARACTER(4)::HEDW

      CHARACTER(7)::AUNT

	   CHARACTER(8)::ASOL,RCMD

      CHARACTER(10)::FMT

      CHARACTER(80)::ASOT,ASTN,FPSOD,OPSCFILE,FRFDT,RFTFILE,SOILFILE,&

      TITWP,WINDFILE,WPMFILE

      CHARACTER(80)::ADFL,ADUM,AWTH,TITWN,TMPSTR

      REAL::TMPFL

	  REAL,DIMENSION(:),ALLOCATABLE:: SAV

	  INTEGER,DIMENSION(:),ALLOCATABLE:: IDOS,NX

      DIMENSION HEDW(16),TITWP(10),ASG(4)

	  DIMENSION NY(20),KFL0(51),IWPM(10),MNX(20)

      DIMENSION SMWD(3000),&!XGCO2(200),XGN2O(30),XGO2(30),&    ! Commented, added in allocated_parms, deallocate, modparms - Luca Doro 20190827

      TWB(11),YTP(16),FWXP(10),COCH(6),RCMD(5),RFPT(4)

      DIMENSION RMO(10,12),SCRX(35,2)

	   DATA RFPT/' 1','1A',' 2',' 3'/,RCMD/'SUBAREA ','ROUTE   ',&

      'ADD     ','ROUTE RS','ROUTE PD'/,ASG/'A','B','C','D'/,HEDW/'   N'&

      ,' NNE','  NE',' ENE','   E',' ESE','  SE',' SSE','   S',' SSW',&

      '  SW',' WSW','   W',' WNW','  NW',' NNW'/

      CALL AHEAD

	   ADUM='APEXRUN.DAT'

      CALL OPENV(KR(11),ADUM,0)

      ADUM='APEXFILE.DAT'

      CALL OPENV(KR(12),ADUM,0)

      ADUM='APEXCONT.DAT'

      CALL OPENV(KR(20),ADUM,0)

      ADUM='APEXDIM.DAT'

      CALL OPENV(KR(26),ADUM,0)

      ! READ DIMENSIONS

      ! 1 MPS = MAX # PESTICIDES

      ! 2 MRO = MAX # YRS CROP ROTATION

      ! 3 MNT = MAX # TILLAGE OPERATIONS

      ! 4 MNC = MAX # CROPS USED

      ! 5 MHD = MAX # ANIMAL HERDS

      ! 6 MBS = MAX # BUY/SELL LIVESTOCK TRANSACTIONS

      ! 7 MFT = MAX # FERTILIZER

      ! 8 MPO = MAX # POINT SOURCES

      ! 9 MHP = MAX# HYDROGRAPH POINTS

      !10 MHX = MAX# DAYS FOR STORM HYDROGRAPH BASE

      !11 MSA = MAX# SUBAREAS

      !12 MIR = MAX# IRRIGATION APPLICATIONS

      READ(KR(26),*)MPS,MRO,MNT,MNC,MHD,MBS,MFT,MPO,MHP,MHX,MSA,MIR

      !READ FILE NAMES

      READ(KR(12),509)FSITE,FSUBA,FWPM,FWIND,FCROP,FTILL,FPEST,FFERT,&

      FSOIL,FOPSC,FTR55,FPARM,FMLRN,FPRNT,FHERD,FWLST,FPSOD,FRFDT,FLWE 

        WRITE(*,508)'FSITE',FSITE,'FSUBA',FSUBA,'FWPM',FWPM,'FWIND',FWIND,&

      'FCROP',FCROP,'FTILL',FTILL,'FPEST',FPEST,'FFERT',FFERT,'FSOIL',&

      FSOIL,'FOPSC',FOPSC,'FTR55',FTR55,'FPARM',FPARM,'FMLRN',FMLRN,&

      'FPRNT',FPRNT,'FHERD',FHERD,'FWLST',FWLST,'FPSOD',FPSOD,'FRFDT',FRFDT,&

      'FLWE',FLWE     

      !  1  NBY0 = NUMBER OF YEARS OF SIMULATION

      !  2  IYR0 = BEGINNING YEAR OF SIMULATION

      !  3  IMO  = MONTH SIMULATION BEGINS

      !  4  IDA  = DAY OF MONTH SIMULATION BEGINS

      !  5  IPD  = N0 FOR ANNUAL WATERSHED OUTPUT

      !          = N1 FOR ANNUAL OUTPUT                       | N YEAR INTERVAL

      !          = N2 FOR ANNUAL WITH SOIL TABLE              | N=0 SAME AS

      !          = N3 FOR MONTHLY                             | N=1 EXCEPT

      !          = N4 FOR MONTHLY WITH SOIL TABLE             | N=0 PRINTS

      !          = N5 FOR MONTHLY WITH SOIL TABLE AT HARVEST  | OPERATIONS

      !          = N6 FOR N DAY INTERVAL

      !          = N7 FOR SOIL TABLE ONLY N DAY INTERVAL

      !          = N8 FOR SOIL TABLE ONLY DURING GROWING SEASON N DAY INTERVAL

      !          = N9 FOR N DAY INTERVAL DURING GROWING SEASON

      !  6  NGN0 = ID NUMBER OF WEATHER VARIABLES INPUT.  RAIN=1,  TEMP=2,

      !            RAD=3,  WIND SPEED=4,  REL HUM=5.  IF ANY VARIABLES ARE INP

      !            RAIN MUST BE INCLUDED.  THUS, IT IS NOT NECESSARY TO SPECIF

      !            ID=1 UNLESS RAIN IS THE ONLY INPUT VARIABLE.

      !            NGN=-1 ALL VARIABLES GENERATED(SAME VALUES ALL SUBAREAS).

      !            NGN=0  ALL VARIABLES GENERATED(SPATIALLY DISTRIBUTED).  

      !            EXAMPLES

      !            NGN=1 INPUTS RAIN.

      !            NGN=23 INPUTS RAIN, TEMP, AND RAD.

      !            NGN=2345 INPUTS ALL 5 VARIABLES.

      !  7  IGN  = NUMBER TIMES RANDOM NUMBER GEN CYCLES BEFORE

      !            SIMULATION STARTS

      !  8  IGS0 = 0 FOR NORMAL OPERATION OF WEATHER MODEL.

      !          = N NO YRS INPUT WEATHER BEFORE REWINDING (USED FOR REAL TIME

      !            SIMULATION).

      !  9  LPYR = 0 IF LEAP YEAR IS CONSIDERED

      !          = 1 IF LEAP YEAR IS IGNORED

      ! 10  IET  = PET METHOD CODE

      !          = 1 FOR PENMAN-MONTEITH

      !          = 2 FOR PENMAN

      !          = 3 FOR PRIESTLEY-TAYLOR

      !          = 4 FOR HARGREAVES

      !          = 5 FOR BAIER-ROBERTSON

      ! 11  ISCN = 0 FOR STOCHASTIC CURVE NUMBER ESTIMATOR.

      !          > 0 FOR RIGID CURVE NUMBER ESTIMATOR.

      ! 12  ITYP = 0 FOR MODIFIED RATIONAL EQ STOCHASTIC PEAK RATE ESTIMATE.

      !          < 0 FOR MODIFIED RATIONAL EQ RIGID PEAK RATE ESTIMATE.

      !          > 0 FOR SCS TR55 PEAK RATE ESTIMATE.

      !          = 1 FOR TYPE 1 RAINFALL PATTERN

      !          = 2     TYPE 1A

      !          = 3     TYPE 2

      !          = 4     TYPE 3

      !          = 5 FOR SCS UNIT HYD PEAK RATE ESTIMATE

      ! 13  ISTA = 0 FOR NORMAL EROSION OF SOIL PROFILE

      !          = 1 FOR STATIC SOIL PROFILE

      ! 14  IHUS = 0 FOR NORMAL OPERATION

      !          = 1 FOR AUTOMATIC HEAT UNIT SCHEDULE(PHU MUST BE INPUT AT

      !              PLANTING)

      ! 15  NVCN0= 0 VARIABLE DAILY CN NONLINEAR CN/SW WITH DEPTH SOIL WATER

      !              WEIGHTING

      !          = 1 VARIABLE DAILY CN NONLINEAR CN/SW NO DEPTH WEIGHTING

      !          = 2 VARIABLE DAILY CN LINEAR CN/SW NO DEPTH WEIGHTING

      !          = 3 NON-VARYING CN--CN2 USED FOR ALL STORMS

      !          = 4 VARIABLE DAILY CN SMI(SOIL MOISTURE INDEX)

      ! 16  INFL = 0 FOR CN ESTIMATE OF Q

      !          = 1 FOR GREEN & AMPT ESTIMATE OF Q, RF EXP DST, PEAK RF RATE

      !              SIMULATED.

      !          = 2 FOR G&A Q, RF EXP DST, PEAK RF INPUT

      !          = 3 FOR G&A Q, RF UNIFORMLY DST, PEAK RF INPUT

      !          = 4 FOR G&A Q, RF INPUT AT TIME INTERVAL DTHY

      ! 17  MASP = 1 FOR PESTICIDE APPLIED IN g/ha

      !          = 1000 FOR PESTICIDE APPLIED IN kg/ha

      ! 18  IERT = 0 FOR EPIC ENRICHMENT RATIO METHOD

      !          = 1 FOR GLEAMS ENRICHMENT RATIO METHOD

      ! 19  LBP  = 0 FOR SOL P RUNOFF ESTIMATE USING GLEAMS PESTICIDE EQ

      !          = 1 FOR LANGMUIR EQ

      ! 20  NUPC = N AND P PLANT UPTAKE CONCENTRATION CODE

      !          = 0 FOR SMITH CURVE

      !          > 0 FOR S CURVE

      ! 21  MNUL = MANURE APPLICATION CODE

      !          = 0 FOR AUTO APPLICATION TO SUBAREA WITH MINIMUM LAB P CONC

      !          = 1 FOR VARIABLE P RATE LIMITS ON ANNUAL APPLICATION BASED ON

      !            JAN 1 LAB P CONC.

      !          = 2 FOR VARIABLE N RATE LIMITS ON ANNUAL APPLICATION BASED ON

      !            JAN 1 LAB P CONC.

      !          = 3 SAME AS 1 EXCEPT APPLICATIONS OCCUR ON ONE SUBAREA AT A 

      !            TIME UNTIL LAB P CONC REACHES 200 ppm. THEN ANOTHER SUBAREA

      !            IS USED, ETC.

      ! 22  LPD  = DAY OF YEAR TO TRIGGER LAGOON PUMPING DISREGARDING NORMAL

      !            PUMPING TRIGGER--USUALLY BEFORE WINTER OR HIGH RAINFALL 

      !            SEASON.

      !          = 0 DOES NOT TRIGGER EXTRA PUMPING

      ! 23  MSCP = INTERVAL FOR SCRAPING SOLID MANURE FROM FEEDING AREA (d)

      ! 24  ISLF = 0 FOR RUSLE SLOPE LENGTH/STEEPNESS FACTOR

      !          > 0 FOR MUSLE SLOPE LENGTH/STEEPNESS FACTOR

      ! 25  NAQ  > 0 FOR AIR QUALITY ANALYSIS

      !          = 0 NO AIR QUALITY ANALYSIS

      ! 26  IHY  = 0 NO FLOOD ROUTING

      !          = 1 VSC FLOOD ROUTING

      !          = 2 SVS FLOOD ROUTING

      !          = 3 MUSKINGUM-CUNGE VC

      !          = 4 MUSKINGUM-CUNGE M_CVC4 

      ! 27  ICO2 = 0 FOR CONSTANT ATMOSPHERIC CO2

      !          = 1 FOR DYNAMIC ATMOSPHERIC CO2

      !          = 2 FOR INPUTTING CO2

      ! 28  ISW  = 0 FIELD CAP/WILTING PT EST RAWLS METHOD DYNAMIC.

      !          = 1 FIELD CAP/WILTING PT INP RAWLS METHOD DYNAMIC.

      !          = 2 FIELD CAP/WILTING PT EST RAWLS METHOD STATIC.

      !          = 3 FIELD CAP/WILTING PT INP STATIC.

      !          = 4 FIELD CAP/WILTING PT NEAREST NEIGHBOR DYNAMIC

      !          = 5 FIELD CAP/WILTING PT NEAREST NEIGHBOR STATIC

      !          = 6 FIELD CAP/WILTING PT BEHRMAN-NORFLEET-WILLIAMS (BNW) DYNAMIC                         

      !          = 7 FIELD CAP/WILTING PT BEHRMAN-NORFLEET-WILLIAMS (BNW) STATIC

      ! 29  IGMX = # TIMES GENERATOR SEEDS ARE INITIALIZED FOR A SITE.

      ! 30  IDIR = 0 FOR READING DATA FROM WORKING DIRECTORY

      !          > 0 FOR READING FROM WEATDATA DIRECTORY

      ! 31  IMW0 = MIN INTERVAL BETWEEN AUTO MOW 

      ! 32  IOX  = 0 FOR ORIGINAL EPIC OXYGEN/DEPTH FUNCTION

      !          > 0 FOR ARMEN KEMANIAN CARBON/CLAY FUNCTION

      ! 33  IDNT = 1 FOR ORIGINAL EPIC DENITRIFICATION SUBPROGRAM

      !          = 2 FOR ARMEN KEMANIAN DENITRIFICATION SUBPROGRAM

      !          = 3 FOR CESAR IZAURRALDE DENITRIFICATION SUBPROGRAM (ORIGINAL DW)

      !          = 4 FOR CESAR IZAURRALDE DENITRIFICATION SUBPROGRAM (NEW DW)     

      ! 34  IAZM = 0 FOR USING INPUT LATITUDES FOR SUBAREAS

      !          > 0 FOR COMPUTING EQUIVALENT LATITUDE BASED ON AZIMUTH 

      !            ORIENTATION OF LAND SLOPE.

      ! 35  IPAT = 0 TURNS OFF AUTO P APPLICATION

      !          > 0 FOR AUTO P APPLICATION

      ! 36  IHRD = 0 FOR LEVEL 0(MANUAL) GRAZING MODE(NO HERD FILE REQUIRED)

      !          = 1 FOR LEVEL 1(HYBRID) GRAZING MODE(HERD FILE REQUIRED) 

      !          = 2 FOR LEVEL 2(AUTOMATIC) GRAZING MODE(HERD FILE REQUIRED)  

      ! 37  IWTB = DURATION OF ANTEDEDENT PERIOD FOR RAINFALL AND PET 

      !            ACCUMULATION TO DRIVE WATER TABLE.

      ! 38  IKAT = 0 TURNS OFF AUTO K APPLICATION

      !          > 0 FOR AUTO K APPLICATION

      ! 39  NSTP = REAL TIME DAY OF YEAR

      ! 40  IPRK = 0 FOR HPERC 

      !          = 1 FOR HPERC1 (4MM SLUG FLOW)

      !          = 2 FOR HPERC2 (Richard's equation)

      ! 41  ICP  = 0 FOR NCNMI_PHOENIX

      !          > 0 FOR NCNMI_CENTURY

      ! 42  NTV  = 0 FOR ORIGINAL APEX NITVOL EQS

      !          > 0 FOR IZAURRALDE REVISED NITVOL EQS

      ! 43  IREM = 0 SSK FROM REMX

      !          > 0 SSK FROM USLE

      ! 44  IHAY = 0 FOR NO HAY FEEDING

      !          > 0 FOR HAY FEEDING WHEN FORAGE IS < GZLM

      ! 45  ISAP = DOUBLE VARIABLE (ISA/IPCD) TO PRINT DAILY BALANCES USING SR NCONT

      !            IPCD=1 FOR C

      !                =2 FOR H2O

      !                =3 FOR P

      !                =4 FOR N

      !            NBSA=SELECTED SA ID #   

      !     LINE 1/2

      READ(KR(20),*)NBY0,IYR0,IMO,IDA0,IPD,NGN0,IGN,IGSD,LPYR,IET,&

      ISCN,ITYP,ISTA,IHUS,NVCN0,INFL,MASP,IERT,LBP,NUPC,MNUL,LPD,MSCP,&

      ISLF,NAQ,IHY,ICO2,ISW,IGMX,IDIR,IMW0,IOX,IDNT,IAZM,IPAT,IHRD,IWTB,&

      IKAT,NSTP,IPRK,ICP,NTV,IREM,IHAY,ISAP

      IF(IWTB==0)IWTB=15

      CALL AISPL(ISAP,JJ)

      IPCD=ISAP

      ISAP=JJ

	  

	  IF(IDNT<1.OR.IDNT>4) THEN

		  IDNT=2 !Default denitrification method

	  ENDIF

	  

      IF(ISW==4.OR.ISW==5)THEN

          ADUM='SOIL35K.DAT'

          CALL OPENV(KR(28),ADUM,IDIR)

          READ(KR(28),140)XAV,XDV,XRG,BRNG,NSX

          ALLOCATE(XSP(NSX,5))

		  NSNN=.655*NSX**.493

		  EXNN=.767*NSX**.049

	  	  DO I=1,NSX

			  READ(KR(28),140)(XSP(I,J),J=1,5)

          END DO

		  CLOSE(KR(28))

      END IF

      CALL OPENV(KR(2),FPARM,0)

      CALL OPENV(KR(17),FPRNT,0)

      CALL OPENV(KR(6),FMLRN,0)

      CALL OPENV(KR(18),FWPM,IDIR)

      CALL OPENV(KR(19),FWIND,IDIR)

      CALL OPENV(KR(4),FCROP,IDIR)

      CALL OPENV(KR(3),FTILL,IDIR)

      CALL OPENV(KR(8),FPEST,IDIR)

      CALL OPENV(KR(9),FFERT,IDIR)

      CALL OPENV(KR(10),FTR55,IDIR)      

      CALL OPENV(KR(13),FSOIL,IDIR)

      CALL OPENV(KR(15),FOPSC,IDIR)      

	  IF(IHRD>0)CALL OPENV(KR(21),FHERD,IDIR) 

      CALL OPENV(KR(23),FSITE,IDIR)

      CALL OPENV(KR(24),FSUBA,IDIR)

	  CALL OPENV(KR(25),FWLST,IDIR)

	  CALL OPENV(KR(27),FPSOD,IDIR)

	  IRUN=0

	  IDAY=0

	  IMON=0

	  IT1=0

	  IT2=0

	  IT3=0

	  IYER=0

	  NMC=0

      ! SCRP = S CURVE SHAPE PARAMETERS(CONSTANTS EXCEPT FOR

      !        EXPERIMENTAL PURPOSES)

      ! LINE 1/35

      READ(KR(2),2510)((SCRP(I,J),J=1,2),I=1,35)

      ! MISCELLANEOUS PARAMETERS (CONSTANTS EXCEPT FOR EXPERIMENTAL PURPO

      ! LINE 36/46

      READ(KR(2),3120)PRMT

      IF(PRMT(96)==0.)PRMT(96)=1.

      ! READ ECONOMIC DATA

      ! 1  COIR = COST OF IRRIGATION WATER ($/mm)

      ! 2  COL  = COST OF LIME ($/t)

      ! 3  FULP = COST OF FUEL ($/l)

      ! 4  WAGE = LABOR COST ($/h)

      ! LINE 47

      READ(KR(2),3120)COIR,COL,FULP,WAGE

      ! LINE 48

      READ(KR(2),3120)XKN5,XKN3,XKN1,CBVT                              

      CLOSE(KR(2))

      ! CQRB  = COEFS OF 7TH DEG POLY IN TR55 QRB EST

      ! LINE 1/68

      READ(KR(10),396)CQRB

      ! COCH = COEFS FOR CHANNEL GEOMETRY X=COCH(N)*WSA**COCH(N+1)

      ! X=WIDTH FOR COCH(1) & COCH(2)

      ! X=DEPTH FOR COCH(3) & COCH(4)

      ! X=LENGTH FOR COCH(5) & COCH(6)

      ! LINE 69

      READ(KR(10),3120)COCH

      IF(COCH(1)<1.E-10)COCH(1)=.0814

      IF(COCH(2)<1.E-10)COCH(2)=.6

      IF(COCH(3)<1.E-10)COCH(3)=.0208

      IF(COCH(4)<1.E-10)COCH(4)=.4

      IF(COCH(5)<1.E-10)COCH(5)=.0803

      IF(COCH(6)<1.E-10)COCH(6)=.6

      CLOSE(KR(10))

      !     KA   = OUTPUT VARIABLE ID NO(ACCUMULATED AND AVERAGE VALUES)

      !     LINE 1/5

      READ(KR(17),3100)(KDC1(I),I=1,NKA)

      DO I=1,NKA

          IF(KDC1(I)<=0)EXIT

          KA(I)=KDC1(I)

      END DO

      NKA=I-1

      ! JC = OUTPUT VARIABLE ID NO(CONCENTRATION VARIABLES)

      ! LINE 6

      READ(KR(17),3100)(KDC1(I),I=1,NJC)

      DO I=1,NJC

          IF(KDC1(I)<=0)EXIT

          JC(I)=KDC1(I)

      END DO

      NJC=I-1

      ! KS = OUTPUT VARIABLE ID NO(STATE VARIABLES)

      ! LINE 7

      READ(KR(17),3100)(KDC1(I),I=1,NKS)

      DO I=1,NKS

          IF(KDC1(I)<=0)EXIT

          KS(I)=KDC1(I)

      END DO

      NKS=I-1

      ! KD = DAILY OUTPUT VARIABLE ID NO

      ! LINE 8/9

      READ(KR(17),3100)(KDC1(I),I=1,NKD)

      DO I=1,NKD

          IF(KDC1(I)<=0)EXIT

          KD(I)=KDC1(I)

      END DO

      NKD=I-1

      ! KY = ANNUAL OUTPUT--VARIABLE ID NOS(ACCUMULATED AND AVERAGE

      ! LINE 10/11

      READ(KR(17),3100)(KDC1(I),I=1,NKY)

      DO I=1,NKY

          IF(KDC1(I)<=0)EXIT

          KY(I)=KDC1(I)

      END DO

      NKY=I-1

      ! SELECT OUTPUT FILES--KFL=0(NO OUTPUT); KFL>0(GIVES OUTPUT FOR

      ! SELECTED FILE)

      ! 1  OUT=STANDARD OUTPUT FILE

      ! 2  MAN=SPECIAL MANURE MANAGEMENT SUMMARY FILE

      ! 3  SUS=SUBAREA SUMMARY FILE

      ! 4  ASA=ANNUAL SUBAREA FILE

      ! 5  SWT=WATERSHED OUTPUT TO SWAT

      ! 6  DPS=DAILY SUBAREA PESTICIDE FILE

      ! 7  MSA=MONTHLY SUBAREA FILE

      ! 8  AWP=ANNUAL CEAP FILE

      ! 9  DHY=DAILY SUBAREA HYDROLOGY FILE

      !10  WSS=WATERSHED SUMMARY FILE

      !11  SAD=DAILY SUBAREA FILE

      !12  HYC=CONTINUOUS HYDROGRAPHS(DTHY) AT WATERSHED OUTLET

      !13  DRS=DAILY RESERVOIR FILE

      !14  APEXBUF.OUT SPECIAL FILE FOR BUFFER STRIPS

      !15  MWS=MONTHLY WATERSHED FILE

      !16  DWS=DAILY WATERSHED OUTLET FILE

      !17  AWS=ANNUAL WATERSHED OUTLET FILE

      !18  DGZ=DAILY GRAZING

      !19  DUX=DAILY MANURE APPLICATION

      !20  DDD=DAILY DUST DISTRIBUTION

      !21  ACN=ANNUAL SOIL ORGANIC C & N TABLE

      !22  DCN=DAILY SOIL ORGANIC C & N TABLE

      !23  SCX=SUMMARY SOIL ORGANIC C & N TABLE

      !24  ACY=ANNUAL SUBAREA CROP YIELD

      !25  EFR=RUNOFF EVENT FLOOD ROUTING

      !26  EHY=RUNOFF EVENT HYDROGRAPHS

      !27  APS=ANNUAL SUBAREA/WATERSHED PESTICIDE

      !28  MSW=MONTHLY OUTPUT TO SWAT.

      !29  DPW=DAILY WATERSHED PESTICIDE FILE

      !30  SPS=PESTICIDE SUBAREA SUMMARY

      !31  ACO=ANNUAL COST 

      !32  SWN=SPECIAL WATERSHED SUMMARY FOR NRCS FARM PLANNING

      !33  NOT USED

      !34  SAO=SPECIAL SUBAREA FILE FOR GIS

      !35  RCH=SPECIAL REACH FILE FOR GIS

      !36  ERX=ERROR FILE

      !37  DMR=DAILY WATERSHED NUTRIENT & SEDIMENT CONC NRCS MRBI

      !38  STR=SUMMARY OF SUBARES & WATERSHED FOR STAR

      !39  MRH=MONTHLY REACH FILE ANNUAL GIS REACH FILE FOR SELECTED COMMAND #'S ICMO(FROM .SIT)

      !40  MGZ=MONTHLY GRAZING FILE

      !41  DNC=DAILY NITROGEN/CARBON CESAR IZAURRALDE 

      !42  DHS=DAILY HYDROLOGY/SOIL                                                                                                     

      !43  MSX=MONTHLY SOIL TABLE

      !44  DGN=DAILY GENERAL OUTPUT (VAR AFTER COMMAND LOOP IN BSIM)

      !45  DPD=DAILY PADDY OUTPUT

      !46  ASL=ANNUAL SOIL TABLE

      !47  MS5=MONTHLY SOIL PROPERTIES 0-0.05m

      !48  AS5=ANNUAL SOIL PROPERTIES 0-0.05m 

      !49  RUN1501.SUM

      !    MSO

      !    +1/ SOT=SUBAREA FINAL SOIL TABLE FOR USE IN OTHER RUNS

      !    MSA

      !     LINE 12/14

      READ(KR(17),3100)KFL0

      CLOSE(KR(17))

!  1  RFN0 = AVE CONC OF N IN RAINFALL(ppm)

!  2  CO20 = CO2 CONCENTRATION IN ATMOSPHERE(ppm)

!  3  CQN0 = CONC OF N IN IRRIGATION WATER(ppm)

!  4  PSTX = PEST DAMAGE SCALING FACTOR (0.-10.)--0. SHUTS OFF PEST

!            DAMAGE FUNCTION. PEST DAMAGE FUNCTION CAN BE REGULATED FROM

!            VERY MILD(0.05-0.1) TO VERY SEVERE(1.-10.)

!  5  YWI  = NO Y RECORD MAX .5H RAIN(0 IF WI IS NOT

!            INPUT)

!  6  BTA  = COEF(0-1)GOVERNING WET-DRY PROBABILITIES GIVEN DAYS

!            OF RAIN(0 IF UNKNOWN OR IF W|D PROBS ARE

!            INPUT)

!  7  EXPK = PARAMETER USED TO MODIFY EXPONENTIAL RAINFALL AMOUNT

!            DISTRIBUTION(0 IF UNKNOWN OR IF ST DEV & SK CF ARE

!            INPUT)

!  8  QG   = 2 YEAR FREQ 24-H RAINFALL (mm)--ESTIMATES REACH CH GEOMETRY

!            IF UNKNOWN(0 IF CH GEO IS INPUT)

!  9  QCF  = EXPONENT IN WATERSHED AREA FLOW RATE EQ

! 10  CHS0 = AVE UPLAND SLOPE (m/m) IN WATERSHED

! 11  BWD  = CHANNEL BOTTOM WIDTH/DEPTH(QG>0)

! 12  FCW  = FLOODPLAIN WIDTH/CHANNEL WIDTH

! 13  FPS0 = FLOODPLAIN SAT COND ADJUSTMENT FACTOR(.0001_10.)

! 14  GWS0 = MAXIMUM GROUNDWATER STORAGE(mm)

! 15  RFT0 = GROUNDWATER RESIDENCE TIME(d)

! 16  RFP0 = RETURN FLOW / (RETURN FLOW + DEEP PERCOLATION)

! 17  SAT0 = SATURARTED CONDUCTIVITY ADJUSTMENT FACTOR(.1_10.)

! 18  FL0  = FIELD LENGTH(km)(0 IF UNKNOWN)

! 19  FW0  = FIELD WIDTH(km)(0 IF UNKNOWN)

! 20  ANG0 = CLOCKWISE ANGLE OF FIELD LENGTH FROM NORTH(deg)(0 IF

!            UNKNOWN)

! 21  UXP  = POWER PARAMETER OF MODIFIED EXP DIST OF WIND SPEED(0

!            IF UNKNOWN)

! 22  DIAM = SOIL PARTICLE DIAMETER(UM)(0 IF UNKNOWN)

! 23  ACW  = WIND EROSION CONTROL FACTOR

!            = 0.0 NO WIND EROSION

!            = 1.0 FOR NORMAL SIMULATION

!            > 1.0 ACCELERATES WIND EROSION(CONDENSES TIME)

! 24  GZL0 = GRAZING LIMIT--MINIMUM PLANT MATERIAL(t/ha)

! 25  RTN0 = NUMBER YEARS OF CULTIVATION AT START OF SIMULATION

! 26  BXCT = LINEAR COEF OF CHANGE IN RAINFALL FROM E TO W(PI/P0/KM)

! 27  BYCT = LINEAR COEF OF CHANGE IN RAINFALL FROM S TO N(PI/P0/KM)

! 28  DTHY = TIME INTERVAL FOR FLOOD ROUTING(h)

! 29  QTH  = ROUTING THRESHOLD(mm)--VSC ROUTING USED ON QVOL>QTH

! 30  STND = VSC ROUTING USED WHEN REACH STORAGE >STND

! 31  DRV  = SPECIFIES WATER EROSION DRIVING EQ.

!            (1=RUSL2;  2=USLE;  3=MUSS;  4=MUSL;   5=MUST;  6=REMX)

! 32  PCO0 = FRACTION OF SUBAREAS CONTROLLED BY PONDS.

! 33  RCC0 = REACH CHANNEL USLE C FACTOR

! 34  CSLT = SALT CONC IN IRRIGATION WATER (ppm)

! 35  CPV0 = FRACTION INFLOW PARTITIONED TO VERTICLE CRACK OR PIPE FLOW

! 36  CPH0 = FRACTION INFLOW PARTITIONED TO HORIZONTAL CRACK OR PIPE FLOW 

! 37  DZDN = LAYER THICKNESS FOR DIFFERENTIAL EQ SOLN TO GAS DIFF EQS(m)

! 38  DTG  = TIME INTERVAL FOR GAS DIFF EQS (h)

! 39  QPQ  = RATIO VOLUME BEFORE TP TO TOTAL VOLUME OF UNIT HYD

! 40  WND_OP = FLAG FOR WIND EROSION METHOD (0=ORIGINAL, 1=LWE METHOD)

!     LINES 3/6

      READ(KR(20),*)RFN0,CO20,CQN0,PSTX,YWI,BTA,EXPK,QG,QCF,CHS0,&

      BWD,FCW,FPS0,GWS0,RFT0,RFP0,SAT0,FL0,FW0,ANG0,UXP,DIAM,ACW,GZL0,&

      RTN0,BXCT,BYCT,DTHY,QTH,STND,DRV,PCO0,RCC0,CSLT,CPV0,CPH0,DZDN,&

      DTG,QPQ,WND_OP

      IF(DTHY<1.E-10)DTHY=1.

      IF(IHY>0)NPD=24./DTHY+1.

      IF(BTA<1.E-10)BTA=.75

      DO I=1,NSZ

          PSZX(I)=.411*PSZ(I)*PSZ(I)

          PSZY(I)=SQRT(PSZ(I))

      END DO

      ZMIX=PRMT(31)

!  1  ASTN = RUN #

!  2  ISIT = SITE #

!  3  IWPM = WEATHER STATION # FROM KR(18) 

!  4  IWND = WIND STATION # FROM KR(19) 

!  5  ISUB = SUBAREA # FROM KR(24)

!  6  ISOL = 0 FOR NORMAL RUN

!          > 0 FOR RUNS USING .SOT FILES

!  7  IRFT = WITHIN STORM RAINFALL STATION # FROM KR(29) 

      DO ! RUN LOOP

          READ(KR(11),*,IOSTAT=NFL)ASTN,ISIT,IWPM(1),IWND,ISUB,ISOL,IRFT

          IF(NFL/=0)EXIT

          IF(ISIT==0)EXIT

          ASTN=ADJUSTR(ASTN)

          I2=-1

          DO WHILE(I2/=ISUB) 

	          READ(KR(24),*,IOSTAT=NFL)I2,SAFILE

              IF(NFL/=0)THEN

                  WRITE(*,*)'SUBAREA NO = ',ISUB,' NOT IN SUBAREA LIST FILE'

                  STOP

              END IF

          END DO

          REWIND KR(24)

          I2=-1

          DO WHILE(I2/=ISIT) 

              READ(KR(23),*,IOSTAT=NFL)I2,SITEFILE

              IF(NFL/=0)THEN

                  WRITE(*,*)'SITE NO = ',ISIT,' NOT IN SITE LIST FILE'

                  STOP

              END IF

          END DO

          REWIND KR(23)

          CALL OPENV(KR(1),SITEFILE,IDIR)

	      CALL OPENV(KR(5),SAFILE,IDIR)

          WRITE(*,2143)IRUN,SAFILE

          MOW=1

          NBMX=0

          I=0     

          DO 

              I=I+1 

              READ(KR(5),'(2I8)',IOSTAT=NFL)N1,ISA

              IF(NFL/=0.OR.N1==0)EXIT

              READ(KR(5),*)INPS,IOPS,IOW,I1,I2,I3,I4,I5,I6

              IF(IOW>MOW)MOW=IOW

              IF(N1>NBMX)NBMX=N1

              DO J=1,10

                  READ(KR(5),'()')

              END DO

          END DO

          MSA=I-1

          XSA=MSA

          REWIND KR(5)

          I=1

          DO

              READ(KR(27),'(A80)',IOSTAT=NFL)TITWN

              IF(NFL/=0.OR.TITWN=='')EXIT

              I=I+1

          END DO

          MPO=I-1

          REWIND KR(27)

		  if (allocated(IDOS).eqv..TRUE.)DEALLOCATE(IDOS)

		  if (allocated(SAV).eqv..TRUE.)DEALLOCATE(SAV)

		  if (allocated(NX).eqv..TRUE.)DEALLOCATE(NX)

          CALL ALLOCATE_PARMS

		  IF(MSA>100)THEN

			ALLOCATE(IDOS(MHY),SAV(MHY),NX(MSA))

		  ELSE

			ALLOCATE(IDOS(100),SAV(100),NX(100))

		  ENDIF

		  

          IF(IRUN==0)NBMX0=NBMX

          HED=(/" TMX"," TMN","SRAD","PRCP","SNOF","SNOM","WSPD","RHUM",&

          " VPD"," PET","  ET","  EP","   Q","  CN"," SSF"," PRK"," QDR",&

          "IRGA"," QIN","TLGE","TLGW","TLGQ","TLGF","  EI","   C","USLE",&

          "MUSL","REMX","MUSS","MUST","RUS2"," WK1","RHTT","RRUF","RGRF",&

          "YWND","  YN","  QN","SSFN","PRKN"," GMN","  DN","NFIX"," NMN",&

          "NITR","AVOL","QDRN","  YP","  QP"," MNP","PRKP","  ER"," FNO",&

          "FNMN","FNMA"," FPO"," FPL","LIME"," TMP","SW10","LGMI","LGMO",&

          " EPP","RSQI","RSQO","RSEV","RSLK","RSYI","RSYO","RSYD","DPRK",&

          "RSSF","RSDC","RSPC","PRKC","  QC","  YC","RSDA"," QFP","RSFN",&

          " MAP","BUNL"," QRF","QRFN","RFIC","RSBK","CPVH","YMNU","SNOU",&

          "SPOU","DNMO","DPMO","DEMR","P10D","SSFI","DPKN","CPVV"," FPF",&

          " FOC"," RFV","SCOU","DEPC","DECR","PSOQ","PSON","PSOP","    ",&

          " QPU","FALF","IRDL"," QRP"," YRP","YNRP","YPRP","QNRP","QPRP",&

          "WYLD"," YPM"," YPO","  SW","PSOY","PQPS","PYPS","    ","  QI",&

          "QARS","RFRA"," DN2","SLTI","SLTQ","SLTS","SLTF","SLTV","YNWN",&

          "YPWN","YCWN","PSO3","PSSP","YWKS","CBUR","GRZD","QRFP","QDRP",&

          "YTHS","YWTH","RSIR","EVRT"," FSK","YEFK"," QSK"," SSK"," VSK",&

          "SKOU","DN2O","ETM3","WLIR","GWTR","SMQN"/)

          HEDH=(/"  QI","  QO","  ET"," FPF","  YI","  YO","  CY","YONI",&

          "YONO","YOPI","YOPO","NO3I","NO3O","NH4I","NH4O","NO2I","NO2O",&

          " QPI"," QPO","ALGI","ALGO","BODI","BODO","DO2I","DO2O","QPSI",&

          "QPSO","YPSI","YPSO","RPST","VPST","DPST","WYLI","WYLO"," RFV"/)

          MASA=(/0,0,0,2,2,2,0,0,0,2, & !10  ! array for unit conversion of outputs 

                 0,0,2,0,2,2,2,2,2,2, & !20  !    fixed by Jaehak 2020:  143,62, 84, 88

                 2,2,2,0,0,1,1,1,1,1, & !30

                 1,0,0,0,0,1,1,1,1,1, & !40

                 0,1,1,0,1,1,1,1,1,1, & !50

                 1,0,1,1,1,1,1,0,0,0, & !60

                 0,0,0,2,2,2,2,1,1,1, & !70

                 2,2,1,1,1,1,1,0,0,1, & !80

                 1,0,2,1,0,0,0,1,0,0, & !90

                 0,0,0,0,0,1,0,0,0,0, & !100

                 0,0,0,0,0,0,0,0,0,2, & !110

                 2,0,0,0,0,0,2,1,1,0, & !120

                 0,0,0,0,0,0,0,1,0,0, & !130

                 0,0,1,1,1,1,0,0,0,0, & !140

                 0,0,1,0,0,0,2,0,0,0, & !150

                 0,0,0,1,2,0,0,0/)      !158



          DO I=1,MHX

	          IHX(I)=I

          END DO		 

          J=101

          J1=2*MSA+MSO       	 

          DO I=1,J1

	          KW(I)=J

     	      J=J+1

          END DO

          KFL=KFL0

          IF(KFL(14)>0)OPEN(KW(14),FILE='APEXBUF.OUT')

          CALL OPENF(ASTN)

	      NBYR=NBY0

	      NGN=NGN0

          DO I=1,60

              TITLE(I)='    '

          END DO

          IF(KFL(1)>0)WRITE(KW(1),508)'FSITE',FSITE,'FSUBA',FSUBA,'FWPM',&

          FWPM,'FWIND',FWIND,'FCROP',FCROP,'FTILL',FTILL,'FPEST',FPEST,&

          'FFERT',FFERT,'FSOIL',FSOIL,'FOPSC',FOPSC,'FTR55',FTR55,&

          'FPARM',FPARM,'FMLRN',FMLRN,'FPRNT',FPRNT,'FHERD',FHERD,&

          'FWLST',FWLST,'FPSOD',FPSOD,'FRFDT',FRFDT,'FLWE',FLWE

          KGN=0

	      CALL AINLZ

          CALL AINIX

	      DO J=1,NRN0

              IDG(J)=J

          END DO

          IF(KFL(49)<0)THEN

              OPEN(KW(49),FILE='RUN1501.SUM')

          ELSE

              OPEN(KW(49),FILE='RUN1501.SUM',ACCESS='APPEND')

          END IF

          IRUN=IRUN+1

          IF(IRUN==1)THEN

              CALL ATIMER(0)

              CALL APAGE(0)

              IF(KFL(1)>0)WRITE(KW(1),2570)

              IF(KFL(49)<0)THEN

                  WRITE(KW(49),'(//10X,A)')'APEX1501 RUN1501.SUM'

                  WRITE(KW(49),104)HED(4),HED(13),HED(16),HED(24),&

                  HED(25),HED(26),HED(27),HED(28),HED(29),HED(30)

              END IF    

              DO I=1,2

                  DO J=1,35

                      SCRX(J,I)=SCRP(J,I)

                  END DO

              END DO        

              DO I=1,34

                  IF(SCRP(I,1)<1.E-10)CYCLE

                  X1=ASPLT(SCRP(I,1))

                  X2=ASPLT(SCRP(I,2))

                  IF(I==13)THEN

                      SRNG(I)=SCRP(I,2)-SCRP(I,1)

                      SCMN(I)=SCRP(I,1)

                      SCRP(I,1)=.01

                      SCRP(I,2)=.99

                  END IF    

                  CALL ASCRV(SCRP(I,1),SCRP(I,2),X1,X2,SCLM,I,KW(1))

              END DO

              DO J=1,35

                  IF(KFL(1)>0)WRITE(KW(1),2540)J,PRMT(J),(SCRX(J,I),I=1,2),(SCRP(J,I),I=1,2)

              END DO

              DO J=31,SIZE(PRMT)

                  IF(KFL(1)>0)WRITE(KW(1),2540)J,PRMT(J)

              END DO

              LGRZ=PRMT(60)

          END IF

          RHS=PRMT(100)

          RHP=PRMT(101)

          CRLNC=PRMT(102) 

          CRUNC=PRMT(103)

          WKA=PRMT(104)

          WNCMIN=PRMT(105)

          WNCMAX=PRMT(106)

          VMU=PRMT(107)

          WKMNH3=PRMT(108)

          WKMNO2=PRMT(109)

          WKMNO3=PRMT(110)                                                                        

    !     TITLE = PROBLEM DESCRIPTION( 3 LINES)

    !     LINES 1/3

          READ(KR(1),3090)TITLE

    !  1  YLAT = LATITUDE(deg)

    !  2  XLOG = LONGITUDE(deg)

    !  3  ELEV = ELEVATION OF WATERSHED (m)

    !  4  APM  = PEAK RATE - EI ADJUSTMENT FACTOR (BLANK IF UNKNOWN)

    !  5  CO2X = CO2 CONCENTRATION IN ATMOSPHERE (ppm)--NON ZERO VALUE

    !            OVERRIDES CO2 INPUT IN APEXCONT.DAT

    !  6  CQNX = CONC OF NO3 IN IRRIGATION WATER (ppm)--NON ZERO VALUE

    !            OVERRIDES CNO30 INPUT IN APEXCONT.DAT 

    !  7  RFNX = AVE CONC OF N IN RAINFALL (ppm)

    !  8  UPR  = MANURE APPL RATE TO SUPPLY P UPTAKE RATE (kg/ha/y)

    !  9  UNR  = MANURE APPL RATE TO SUPPLY N UPTAKE RATE (kg/ha/y)

    ! 10  FIR0 = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)

    !     LINE 4

          READ(KR(1),3120)YLAT,XLOG,ELEV,APM,CO2X,CQNX,RFNX,UPR,UNR,FIR0

    ! 1/5 X1/X5= DUMMY  

    !  6  GWSP = GROUND WATER SLOPE (m/m)

    ! 7/8 X7/X8= DUMMY

    !  9  BCHL = SWAT BASIN CHANNEL LENGTH(km) 

    ! 10  BCHS = SWAT BASIN CHANNEL SLOPE(m/m)

    !     LINE 5

          READ(KR(1),3120)X1,X2,X3,X4,X5,GWSP,X7,X8,BCHL,BCHS

    !     LINE 6

          READ(KR(1),'()')

	      CO2=CO20

	      IF(CO2X>0.)CO2=CO2X

	      CQNI=CQN0

	      IF(CQNX>0.)CQNI=CQNX

          RFNC=RFN0

          IF(RFNX>0.)RFNC=RFNX

	      YLTR=YLAT/CLT

	      SIN1=SIN(YLTR)

          COS1=COS(YLTR)

          TAN1=TAN(YLTR)

          IF(DTG<1.E-10)DTG=1.

          NBDT=24./DTG+.9 

          CH=.4349*ABS(TAN1)

          IF(CH>=1.)THEN

              H=0.

          ELSE

              H=ACOS(CH)

          END IF

          CH=-CH

          IF(CH>=1.)THEN

              H1=0.

          ELSE

              IF(CH<=-1.)THEN

                  H1=3.1416

              ELSE

                  H1=ACOS(CH)

              END IF

          END IF  

          HLMX=7.72*H1

	      DO ISA=1,MSA

	          YTN(ISA)=TAN1

              YLS(ISA)=SIN1

              YLC(ISA)=COS1

              HLMN(ISA)=7.72*H

              DHL=.1*(HLMX-HLMN(ISA))

              JT1=1

              IF(YLAT<0.)JT1=6

              JDHU=400

              IF(HLMN(ISA)<=11.)CALL ADAJ(NC,JDHU,JT1,15,1)

              WDRM(ISA)=PRMT(6)+HLMN(ISA)

              HLMN(ISA)=HLMN(ISA)+MAX(DHL,PRMT(6))      

          END DO    

          IF(IWND>0)THEN

	          I2=-1

	          DO WHILE(I2/=IWND) 

                  READ(KR(19),*,IOSTAT=NFL)I2,WINDFILE

                  IF(NFL/=0)THEN

                      WRITE(*,*)'WIND NO = ',IWND,' NOT IN WIND LIST FILE'

                      STOP

                  END IF              

              END DO

          ELSE

              D0=1.E20

              DO 

                  READ(KR(19),*,IOSTAT=NFL)I2,OPSCFILE,Y,X

                  IF(NFL/=0)EXIT

                  RY=Y/CLT

	              XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XLOG)/CLT)

                  D=6378.8*ACOS(XX)

                  IF(D>D0)CYCLE

                  D0=D

                  WINDFILE=OPSCFILE

              END DO

          END IF

          REWIND KR(19)

          CALL OPENV(KR(22),WINDFILE,IDIR)

	      TITWN=WINDFILE

          READ(KR(22),'()')

          READ(KR(22),'()')

          IYR=IYR0

          IDA=IDA0

          IBDT=IDA+100*IMO+10000*IYR

          CALL AISPL(IPD,INP)

          IF(INP>0)THEN

              NOP=0

          ELSE

              NOP=1

              INP=1

          END IF

          IF(IPD<=5)IPYI=INP

          CALL APAGE(0)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3540)

              WRITE(KW(1),'(/1X,A)')'-----VARIABLE NAMES & UNIT CONVERSION CODE'

              WRITE(KW(1),2410)

              WRITE(KW(1),'(20(1X,A4,I2))')(HED(I),MASA(I),I=1,NSM)

          END IF    

          NDRV=DRV

          IF(YWI<1.E-10)YWI=10.

          IF(GWS0<1.E-5)GWS0=50.

          IF(RFT0<1.E-5)RFT0=10.

          IF(RFP0<1.E-5)RFP0=.5

          CALL APAGE(0)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3540)

              WRITE(KW(1),3110)NBYR,IYR,IMO,IDA

              IF(LPYR>0)THEN

                  WRITE(KW(1),'(T10,A)')'LEAP YEAR IGNORED'

              ELSE

                  WRITE(KW(1),'(T10,A)')'LEAP YEAR CONSIDERED'

              END IF

              WRITE(KW(1),3730)YLAT,XLOG,ELEV

          END IF    

          SELECT CASE(NDRV)

	          CASE(1)

                  NDVSS=31

	          CASE(2)

                  NDVSS=26

	          CASE(3)

	              NDVSS=29

	          CASE(4)

                  NDVSS=27

	          CASE(5)

                  NDVSS=30

	          CASE(6)

	              NDVSS=28

	      END SELECT

          IF(KFL(1)>0)THEN    

              WRITE(KW(1),'(T10,A,A4)')'WATER EROSION FACTORS--DRIVING EQ = ',&

              HED(NDVSS)

              WRITE(KW(1),'(T10,A)')'DAILY RUNOFF ESTIMATION'

              SELECT CASE(INFL)

              CASE(0)

                  WRITE(KW(1),'(T15,A)')'NRCS CURVE NUMBER EQ'

              CASE(1)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF EXP DST&

                  --PEAK RF RATE SIM'

              CASE(2)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF EXP DST&

                  --PEAK RF RATE INPUT'

              CASE(3)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF UNIF DST--&

                  PEAK RF RATE INP'

              CASE(4)

                  WRITE(KW(1),'(T15,A/T15,A,F6.3,A)')'GREEN & AMPT EQ','RF INPUT AT &

                  INTERVAL = ',DTHY,' h'

              END SELECT

              IF(ISCN==0)THEN

                  WRITE(KW(1),'(T15,A)')'DAILY CN--STOCHASTIC'

              ELSE

                  WRITE(KW(1),'(T15,A)')'DAILY CN--DETERMINISTIC'

              END IF

              SELECT CASE(ITYP)

                  CASE(1,2,3,4)

                      WRITE(KW(1),'(T10,A,A2)')'PEAK RATE EST WITH TR55--RF TYPE =',&

                      RFPT(ITYP)

                  CASE(-1)

                      WRITE(KW(1),'(T10,A)')'PEAK RATE MOD RATIONAL EQ - RIGID'

                  CASE(0)

                      WRITE(KW(1),'(T10,A)')'PEAK RATE MOD RATIONAL EQ - &

                      STOCHASTIC'

                  CASE(5)    

                      WRITE(KW(1),'(T10,A,F6.3)')'PEAK RATE SCS UNIT &

                      HYD EQ QPQ = ',QPQ

              END SELECT

          END IF    

          IF(QG>0.)THEN

              X2=(QG-8.96)**2/(QG+35.86)

              X1=.1732

              TCX=.0663*X1**.77/CHS0**.385

              QG0=.1*X2/TCX

              IF(KFL(1)>0)WRITE(KW(1),401)QG,X2,QCF,X1,CHS0,TCX,QG0,BWD,&

              FCW,FPS0,GWS0,RFT0,RFP0,PCO0,RCC0

          END IF

          SELECT CASE(IHY)

              CASE(1)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'VSC METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'VSC METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'VSC METHOD'

              CASE(2)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'SVS METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'SVS METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'SVS METHOD'

              CASE(3)    

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'M_CVC METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'M_CVC METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'M_CVC METHOD'

              CASE(4)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'M_CVC4 METHOD'    

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'M_CVC4 METHOD'    

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'M_CVC4 METHOD'    

              CASE DEFAULT

                  IF(KFL(1)>0)WRITE(KW(1),'(T10,A)')'RUNOFF VOLUME ROUTING'

           END SELECT

           IF(KFL(1)>0)THEN    

              IF(IPRK==0)THEN

                  WRITE(KW(1),'(T10,A)')'PERCOLATION--HPERC'

              ELSE

                  WRITE(KW(1),'(T10,A)')'PERCOLATION--HPERC1 (4mm SLUG FLOW)'

              END IF

              IF(IREM==0)THEN

                  WRITE(KW(1),'(T10,A)')'SSK FROM REMX'

              ELSE

                  WRITE(KW(1),'(T10,A)')'SSK FROM USLE'

              END IF        

              IF(IERT>0)THEN

                  WRITE(KW(1),'(T10,A)')'GLEAMS ENRICHMENT RATIO'

              ELSE

                  WRITE(KW(1),'(T10,A)')'EPIC ENRICHMENT RATIO'

              END IF

              IF(LBP==0)THEN   

                  WRITE(KW(1),'(T10,A)')'GLEAMS PESTICIDE EQ SOL P RUNOFF'

              ELSE

                  WRITE(KW(1),'(T10,A)')'LANGMUIR EQ SOL P RUNOFF'    

	          END IF

              IF(NUPC>0)THEN

                  WRITE(KW(1),'(T10,A)')'N & P UPTAKE CONC S CURVE'

              ELSE

                  WRITE(KW(1),'(T10,A)')'N & P UPTAKE CONC SMITH CURVE'

              END IF

              IF(ICP==0)THEN

                  WRITE(KW(1),'(T10,A)')'PHOENIX N-C MODEL'

              ELSE    

                  WRITE(KW(1),'(T10,A)')'CENTURY N-C MODEL'

              END IF    

              IF(IOX==0)THEN

                  WRITE(KW(1),'(T10,A)')'EPIC O2=F(Z)'

              ELSE

                  WRITE(KW(1),'(T10,A)')'O2=F(C/CLA)'

              END IF

              IF(NTV==0)THEN

                  WRITE(KW(1),'(T10,A)')'ORIGINAL APEX NITVOL EQS'

              ELSE                                          

                  WRITE(KW(1),'(T10,A)')'IZAURRALDE REVISED NITVOL EQS'

              END IF    

              SELECT CASE(IDNT)

                  CASE(1)	          

                      WRITE(KW(1),'(T10,A)')'EPIC DNIT'

                  CASE(2)              

	                  WRITE(KW(1),'(T10,A)')'KEMANIAN DNIT'                                                                                              	                                                                                     

                  CASE(3)

                      WRITE(KW(1),'(T10,A,F5.2,A)')'IZAURRALDE DNIT DZDN=',DZDN,' m'

                      WRITE(KW(1),'(T15,3(A,E16.6)A)')'XKN1=',XKN1,' XKN3=',XKN3,&

                      ' XKN5=',XKN5,' ORIGINAL DW'                                                          

                      IF(JRRS==0.)THEN

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION CALCULATED IN NDNITCI'

                      ELSE                                                              

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION NOT CONSIDERED IN NDNITCI'                       

                      END IF

                  CASE(4)

                      WRITE(KW(1),'(T10,A,F5.2,A)')'IZAURRALDE DNIT DZDN=',DZDN,' m'

                      WRITE(KW(1),'(T15,3(A,E16.6)A)')'XKN1=',XKN1,' XKN3=',XKN3,&

                      ' XKN5=',XKN5,' NEW DW'

                      IF(JRRS==0.)THEN

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION CALCULATED IN NDNITCI'

                      ELSE                                                              

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION NOT CONSIDERED IN NDNITCI'                       

                      END IF

                  CASE DEFAULT

                      WRITE(KW(1),'(T10,A)')'KEMANIAN DNIT'

                      !IDNT=2                                                                                              	                                                                                     

              END SELECT

              IF(ISLF>0)THEN

                  WRITE(KW(1),'(T10,A)')'MUSLE SLOPE/LENGTH FACTOR'

              ELSE

                  WRITE(KW(1),'(T10,A)')'RUSLE SLOPE/LENGTH FACTOR'

              END IF

              IF(PRMT(81)>0)THEN

                  WRITE(KW(1),'(T10,A)')'DYNAMIC TECHNOLOGY'

              ELSE

                  WRITE(KW(1),'(T10,A)')'STATIC TECHNOLOGY'

              END IF

              WRITE(KW(1),412)LPD,MSCP

              WRITE(KW(1),2450)APM,RFNC,CQNI,UPR,UNR,MNUL

	          WRITE(KW(1),330)COL,COIR,FULP,WAGE

              WRITE(KW(1),12)COCH

          END IF    

          RFNC=RFNC/1000.

          CQNI=CQNI*.01

          IF(KFL(1)>0)THEN

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'____________________WEATHER DATA_________&

              ______________'

              WRITE(KW(1),3750)CO2

              SELECT CASE(ICO2)

	              CASE(1)

                      WRITE(KW(1),'(T10,A)')'DYNAMIC ATMOSPHERIC CO2'

                  CASE(2)          

                      WRITE(KW(1),'(T10,A)')'ATMOSPHERIC CO2 INPUT'

                  CASE DEFAULT

                      WRITE(KW(1),'(T10,A)')'STATIC ATMOSPHERIC CO2'

              END SELECT

              WRITE(KW(1),2520)YWI

          END IF    

          XY2=.5/YWI

          SUM=0.

          IWPX=IWPM(1)

          ! WEATHER PARM # (FROM WPM1US.DAT) FOR SPATIAL WEATHER GENERATION

          ! LINE 7

          READ(KR(1),811)(IWPM(J),J=1,10)

          DO J=1,10

              IF(IWPM(J)==0)EXIT

          END DO

          NWP=J-1

          ! FRACTION OF WSA REPRESENTED BY IWPM. FOR SPATIAL WEATHER GENERATION

          ! LINE 8

          READ(KR(1),3120)(FWXP(J),J=1,NWP)

          IF(NWP>1)THEN

              DO J=1,NWP

                  SUM=SUM+FWXP(J)

              END DO

              XX=0.

              DO J=1,NWP

                  FWXP(J)=FWXP(J)/SUM

                  AWXP(J)=FWXP(J)+XX

                  XX=AWXP(J)

              END DO

          ELSE

              FWXP(1)=1.

          END IF

          IF(IWPM(1)==0)IWPM(1)=IWPX

          K=35

          NWP=MAX(1,NWP)

          DO IWI=1,NWP

              IF(IWI>1.OR.IWPM(1)>0)THEN

                  I2=-1 

                  DO WHILE(I2/=IWPM(IWI))

                      READ(KR(18),*,IOSTAT=NFL)I2,WPMFILE

                      IF(NFL/=0)THEN

                          WRITE(*,*)'WPM1 NO = ',IWPM(IWI),' NOT IN MO WEATHER LIST FILE'

                          STOP

                      END IF

                  END DO

              ELSE

                  D0=1.E20

                  DO 

	                  READ(KR(18),*,IOSTAT=NFL)I2,OPSCFILE,Y,X

	                  IF(NFL/=0.OR.I2==0)EXIT

	                  RY=Y/CLT

	                  XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XLOG)/CLT)

                      D=6378.8*ACOS(XX)

                      IF(D>D0)CYCLE

                      D0=D

                      WPMFILE=OPSCFILE

                  END DO

              END IF          

              REWIND KR(18)

              CALL OPENV(KR(K),WPMFILE,IDIR)

	          TITWP(IWI)=WPMFILE

              !     LINES 1/2

              READ(KR(K),'()')

              READ(KR(K),'()')

              !  3  OBMX   = AV MO MAX TEMP (c)

              !  4  OBMN   = AV MO MIN TEMP (c)

              !  5  SDTMX  = MO STANDARD DEV MAX TEMP (c)OR EXTREME MAXIMUM TEMP (c)

              !              IF STANDARD DEV IS NOT AVAILABLE (BLANK IF TEMP IS INPUT

              !              DAILY)

              !  6  SDTMN  = MO STANDARD DEV MIN TEMP (c)OR EXTREME MIN TEMP (c)

              !              IF STANDARD DEV IS NOT AVAILABLE (BLANK IF TEMP IS INPUT

              !              DAILY)

              !  7  RMO    = AV MO PRECIPITATION (mm)

              !  8  RST(2) = MONTHLY ST DEV OF DAILY RAINFALL (mm)(BLANK IF UNKNOWN

              !              OR IF DAILY PRECIPITATION IS INPUT)

              !  9  RST(3) = MONTHLY SKEW COEF OF DAILY RAINFALL (BLANK IF UNKNOWN OR

              !              DAILY PRECIPITATION IS INPUT)

              ! 10  PRW(1) = MONTHLY PROBABILITY OF WET DAY AFTER DRY DAY (BLANK IF

              !              UNKNOWN OR IF DAILY PRECIPITATION IS INPUT)

              ! 11  PRW(2) = MONTHLY PROBABILITY OF WET DAY AFTER WET DAY (BLANK IF

              !              UNKNOWN OR IF DAILY PRECIPITATION IS INPUT)

              ! 12  UAVM   = AV NO DAYS OF PRECIPITATION/MO (BLANK IF PRECIP IS

              !              GENERATED AND IF PRW 1&2 ARE INPUT)

              ! 13  WI     = 3 OPTIONS--(1)MO MAX .5 H RAIN FOR PERIOD = YWI (mm)

              !                         (2)ALPHA (MEAN .5 H RAIN/MEAN STORM

              !                             AMOUNT)

              !                         (3)BLANK IF UNKNOWN

              ! 14  OBSL   = AV MO SOL RAD (MJ/m2 OR LY)(BLANK IF UNKNOWN)

              ! 15  RH     = 3 OPTIONS--(1)AV MO RELATIVE HUMIDITY (FRACTION)

              !                         (2)AV MO DEW POINT TEMP deg C

              !                         (3)BLANK IF UNKNOWN

              !              USED IN PENMAN OR PENMAN-MONTEITH EQS

              ! 16  UAV0   = AV MO WIND SPEED(m/s)



              !Check the format of the wp1 first and read monthly values. Jaehak 2019

              READ(KR(K),'(A10)')TMPSTR

              Read (TMPSTR,'(F10.0)',iostat=io) TMPFL

              IF( io/= 0)THEN

                  FMT='(12F6.0)'

              ELSE

                  FMT='(12F10.0)'

              ENDIF

              BACKSPACE(KR(K))

              

              READ(KR(K),FMT)(OBMX(IWI,I),I=1,12)

              READ(KR(K),FMT)(OBMN(IWI,I),I=1,12)

              READ(KR(K),FMT)(SDTMX(IWI,I),I=1,12)

              READ(KR(K),FMT)(SDTMN(IWI,I),I=1,12)

              READ(KR(K),FMT)(RMO(IWI,I),I=1,12)

              READ(KR(K),FMT)(RST(2,IWI,I),I=1,12)

              READ(KR(K),FMT)(RST(3,IWI,I),I=1,12)

              READ(KR(K),FMT)(PRW(1,IWI,I),I=1,12)

              READ(KR(K),FMT)(PRW(2,IWI,I),I=1,12)

              READ(KR(K),FMT)(UAVM(I),I=1,12)

              READ(KR(K),FMT)(WI(IWI,I),I=1,12)

              READ(KR(K),FMT)(OBSL(IWI,I),I=1,12)

              READ(KR(K),FMT)(RH(IWI,I),I=1,12)

              READ(KR(K),FMT)(UAV0(I),I=1,12)

              REWIND KR(K)

              K=K+1

              IF(IWI==1)THEN

	              TAV(1)=.25*(OBMX(IWI,12)+OBMN(IWI,12)+OBMX(IWI,1)+OBMN(IWI,1))

	              BAV=TAV(1)

                  SVA=BAV   

                  JT1=1

                  IF(OBMN(IWI,1)>OBMN(IWI,12))JT1=12

                  TMN(1)=OBMN(IWI,JT1)

                  DO I=2,12

                      I1=I-1

	                  TAV(I)=.25*(OBMX(IWI,I)+OBMN(IWI,I)+OBMX(IWI,I1)+OBMN(IWI,I1))

	                  IF(TAV(I)>BAV)THEN

                          BAV=TAV(I)                   

                      ELSE

                          IF(TAV(I)<SVA)SVA=TAV(I)

                      END IF

                      IF(OBMN(IWI,I)>TMN(1))CYCLE

                      JT1=I

                      TMN(1)=OBMN(IWI,I)

                  END DO

              END IF

              RHCF=1.

              AMPX=BAV-SVA

              DO I=1,12

	              IF(RST(2,IWI,I)<1.E-5.OR.RST(3,IWI,I)<1.E-5)EXIT

	          END DO

	          IF(I>12)THEN

                  ICDP=0

              ELSE

                  ICDP=1

                  SUM=0.

                  DO I=1,10000

                      XX=AUNIF(IDG(3))

                      SUM=SUM+(-LOG(XX))**EXPK

                  END DO

                  REXP=10100./SUM

              END IF

              ISA=1

              DO I=1,12

                  I1=I+1

                  XM=NC(I1)-NC(I)

                  JDA=(NC(I1)+NC(I))*.5

                  CALL WHLRMX(JDA)

                  SRMX(I,1)=RAMX

                  THRL(I,1)=HRLT

                  XYP(I)=0.

                  XX=SDTMX(IWI,I)-SDTMN(IWI,I)

                  IF(XX>10.)THEN

                      SDTMX(IWI,I)=(SDTMX(IWI,I)-OBMX(IWI,I))*.25

                      SDTMN(IWI,I)=(OBMN(IWI,I)-SDTMN(IWI,I))*.25

                  END IF

                  IF(PRW(1,IWI,I)>0.)THEN

                      UAVM(I)=XM*PRW(1,IWI,I)/(1.-PRW(2,IWI,I)+PRW(1,IWI,I))

                  ELSE

                      PRW(1,IWI,I)=BTA*(UAVM(I)+.0001)/XM

                      PRW(2,IWI,I)=1.-BTA+PRW(1,IWI,I)

                  END IF

                  RST(1,IWI,I)=RMO(IWI,I)/(UAVM(I)+.01)

                  IF(OBSL(IWI,I)<=0.)THEN                                                         

	                  X1=MAX(.8,.21*SQRT(OBMX(IWI,I)-OBMN(IWI,I)))                                                                                    

	                  OBSL(IWI,I)=X1*RAMX                                                                

	              END IF 

                  V3=AUNIF(IDG(3))

                  IF(ICDP>0)THEN

                      RST(1,IWI,I)=RST(1,IWI,I)*REXP

                      PCF(IWI,I)=1.

                      CYCLE

                  END IF

                  SUM=0.

                  R6=RST(3,IWI,I)/6.

                  DO J=1,1000

                      V4=AUNIF(IDG(3))

                      XX=ADSTN(V3,V4)

                      V3=V4

                      R1=WRAIN(R6,XX,RST,IWI,I)

                      SUM=SUM+R1

                  END DO

                  PCF(IWI,I)=1010.*RST(1,IWI,I)/SUM

              END DO          

              XYP(1)=OBMX(IWI,1)

              BIG(1)=OBSL(IWI,1)

              UPLM=RH(IWI,1)

              BLM=RH(IWI,1)

              RFMX=RMO(IWI,1)

              EXTM=WI(IWI,1)

              RHCF=1. 

              DO I=2,12

                  TX=.5*(OBMX(IWI,I)+OBMN(IWI,I))

                  RTO=RH(IWI,I)/TX

                  IF(RTO>1.)RHCF=100.

                  IF(OBSL(IWI,I)>BIG(1))BIG(1)=OBSL(IWI,I)

                  IF(RMO(IWI,I)>RFMX)RFMX=RMO(IWI,I)

                  IF(RH(IWI,I)>UPLM)THEN

                      UPLM=RH(IWI,I)

                  ELSE

                      IF(RH(IWI,I)<BLM)BLM=RH(IWI,I)

                  END IF

                  IF(WI(IWI,I)>EXTM)EXTM=WI(IWI,I)

                  XYP(1)=XYP(1)+OBMX(IWI,I)

              END DO

              RUNT=1.

              IF(BIG(1)>100.)RUNT=.04184

              XYP(1)=XYP(1)/12.

              X3=.3725/(XYP(1)+20.)

              DO I=1,12

                  XM=NC(I+1)-NC(I)

                  WFT(IWI,I)=UAVM(I)/XM

                  XYP(2)=XYP(2)+OBMN(IWI,I)

                  XYP(3)=XYP(3)+RMO(IWI,I)

                  XYP(4)=XYP(4)+UAVM(I)

                  OBSL(IWI,I)=RUNT*OBSL(IWI,I)

                  XYP(5)=XYP(5)+OBSL(IWI,I)

                  X1=MAX(RMO(IWI,I),12.7)

                  TX=.5*(OBMX(IWI,I)+OBMN(IWI,I))

                  IF(UPLM>1.)THEN

                      IF(BLM<0..OR.RHCF<1.1)THEN

                          RH(IWI,I)=ASVP(RH(IWI,I)+273.)/ASVP(TX+273.)

                      ELSE

                          RH(IWI,I)=RH(IWI,I)/RHCF

                      END IF

                  ELSE

                      IF(RH(IWI,I)<1.E-10)THEN

                          XX=OBMX(IWI,I)-OBMN(IWI,I)

                          RH(IWI,I)=.9-.8*XX/(XX+EXP(5.122-.1269*XX))

                      END IF

                  END IF              

                  X2=MAX(TX,-1.7)

                  XYP(6)=XYP(6)+((X1/25.4)/(1.8*X2+22.))**1.111

                  X1=RMO(IWI,I)/(UAVM(I)+1.E-10)

                  IF(EXTM>1.)THEN

                      F=XY2/(UAVM(I)+.01)

                      XTP(I)=WI(IWI,I)

                      WI(IWI,I)=-XTP(I)/LOG(F)

                      WI(IWI,I)=APM*WI(IWI,I)/(X1+1.)

                      IF(WI(IWI,I)<.1)WI(IWI,I)=.1

                      IF(WI(IWI,I)>.95)WI(IWI,I)=.95

                  ELSE

                      IF(EXTM<1.E-10)WI(IWI,I)=APM*X3*(OBMX(IWI,I)+20.)

                      XTP(I)=5.3*X1*WI(IWI,I)

                  END IF

              END DO          

              XYP(2)=XYP(2)/12.

              XYP(5)=XYP(5)/12.

              XYP(6)=115.*XYP(6)

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),3050)

                  WRITE(KW(1),602)TITWP(IWI),FWXP(IWI)

                  WRITE(KW(1),3300)HED(1),(OBMX(IWI,I),I=1,12),XYP(1),HED(1)

                  WRITE(KW(1),3300)HED(2),(OBMN(IWI,I),I=1,12),XYP(2),HED(2)

                  WRITE(KW(1),3010)'SDMX',(SDTMX(IWI,I),I=1,12),'SDMX'

                  WRITE(KW(1),3010)'SDMN',(SDTMN(IWI,I),I=1,12),'SDMN'

                  WRITE(KW(1),2550)HED(4),(RMO(IWI,I),I=1,12),XYP(3),HED(4)

                  WRITE(KW(1),3440)'SDRF',(RST(2,IWI,I),I=1,12),'SDRF'

                  WRITE(KW(1),3010)'SKRF',(RST(3,IWI,I),I=1,12),'SKRF'

                  WRITE(KW(1),3460)'PW/D',(PRW(1,IWI,I),I=1,12),'PW/D'

                  WRITE(KW(1),3460)'PW/W',(PRW(2,IWI,I),I=1,12),'PW/W'

                  WRITE(KW(1),3300)'DAYP',(UAVM(I),I=1,12),XYP(4),'DAYP'

                  WRITE(KW(1),3440)'P5MX',(XTP(I),I=1,12),'P5MX'

                  WRITE(KW(1),2550)HED(3),(OBSL(IWI,I),I=1,12),XYP(5),HED(3)

                  WRITE(KW(1),3440)'RAMX',(SRMX(I,1),I=1,12),'RAMX'

                  WRITE(KW(1),3010)'HRLT',(THRL(I,1),I=1,12),'HRLT'

                  WRITE(KW(1),3010)'RHUM',(RH(IWI,I),I=1,12),'RHUM'

                  WRITE(KW(1),3010)'ALPH',(WI(IWI,I),I=1,12),'ALPH'

                  WRITE(KW(1),3010)' PCF',(PCF(IWI,I),I=1,12),' PCF'

              END IF    

          END DO

          KND=K-1

          IWI=NWP

          IF(NGN<=0)THEN

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(/T10,A)')'__________RAIN, TEMP, RAD, WIND &

                  SPEED, & REL HUM ARE GENERATED__________'

                  IF(NGN<0)THEN

                      WRITE(KW(1),'(T10,A)')'RAINFALL IS SAME FOR ALL SUBAREAS'

                  ELSE

                      WRITE(KW(1),'(T10,A)')'RAINFALL IS SPATIALLY DISTRIBUTED'

                  END IF

              END IF    

          ELSE

              L=1

              N1=NGN

              DO J=4,1,-1

                  CALL AISPL(N1,N2)

                  IF(N1==0)EXIT

                  KGN(N1)=1

                  SELECT CASE(N1)

	                  CASE(1)

	                      N1=N2

	                      CYCLE

	                  CASE(2)

	                      KDT2(L)=59

	                  CASE(3)

	                      KDT2(L)=3

	                  CASE(4)

	                      KDT2(L)=7

	                  CASE(5)

	                      KDT2(L)=8

	                  CASE DEFAULT

	              END SELECT

                  L=L+1

                  N1=N2

              END DO

              IF(KFL(1)>0)THEN

                  SELECT CASE(L)

                      CASE(1)

                          WRITE(KW(1),'(/T10,A)')'__________RAIN IS INPUT__________'

	                  CASE(2)

	                      WRITE(KW(1),'(/T10,A,1X,A4,A)')'__________RAIN,',HED&

	                      (KDT2(1)),' ARE INPUT__________'     

	                  CASE(3)

	                      WRITE(KW(1),3650)(HED(KDT2(J)),J=1,2)

	                  CASE(4)

	                      WRITE(KW(1),3660)(HED(KDT2(J)),J=1,3)

	                  CASE(5)

	                      WRITE(KW(1),3670)(HED(KDT2(J)),J=1,4)

                  END SELECT

              END IF        

	      END IF

	      IF(INFL==4)THEN

	          CALL OPENV(KR(29),FRFDT,IDIR)

	          I2=-1

              DO WHILE(I2/=IRFT) 

	              READ(KR(29),*,IOSTAT=NFL)I2,RFTFILE

                  IF(NFL/=0)THEN

                      WRITE(*,*)'RAINDT NO = ',IRFT,' NOT IN RFTFILE LIST FILE'

                      STOP

                  END IF

              END DO

              REWIND KR(29)

              CALL OPENV(KR(30),RFTFILE,IDIR)

              IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,A80)')'WITHIN STORM RAINFALL READ FROM ',RFTFILE

	      END IF

          ! ICMO=COMMAND NUMBERS OF WATERSHED OUTLETS

          ! LINE 9  

          READ(KR(1),811)ICMO

          DO I=1,10

              IF(ICMO(I)==0)EXIT

          END DO

          NCMO=I-1	      

          IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,F6.3)')'WET-DRY PROB COEF = ',BTA

          XTP(2)=XTP(2)/12.

          AAP=XYP(3)

          RFAD=AAP/365.25

          AVT=(XYP(1)+XYP(2))*.5

	      CLF=RFAD/AVT

          X1=MAX(1.,AVT)

	      CLF0=SQRT(AAP/X1)

          IF(UXP<1.E-10)UXP=.5

          IF(DIAM<1.E-10)DIAM=500.

          USTRT=.0161*SQRT(DIAM)

          USTT=USTRT*USTRT

          ! UAVM = AV MO WIND SPEED(m/s)(REQUIRED TO SIMULATE WIND

          ! EROSION--ACW>0 LINE 23  AND POTENTIAL ET IF PENMAN OR

          ! PENMAN-MONTEITH EQS ARE USED--LINE 4)

          ! LINE 7

          READ(KR(22),3191)UAVM

          AWV=0.

          WB=0.

          XTP=0.

          DO I=1,12

              IF(UAVM(I)<1.E-5)UAVM(I)=UAV0(I)

              AWV=AWV+UAVM(I)

              DO J=1,100

                  RN2=AUNIF(IDG(5))

                  WV=UAVM(I)*(-LOG(RN2))**UXP

                  IF(WV>6.)THEN

                      EV=193.*EXP(1.103*(WV-30.)/(WV+1.))

                      XTP(I)=XTP(I)+EV

                  END IF

              END DO

              WB=WB+XTP(I)

          END DO

          AWV=AWV/12.

          WCF=(3.86*AWV**3/XYP(6)**2)**.3484

          IF(KFL(1)>0)WRITE(KW(1),3300)HED(7),UAVM,AWV,HED(7)

          IF(IET==4.AND.PRMT(34)>0.)THEN

              HGX=PRMT(34)

          ELSE

              IF(WCF<.5)THEN

                  HGXW=.5

              ELSE

                  HGXW=MIN(.6,WCF)

              END IF    

              IF(CLF0>7.)THEN

                  HGX0=.5

              ELSE

                  HGX0=MIN(.6,1.2-.1*CLF0)

              END IF 

              HGX=.5*(HGXW+HGX0)       

          END IF                        

          ! DIR  = AV MO FRACTION OF WIND FROM 16 DIRECTIONS(BLANK UNLESS

          ! WIND EROSION IS SIMULATED--ACW>0 LINE 23).

          DO J=1,16

              ! LINES 25/40

              READ(KR(22),3191)(DIR(I,J),I=1,12)

              IF(DIR(1,J)>0.)CYCLE

              DO I=1,12

                  DIR(I,J)=1.

              END DO

          END DO        

          REWIND KR(22)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),'(/T10,A)')'WIND DIRECTION DISTRIBUTION'

              WRITE(KW(1),'(T20,A,A80)')'WIND = ',TITWN

              WRITE(KW(1),3280)NBYR

          END IF    

          XTP=0.

          DO I=1,12

              XTP(1)=XTP(1)+DIR(I,1)

              IF(UAVM(1)>0.)THEN

                  CALL AEXINT(UXP,SUM)

                  UAVM(I)=UAVM(I)/SUM

              END IF

              DO J=2,16

                  XTP(J)=XTP(J)+DIR(I,J)

                  DIR(I,J)=DIR(I,J)+DIR(I,J-1)

              END DO

              DO J=1,16

                  DIR(I,J)=DIR(I,J)/DIR(I,16)

              END DO

          END DO        

          SUM=0.

          DO J=1,16

              SUM=SUM+XTP(J)

          END DO

          DO J=1,16

              XTP(J)=XTP(J)/SUM

              IF(KFL(1)>0)WRITE(KW(1),3300)HEDW(J),(DIR(I,J),I=1,12),XTP(J),HEDW(J)

          END DO

          IF(KFL(1)>0)THEN

              WRITE(KW(1),'(T10,A,F7.3)')'WIND EROS CLIMATIC FACTOR = ',WCF                                                                              

              WRITE(KW(1),'(T10,A,F7.2)')'CLIMATIC FACTOR = ',CLF0

              SELECT CASE(IET)

                  CASE(1)

                      WRITE(KW(1),'(/T10,A)')'___________PENMAN-MONTEITH  EQ &

                      USED TO EST POT ET___________'

                  CASE(2)

                      WRITE(KW(1),'(/T10,A)')'___________PENMAN EQ USED TO EST &

                      POT ET___________'

                  CASE(3)

                      WRITE(KW(1),'(/T10,A)')'___________PRIESTLEY-TAYLOR EQ &

                      USED TO EST POT ET___________'

                  CASE(4)

                      WRITE(KW(1),'(/T10,A,F8.4,A,F5.2)')'___________HARGREAVES EQ USED TO &

                      EST POT ET ___________ PARM(23)=',PRMT(23),' PARM(34)=',HGX

                  CASE(5)

                      WRITE(KW(1),'(/T10,A)')'__________ BAIER-ROBERTSON EQ &

                      USED TO EST POT ET __________'

                  CASE DEFAULT

                      WRITE(KW(1),'(/T10,A,F8.4,A,F5.2)')'___________HARGREAVES EQ USED TO &

                      EST POT ET ___________ PARM(23)=',PRMT(23),' PARM(34)=',HGX

              END SELECT

          END IF        

          CALL ALPYR(IYR,NYD,LPYR)

	      CALL ADAJ(NC,IBD,IMO,IDA,NYD)

	      JDA=IBD

          MO=1

          CALL AXMON

          MO1=MO

          TX=(OBMX(1,MO)+OBMN(1,MO))/2.

          ST0=OBSL(1,MO)

          DST0=TX

          DO I=1,100

              KDC1(I)=0

              !NX(I)=I

          END DO

          DO I=1,MSA

              NX(I)=I

          END DO

     2140 LC=0

          NDT=0

          NDP=0

          NDF=0

          ISV=0

          X1=IWTB*RFAD

          DO I=1,MSA

              TITSO(I)=''

              TITOP(I)=''

              SMRF(I)=X1

              SMEO(I)=X1

              DO J=1,MSL

                  LID(J,I)=J

                  LORG(J,I)=J

              END DO

              LID(ML1,I)=ML1

          END DO

          CALL AINLZ

	      CALL AINIX

	      DO J=1,NRN0

              IDG(J)=J

          END DO

          IYX=IYR0-1880

          ! RANDOM NUMBER GENERATOR ID NUMBERS

          ! IDG = 1 DETERMINES WET AND DRY DAYS

          !     = 2 RELATES WEATHER VARIABLES TO RAIN

          !     = 3 RAINFALL AMOUNT

          !     = 4 RAINFALL ENERGY(EI)- PEAK RUNOFF RATE(QRB)

          !     = 5 WIND SPEED

          !     = 6 WIND DIRECTION

          !     = 7 RELATIVE HUMIDITY

          !     = 8 RUNOFF CURVE NUMBER

          !     = 9 WITHIN DAY WIND SPEED DIST

          !     =10 X COORDINATE OF SPATIAL RAINFALL GENERATOR

          !     =11 Y COORDINATE OF SPATIAL RAINFALL GENERATOR

          !     =12 MULTIPLE WEATHER GEN PARM SELECTOR

          !     =13 PADDY SEDIMENT CONC

          IF(IGN>0)THEN

              DO KK=1,IGN

                  DO J=1,NRN0

                      XX=AUNIF(NRNG)

                      IX(J)=IX(NRNG)

                  END DO

              END DO        

              CALL AISHFL

          END IF

          DO J=1,NRN0

              IX0(J)=IX(J)

          END DO

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3070)IGN,(IX(IDG(I)),I=1,NRN0),(IDG(I),I=1,NRN0)

	          WRITE(KW(1),714)

          END IF    

  	      V3=AUNIF(IDG(3))

          V1=AUNIF(IDG(2))

          IF(IHRD>0)THEN 

	          IOW1=1

	          DO 

                  IHD=IHD+1

                  ! INITIAL HERD DATA

                  ! IDON = OWNER ID#

                  ! NCOW = NUMBER OF COWS PER HERD BY OWNER(HD)

                  ! IDMU = MANURE ID # (FERTCOM.DAT)

                  ! FFED = MINIMUM FRACTION OF DAY HERD IN FEEDING AREA.

                  ! GZRT = GRAZING RATE FOR EACH HERD (kg/hd/d)

                  ! DUMP = DAILY UNIT MANURE PROD(kg/hd/d)

                  ! VURN = VOLUME OF URINE (l/hd/d)

                  READ(KR(21),2320,IOSTAT=NFL)IOW,(XTP(J),J=1,6)

                  IF(NFL/=0)EXIT

	              IF(IOW==0.OR.IOW>MOW)EXIT

	              IF(IOW1/=IOW)THEN

	                  IOW1=IOW

                      IHD=1

	              END IF

                  NHRD(IOW)=NHRD(IOW)+1

	              NCOW(IHD,IOW)=XTP(1)

	              IDMU(IHD,IOW)=XTP(2)

	              FFED(IHD,IOW)=XTP(3)

	              GZRT(IHD,IOW)=XTP(4)

	              DUMP(IHD,IOW)=XTP(5)

	              VURN(IHD,IOW)=XTP(6)

                  NMC=NMC+NCOW(IHD,IOW)

                  IF(KFL(1)>0)WRITE(KW(1),646)IOW,IHD,NCOW(IHD,IOW),IDMU&

                  (IHD,IOW),(XTP(J),J=3,6)

              END DO

          END IF

          IF(IHRD<2)THEN    

              IHDM=1

              NHRD=1          

          END IF

          IF(KFL(1)>0)WRITE(KW(1),101)NMC

          IHBS=0

	      NYHO=0

          !IF(NMC>0)THEN

	          !IF(KFL(1)>0)WRITE(KW(1),713)

  	          !IYHO=1 

              ! HERD MANAGEMENT DATA

              ! READ OPERATION SCHEDULE

              ! 1    IOW  = OWNER NUMBER

              ! 2    IHD  = HERD NUMBER

              ! 3    I1   = YR OF BUY/SELL

              ! 4    I2   = MO OF BUY/SELL

              ! 5    I3   = DAY OF BUY/SELL

              ! 6    I4   = NUMBER OF ANIMALS IN HERD AFTER BUY/SELL

              !DO

                  !READ(KR(21),3100)IOW,IHD,I1,I2,I3,I4

	              !IF(IOW==0)EXIT

	              !IHBS(IHD,IOW)=IHBS(IHD,IOW)+1

	              !NHBS(IHD,IOW)=IHBS(IHD,IOW)

	              !NBSX(IHBS(IHD,IOW),IHD,IOW)=I4

       	          !IF(I1>IYHO(IHD,IOW))IYHO(IHD,IOW)=I1

	              !NYHO(IHD,IOW)=IYHO(IHD,IOW)

	              !IHDT(IHBS(IHD,IOW),IHD,IOW)=I1*10000+I2*100+I3

	              !IF(KFL(1)>0)WRITE(KW(1),848)I1,I2,I3,IOW,IHD,I4

	          !END DO

	      !END IF

  	      IYHO=1

          REWIND KR(21)

          IF(KFL(36)>0)THEN

              WRITE(KW(36),3381)IYER,IMON,IDAY,IT1,IT2,IT3

              WRITE(KW(36),'(T10,A,I4,1X,A,1X,A80)')'RUN # ',IRUN,'NAME',ASTN

          END IF

          K1=1

          SUMA=0.

          TOT=0.

	      NFED=0

          XCU=0.

          YCU=0.

          XCS=1.E10

          YCS=1.E10

          ELMN=1.E10

          XZP=0.

          TWMB=0.

	      NBON=0

	      TBTN=0.

	      NCP=1

          DO ISA=1,MSA  !SUBAREA LOOP

              KRST(ISA)=ISA+100000

              IBSA(ISA)=ISA

              JSA(ISA)=ISA

              XX=0.

              SUM=0.

              BIG(ISA)=.15

              RZ(ISA)=3.

              PAW(ISA)=0.

              RZSW(ISA)=0.

              PMX(ISA)=PRMT(43)

              ! NBSA=SUBAREA 

              ! LINE 1

              READ(KR(5),'(I8)')NBSA(ISA)

              IF(NBSA(ISA)==0)EXIT

              IF(NBSA(ISA)>NBMX0)THEN

                  NBMX0=NBSA(ISA)

                  DEALLOCATE(NISA,FPSO)

                  ALLOCATE(NISA(NBMX),FPSO(NBMX))

              END IF

              ! SUBAREA DATA

              !  1  INPS = SOIL # FROM TABLE KR(13)

              !  2  IOPS = OP SCHED # FROM TABLE KR(15)

              !  3  IOW  = OWNER ID #

              !  4  II   = 0 FOR NON FEEDING AREAS

              !          = HERD # FOR FEEDING AREAS

              !  5  IAPL = 0 FOR NON MANURE APPL AREAS

              !          = - FEED AREA ID # FOR LIQUID MANURE APPL AREAS

              !          =   FEED AREA ID # FOR SOLID MANURE APPL AREAS

              !  6  NOT USED

              !  7  NVCN = 0 VARIABLE DAILY CN NONLINEAR CN/SW WITH DEPTH SOIL WATER

              !              WEIGHTING

              !          = 1 VARIABLE DAILY CN NONLINEAR CN/SW NO DEPTH WEIGHTING

              !          = 2 VARIABLE DAILY CN LINEAR CN/SW NO DEPTH WEIGHTING

              !          = 3 NON-VARYING CN--CN2 USED FOR ALL STORMS

              !          = 4 VARIABLE DAILY CN SMI(SOIL MOISTURE INDEX)

              !  8  IWTH = INPUT DAILY WEATHER STATION NUMBER

              !  9  IPTS = POINT SOURCE NUMBER

              ! 10  ISAO = 0 FOR NORMAL RES PRINCIPAL SPILLWAY RELEASE

              !          = ID OF SUBAREA RECEIVING OUTFLOW FROM BURRIED PIPE OUTLET

              ! 11  LUNS = LAND USE NUMBER FROM NRCS LAND USE-HYDROLOGIC SOIL GROUP

              !            TABLE.  OVERRIDES LUN IN .OPC FILE.  

              ! 12  IMW  = MIN INTERVAL BETWEEN AUTO MOW

              !     LINE 2

              READ(KR(5),*)INPS,IOPS,IOW,II,IAPL(ISA),I1,NVCN(ISA),IWTH(ISA),&

              IPTS(ISA),ISAO(ISA),LUNS(ISA),IMW(ISA)

              IF(IMW(ISA)==0)IMW(ISA)=IMW0 

              ! INITIAL CONDITIONS

              !  1  SNO  = WATER CONTENT OF SNOW COVER(mm)

              !  2  STDO = STANDING DEAD CROP RESIDUE(t/ha)

              !  3  YCT  = LATITUDE OF SUBAREA CENTROID

              !  4  XCT  = LONGITUDE OF SUBAREA CENTROID

              !  5  AZM  = AZIMUTH ORIENTATION OF LAND SLOPE (DEGREES CLOCKWISE FROM NORTH)

              !  6  SAEL = SUBAREA ELEVATION(m)

              !  7  FL   = FIELD LENGTH(km)(0 IF UNKNOWN)

              !  8  FW   = FIELD WIDTH(km)(0 IF UNKNOWN)

              !  9  ANGL = CLOCKWISE ANGLE OF FIELD LENGTH FROM NORTH(deg)(0 IF

              !            UNKNOWN)

              !     LINE 3

              READ(KR(5),*)SNO(ISA),STDO(ISA),YCT(ISA),XCT(ISA),AZM,SAEL,FL,FW,ANGL

              XCU=MAX(ABS(XCT(ISA)),XCU)

              XCS=MIN(ABS(XCT(ISA)),XCS)

              YCU=MAX(ABS(YCT(ISA)),YCU)

              YCS=MIN(ABS(YCT(ISA)),YCS)

              IF(SAEL<ELMN)THEN

                  ELMN=SAEL

                  KSA=ISA

              END IF    

              IF(FL<1.E-10)FL=FL0

              IF(FW<1.E-10)FW=FW0

              IF(ANGL<1.E-10)ANGL=ANG0

              IF(FL<1.E-10)FL=.632

              IF(FW<1.E-10)FW=.316

              ANG=ANGL/CLT

              IF(ABS(XCT(ISA))>0..OR.ABS(YCT(ISA))>0.)THEN

                  YLAZ=YCT(ISA)

              ELSE

                  YLAZ=YLAT

              END IF

              IF(IOW>NBON)NBON=IOW

              IDON(ISA)=IOW

              NSAO(IOW)=NSAO(IOW)+1

              IDOW(NSAO(IOW),IOW)=ISA

              IDFH(ISA)=II

              IF(II>0)THEN

                  IFED(II,IOW)=ISA

                  NFED(IOW)=NFED(IOW)+1

                  IDFD(NFED(IOW),IOW)=NBSA(ISA)

                  IDFA(NFED(IOW),IOW)=ISA

              END IF 

              IF(NVCN(ISA)==0)NVCN(ISA)=NVCN0

              WCHS=0.

              ! CATCHMENT CHARACTERISTICS

              !  1  WSA  = DRAINAGE AREA(ha)

              !  2  CHL  = CHANNEL LENGTH(km)(0 IF UNKNOWN)

              !  3  CHD  = CHANNEL DEPTH(m)(0 IF UNKNOWN)

              !  4  CHS  = CHANNEL SLOPE(m/m)(0 IF UNKNOWN)

              !  5  CHN  = MANNINGS N FOR CHANNEL(0 IF UNKNOWN)

              !  6  STP  = AVE UPLAND SLOPE(m/m)

              !  7  SPLG = AVE UPLAND SLOPE LENGTH(m)

              !  8  UPN  = MANNINGS N FOR UPLAND(0 IF UNKNOWN)

              !  9  FFPQ = FRACTION FLOODPLAIN FLOW--PARTITIONS FLOW THRU FILTER STRIPS

              ! 10  URBF = URBAN FRACTION OF SUBAREA

              !     LINE 4

              READ(KR(5),*)WSA(ISA),CHL(ISA),CHD,CHS(ISA),CHN(ISA),STP(ISA),&

              SPLG(ISA),UPN,FFPQ(ISA),URBF(ISA)

              IF(IAZM>0)THEN

                  X1=ASIN(STP(ISA))

                  YLAZ=YLAZ/CLT

                  AZR=AZM/CLT

                  YLAZ=CLT*ASIN(STP(ISA)*COS(AZR)*COS(YLAZ)+COS(X1)*SIN(YLAZ))

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(T10,A,F8.3)')'AZIMUTH ORIENTATION OF LAND SLOPE',&

                      '(DEGREES CLOCKWISE FROM NORTH)',AZM

                      WRITE(KW(1),'(T10,A,F8.3)')'EQUIVALENT LATITUDE = ',YLAZ

                  END IF    

              END IF

              XX=YLAZ/CLT

              YLS(ISA)=SIN(XX)

              YLC(ISA)=COS(XX)

              YTN(ISA)=TAN(XX)

              PB=101.3-ELEV*(.01152-5.44E-7*ELEV)

              GMA(ISA)=6.595E-4*PB

              IRF(ISA)=ISA

              IF(NGN>0)CALL WDLYSTA	

              AHSM=CAHU(1,365,0.,1)

              Z1=ABS(WSA(ISA))

              GRDL(ISA)=SQRT(Z1*1.E4)

              TOT=TOT+Z1

              X3=1.+Z1

              IF(STP(ISA)<1.E-10)STP(ISA)=.001

              ISCH=1

              IF(WSA(ISA)<0.)ISCH=0

              IF(CHD<1.E-10)CHD=COCH(3)*Z1**COCH(4)

              IF(CHL(ISA)<1.E-10)CHL(ISA)=COCH(5)*Z1**COCH(6)

              IF(CHN(ISA)<1.E-10)CHN(ISA)=.05

              IF(UPN<1.E-10)UPN=.15

              X8=SQRT(STP(ISA))

              X1=100.*STP(ISA)

              IF(SCLM(18)>0.)X1=MIN(X1,SCLM(18))

              CNSX(ISA)=1.1-.3*X1/(X1+EXP(SCRP(18,1)-SCRP(18,2)*X1))

              IF(PRMT(92)>0.)THEN

                  SCNX(ISA)=PRMT(92)

              ELSE

                  IF(SCLM(28)>0.)X1=MIN(X1,SCLM(28))

                  SCNX(ISA)=MIN(1.7,2.-X1/(X1+EXP(SCRP(28,1)-SCRP(28,2)*X1)))

                  SCNX(ISA)=MAX(1.,SCNX(ISA))

              END IF    

              IF(CHS(ISA)<1.E-10)CHS(ISA)=STP(ISA)*X3**(-.3)

              UPSX(ISA)=SPLG(ISA)/22.127

              XM=.3*STP(ISA)/(STP(ISA)+EXP(-1.47-61.09*STP(ISA)))+.2

              SLF(ISA)=UPSX(ISA)**XM*(STP(ISA)*(65.41*STP(ISA)+4.56)+.065)

              X1=3.*STP(ISA)**.8+.56

              BETA=STP(ISA)/(.0896*X1)

              RXM=BETA/(1.+BETA)

              RLF(ISA)=UPSX(ISA)**RXM

              IF(SPLG(ISA)>4.57)THEN

                  IF(STP(ISA)>.09)THEN

                      RSF(ISA)=16.8*STP(ISA)-.5 

                  ELSE

                      RSF(ISA)=10.8*STP(ISA)+.03

                  END IF

              ELSE    

                  RSF(ISA)=X1

              END IF

              ACET(1,ISA)=Z1

              ACET(2,ISA)=CHL(ISA)

              ACET(3,ISA)=CHD

              ACET(4,ISA)=CHS(ISA)

              ACET(5,ISA)=CHN(ISA)

              ACET(6,ISA)=STP(ISA)

              ACET(7,ISA)=SPLG(ISA)

              ACET(8,ISA)=UPN

              X1=MIN(SPLG(ISA),SQRT(10000.*Z1))

              IF(ITYP>0)THEN

                  IF(CHL(ISA)>.1)THEN

                      SFL=50.

                  ELSE

                      IF(CHL(ISA)>.05)THEN

                          SFL=100.*(CHL(ISA)-.05)

                      ELSE

                          SFL=0.

                      END IF

                  END IF

                  TSF=SFL/MIN(2160.,17712.*X8)

                  X1=MAX(CHL(ISA)-(SPLG(ISA)+SFL)*.001,0.)

                  TCC(ISA)=X1/(3.6*CHD**.66667*SQRT(CHS(ISA))/CHN(ISA))

                  TCS(ISA)=.0913*(SPLG(ISA)*UPN)**.8/STP(ISA)**.4

                  TCC(ISA)=TCC(ISA)+TSF

                  TC(ISA)=TCC(ISA)+TCS(ISA)

              ELSE

                  TCS(ISA)=.0216*(SPLG(ISA)*UPN)**.75/STP(ISA)**.375

                  TCC(ISA)=1.75*CHL(ISA)*CHN(ISA)**.75/(Z1**.125*CHS(ISA)**.375)

                  X4=MIN(SPLG(ISA)/360.,TCS(ISA))

                  TC(ISA)=X4+TCC(ISA)

              END IF

              ! CHANNEL GEOMETRY OF ROUTING REACH THRU SUBAREA

              !  1  RCHL = CHANNEL LENGTH OF ROUTING REACH(km)

              !  2  RCHD = CHANNEL DEPTH(m)(0 IF UNKNOWN)

              !  3  RCBW = BOTTOM WIDTH OF CHANNEL(m)(0 IF UNKNOWN)

              !  4  RCTW = TOP WIDTH OF CHANNEL(m)(0 IF UNKNOWN)

              !  5  RCHS = CHANNEL SLOPE(m/m)(0 IF UNKNOWN)

              !  6  RCHN = MANNINGS N VALUE OF CHANNEL(0 IF UNKNOWN)

              !  7  RCHC = USLE C FOR CHANNEL

              !  8  RCHK = USLE K FOR CHANNEL

              !  9  RFPW = FLOODPLAIN WIDTH(m)(0 IF UNKNOWN)

              ! 10  RFPL = FLOODPLAIN LENGTH(km)(0 IF UNKNOWN)

              ! 11  SAT1 = SATURARTED CONDUCTIVITY(GREEN & AMPT) ADJUSTMENT FACTOR(.01_10.)

              ! 12  FPS1 = FLOODPLAIN SATURARTED CONDUCTIVITY ADJUSTMENT FACTOR(.0001_10.)

              SAT1=0.

              FPS1=0.

              ! LINE 5

              READ(KR(5),*)RCHL(ISA),RCHD(ISA),RCBW(ISA),RCTW(ISA),RCHS(ISA),&

              RCHN(ISA),RCHC(ISA),RCHK(ISA),RFPW(ISA),RFPL(ISA),SAT1,FPS1

              IF(RCHC(ISA)<1.E-10)RCHC(ISA)=RCC0

              ! RESERVOIR DATA

              !  1  RSEE = ELEV AT EMERGENCY SPILLWAY ELEV(m)

              !  2  RSAE = SURFACE AREA AT EMERGENCY SPILLWAY ELEV(ha)

              !  3  RVE0 = VOLUME AT EMERGENCY SPILLWAY ELEV(mm)

              !  4  RSEP = ELEV AT PRINCIPAL SPILLWAY ELEV(m)

              !  5  RSAP = SURFACE AREA AT PRINCIPAL SPILLWAY ELEV(ha)

              !  6  RVP0 = VOLUME AT PRINCIPAL SPILLWAY ELEV(mm)

              !  7  RSV  = INITIAL VOLUME(mm)

              !  8  RSRR = TIME TO RELEASE FLOOD STORAGE(d)

              !  9  RSYS = INITIAL SEDIMENT CONCENTRATION(ppm)

              ! 10  RSYN = NORMAL SEDIMENT CONC(ppm)

              ! 11  RSHC = BOTTOM HYDRAULIC CONDUCTIVITY(mm/h)

              ! 12  RSDP = TIME REQUIRED TO RETURN TO NORMAL SED CONC AFTER RUNOFF

              !            EVENT(d)

              ! 13  RSBD = BULK DENSITY OF SEDIMENT IN RESERVOIR(t/m^3)

              ! 14  PCOF = FRACTION OF SUBAREA CONTROLLED BY PONDS

              ! 15  BCOF = FRACTION OF SUBAREA CONTROLLED BY BUFFERS

              ! 16  BFFL = BUFFER FLOW LENGTH (m)

              ! 17  WTMN = MIN DEPTH TO WATER TABLE(m)(0 IF UNKNOWN)

              ! 18  WTMX = MAX DEPTH TO WATER TABLE(m)(0 IF UNKNOWN)

              ! 19  WTBL = INITIAL WATER TABLE HEIGHT(m)(0 IF UNKNOWN)

              ! 20  GWST = GROUNDWATER STORAGE (mm)

              ! 21  GWMX = MAXIMUM GROUNDWATER STORAGE (mm)

              ! 22  RFTT = GROUNDWATER RESIDENCE TIME(d)(0 IF UNKNOWN)

              ! 23  RFPK = RETURN FLOW / (RETURN FLOW + DEEP PERCOLATION)

              ! LINE 6/7

              READ(KR(5),*)RSEE(ISA),RSAE(ISA),RVE0(ISA),RSEP(ISA),&

              RSAP(ISA),RVP0(ISA),RSV(ISA),RSRR(ISA),RSYS(ISA),RSYN(ISA),&

              RSHC(ISA),RSDP(ISA),RSBD(ISA),PCOF(ISA),BCOF(ISA),&

              BFFL(ISA),WTMN(ISA),WTMX(ISA),WTBL(ISA),GWST(ISA),&

              GWMX(ISA),RFTT(ISA),RFPK(ISA)

              SVX=0.

              IF(RCHL(ISA)<1.E-10)RCHL(ISA)=CHL(ISA)

              IF(RFPL(ISA)<1.E-10)RFPL(ISA)=.95*RCHL(ISA)

              IF(RSBD(ISA)<1.E-10)RSBD(ISA)=.8

              IF(ABS(RCHL(ISA)-CHL(ISA))<1.E-10)THEN

                  ! SUBAREA	

	              IEXT(ISA)=1

                  ISV=ISV+1

                  SAV(ISV)=SUMA

                  SUMA=Z1

                  ICDT(K1)=1

                  IDOT(K1)=K1

                  IDN1T(K1)=ISA

                  IDN2T(K1)=0

                  IDOS(ISV)=K1-1

                  TC(K1)=TC(ISA)

              ELSE

                  ! ROUTE      

                  SUMA=SUMA+Z1

                  ICDT(K1)=2

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=ISA

                  TC(K1)=TC(IDN1T(K1))

                  K1=K1+1

                  ! SUBAREA      

                  ICDT(K1)=1

                  IDOT(K1)=K1

                  IDN1T(K1)=ISA

                  IDN2T(K1)=0

                  TC(K1)=TC(ISA)

                  K1=K1+1

                  ! ADD      

                  ICDT(K1)=3

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=IDOT(K1-2)

                  TC(K1)=TC(IDN1T(K1))+TC(IDN2T(K1))

              END IF

              K1=K1+1

              IF(PCOF(ISA)<1.E-20)PCOF(ISA)=PCO0 

              X1=ABS(RSAE(ISA))

              ! RESERVOIR

              IF(X1>0.)THEN

                  ICDT(K1)=4

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

	              IDN2T(K1)=ISA

                  K1=K1+1

              ELSE

                  IF(PCOF(ISA)>0.)THEN

                      ! GENERIC PONDS

                      ICDT(K1)=5

                      IDOT(K1)=K1

                      IDN1T(K1)=IDOT(K1-1)

	                  IDN2T(K1)=ISA

                      K1=K1+1

	                  RVP0(ISA)=50.

                      RVE0(ISA)=55.

	                  RSV(ISA)=RVP0(ISA)

	                  XX=1000.*Z1*PCOF(ISA)

	                  IF(XX<260.)THEN

	                      RSAP(ISA)=3.E-5*XX

                      ELSE

	                      XX=XX-256.

	                      TW=.5*(16.+SQRT(XX))

	                      RSAP(ISA)=.0001*TW*TW

	                  END IF

                      RSAE(ISA)=1.01*RSAP(ISA)

	                  RSYS(ISA)=300.

	                  RSYN(ISA)=100.

	                  RSHC(ISA)=.00001

	                  RSDP(ISA)=5.

	                  RSBD(ISA)=.8

	                  RSRR(ISA)=20.

                  END IF    

              END IF    

              IF(ISCH==0)THEN

                  ! ADD      

                  WSA(ISA)=Z1

                  SUMA=SUMA+SAV(ISV)

                  ICDT(K1)=3

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=IDOS(ISV)

                  TC(K1)=TC(IDN1T(K1))+TC(IDN2T(K1))

                  SVX=SAV(ISV)

                  K1=K1+1

                  ISV=ISV-1

              END IF    

              RWSA(ISA)=SUMA-SVX

              X3=RWSA(ISA)

              X1=X3

              IF(RCHN(ISA)<1.E-10)RCHN(ISA)=.05

              IF(RCHL(ISA)<1.E-10)RCHL(ISA)=.001*GRDL(ISA)

              GRDL(ISA)=1.414*GRDL(ISA)

              X3=X3+1.

              IF(RCHS(ISA)<1.E-10)RCHS(ISA)=STP(ISA)*X3**(-.3)

              WCHS=WCHS+RCHS(ISA)*Z1

              RFPS(ISA)=RCHS(ISA)*RCHL(ISA)/RFPL(ISA)

              IF(QG>0.)THEN

                  QX=.002778*X1*QG0*(1./RWSA(ISA))**QCF

                  X1=BWD+2.

                  X1=(QX*RCHN(ISA)/(X1*(X1/(BWD+4.472))**.6667*SQRT(RCHS(ISA))))**&

                  .375

                  IF(RCBW(ISA)<1.E-10)RCBW(ISA)=BWD*X1

                  IF(RCTW(ISA)<1.E-10)RCTW(ISA)=RCBW(ISA)+4.*X1

                  IF(RCHD(ISA)<1.E-10)RCHD(ISA)=X1

                  IF(RFPW(ISA)<1.E-10)RFPW(ISA)=FCW*RCTW(ISA)

              ELSE

                  IF(RCTW(ISA)<1.E-10)RCTW(ISA)=COCH(1)*X3**COCH(2)

                  IF(RFPW(ISA)<1.E-10)RFPW(ISA)=10.*RCTW(ISA)

                  IF(RCHD(ISA)<1.E-10)RCHD(ISA)=COCH(3)*X3**COCH(4)

                  IF(RCBW(ISA)<1.E-10)RCBW(ISA)=MAX(RCTW(ISA)-4.*RCHD(ISA),.1*&

                  RCTW(ISA))

              END IF

              IF(RCBW(ISA)>RCTW(ISA))RCBW(ISA)=.75*RCTW(ISA)

              RFPX(ISA)=SQRT(RFPS(ISA))*RFPW(ISA)/UPN

              BFSN(ISA)=X8/UPN

              ZCH=RCHD(ISA)

              CBW=RCBW(ISA)

              RCSS(ISA)=.5*(RCTW(ISA)-CBW)/ZCH

              X3=SQRT(RCSS(ISA)*RCSS(ISA)+1.)

              RCHX(ISA)=SQRT(RCHS(ISA))/RCHN(ISA)

              CHXA(ISA)=ZCH*(CBW+ZCH*RCSS(ISA))

              CHXP(ISA)=CBW+2.*ZCH*X3

              QCAP(ISA)=CHXA(ISA)**1.66667*RCHX(ISA)/CHXP(ISA)**.66667

              WCHS=WCHS/TOT

              IF(IHY==3.AND.IEXT(ISA)==0)THEN

                  !XL=.001*SQRT(3.E4*RWSA(ISA))

                  !TCX=.0663*XL**.77/RCHS(ISA)**.385

                  !QPX=.9*RWSA(ISA)/TCX

                  !QPX=13.*SQRT(RWSA(ISA))

                  QPX=3591.

                  SSS=SQRT(RCSS(ISA)*RCSS(ISA)+1.)

                  !XCTW=RCTW(ISA)

                  !XFPW=RFPW(ISA)

                  CALL HQDAV(AO2,CBW,QPX,SSS,ZCH,ZI2,RCTW(ISA),RFPW(ISA),ISA)

                  !DZRT=ZI2/NPRC

                  DZRT=.3333333

                  CALL RATECVM_CM(CBW,DZRT,SSS,ZCH)

              END IF

              IF(KFL(28)>0.OR.KFL(5)>0)THEN

                  IF(BCHL>0..AND.BCHS>0.)THEN

                      WCHL=.3*SQRT(TOT/3.)

                      TCB=.0663*BCHL**.77/BCHS**.385

                      TCW=.0663*WCHL**.77/WCHS**.385

                      DRSW=MIN(.95,(TCW/TCB)**PRMT(37))

                      BS2=LOG10(DRSW)/2.699

                      BS1=1./.1**BS2

                  ELSE

                      BS1=0.

                      BS2=1.

                      DRSW=1.

                  END IF

              END IF

              IF(KFL(1)>0)WRITE(KW(1),'(T10,A,F8.4)')'DELIVERY RATIO TO SWAT = ',DRSW

              IF(ISOL==0)THEN

                  I2=-1

                  DO WHILE(I2/=INPS)

                      READ(KR(13),*,IOSTAT=NFL)I2,SOILFILE

                      IF(NFL/=0)THEN

                          WRITE(*,*)'SOIL NO = ',INPS,' NOT IN SOIL LIST FILE &

                          SAID = ',NBSA(ISA)

                          STOP

                      END IF

                  END DO

                  CALL OPENV(KR(14),SOILFILE,IDIR)

                  REWIND KR(13)

              ELSE

                  WRITE(ASOL,'(I8.8)')NBSA(ISA)

                  SOILFILE=ASOL//".SOT"

                  CALL OPENV(KR(14),SOILFILE,0)

              END IF

              TITSO(ISA)=SOILFILE

              ! LINE 1

              READ(KR(14),'()')

              ! SOIL PROPERTIES

              !  1  SALB = SOIL ALBEDO

              !  2  HSG  = HYDROLOGIC SOIL GROUP--1.=A; 2.=B; 3.=C; 4.=D

              !  3  FFC  = FRACTION OF FIELD CAP FOR INITAL WATER STORAGE(BLANK IF

              !            UNKNOWN)

              ! 4-10 DUM

              ! 11  TSLA = MAXIMUM NUMBER OF SOIL LAYERS(3-30)

              ! 12  XIDS = 0. FOR CALCAREOUS SOILS AND NON CALCAREOUS

              !                  WITHOUT WEATHERING INFORMATION

              !          = 1. FOR NON CACO3 SLIGHTLY WEATHERED

              !          = 2. NON CACO3 MODERATELY WEATHERED

              !          = 3. NON CACO3 HIGHLY WEATHERED

              !          = 4. INPUT PSP

              

                ! 13  RTN1 = NUMBER YEARS OF CULTIVATION AT START OF SIMULATION. BLANK                                                  

              !            DEFAULTS TO RTN0.                                                                              

              ! 14  XIDK = 1 FOR KAOLINITIC SOIL GROUP                                                                    

              !          = 2 FOR MIXED SOIL GROUP                                                                         

              !          = 3 FOR SMECTITIC SOIL GROUP                                                                     

              ! 15  ZQT  = MINIMUM THICKNESS OF MAXIMUM LAYER(m)(SPLITTING                                                

              !            STOPS WHEN ZQT IS REACHED)                                                                     

              ! 16  ZF   = MINIMUM PROFILE THICKNESS(m)--STOPS SIMULATION.                                                

              ! 17  ZTK  = MINIMUM LAYER THICKNESS FOR BEGINNING SIMULATION LAYER                                         

              !            SPLITTING--MODEL SPLITS FIRST LAYER WITH THICKNESS GREATER                                     

              !            THAN ZTK(m); IF NONE EXIST THE THICKEST LAYER IS SPLIT.                                        

              ! 18  FBM  = FRACTION OF ORG C IN BIOMASS POOL(.03-.05)                                                     

              ! 19  FHP  = FRACTION OF HUMUS IN PASSIVE POOL(.3-.7)                                                       

              ! 20  XCC  = CODE WRITTEN AUTOMATICALLY BY .SOT (NOT USER INPUT)                                            

              !     LINE 2/3                                                                                              

              READ(KR(14),3120)SALB(ISA),HSG,FFC(ISA),DUM,DUM,DUM,DUM,&

              DUM,DUM,DUM,TSLA(ISA),XIDS(ISA),RTN1,XIDK(ISA),ZQT,ZF,ZTK,&

              FBM(ISA),FHP(ISA),XCC                                                             

              NCC=XCC                                                                                                     

              IF(HSG<1.E-10.OR.HSG>4.)THEN                                                                                

                  WRITE(*,*)'HYDROLOGIC SOIL GROUP NO MISSING SOIL = ',SOILFILE                                           

                  STOP                                                                                                    

              END IF                                                                                                      

              GWSN(ISA)=0.                                                                                                

              IF(WTMX(ISA)<1.E-10)THEN                                                                                    

                  WTMN(ISA)=50.                                                                                           

                  WTMX(ISA)=100.                                                                                          

                  WTBL(ISA)=75.                                                                                           

              END IF                                                                                                      

              IDS(ISA)=XIDS(ISA)+1.1                                                                                      

              IF(RTN1<1.E-5)RTN1=RTN0                                                                                     

              IF(FBM(ISA)<1.E-10)FBM(ISA)=.04                                                                             

              IF(FHP(ISA)<1.E-10)FHP(ISA)=.7-.3*EXP(-.0277*RTN1)                                                          

              IF(GWST(ISA)<1.E-10)GWST(ISA)=GWS0                                                                          

              IF(GWMX(ISA)<1.E-10)GWMX(ISA)=GWS0                                                                          

              IF(RFPK(ISA)<1.E-10)RFPK(ISA)=RFP0                                                                          

              IF(FFC(ISA)<1.E-10)FFC(ISA)=AAP/(AAP+EXP(9.043-.002135*AAP))                                                

              IDSK=MAX(XIDK(ISA),1.)                                                                                      

              MXLA=TSLA(ISA)                                                                                              

              IF(ZQT<1.E-10)ZQT=.1                                                                                        

              IF(ZF<1.E-10)ZF=.1                                                                                          

              IF(ZTK<1.E-10)ZTK=.15                                                                                       

              IF(RFTT(ISA)<1.E-10)RFTT(ISA)=RFT0                                                                          

              ZNH3(ISA)=0.                                                                                                

              ZFOP(ISA)=0.                                                                                                

              ZLS(ISA)=0.                                                                                                 

              ZLM(ISA)=0.                                                                                                 

              ZLSL(ISA)=0.                                                                                                

              ZLSC(ISA)=0.                                                                                                

              ZLMC(ISA)=0.                                                                                                

              ZLSLC(ISA)=0.                                                                                               

              ZLSLNC(ISA)=0.                                                                                              

              ZBMC(ISA)=0.                                                                                                

              ZHSC(ISA)=0.                                                                                                

              ZHPC(ISA)=0.                                                                                                

              ZLSN(ISA)=0.                                                                                                

              ZLMN(ISA)=0.                                                                                                

              ZBMN(ISA)=0.                                                                                                

              ZHSN(ISA)=0.                                                                                                

              ZHPN(ISA)=0.                                                                                                

              !     READ SOIL DATA                                                                                        

              !     THE SOIL IS DIVIDED VERTICALLY INTO LAYERS(MAX OF 30 LAYERS                                           

              !     OF USER SPECIFIED THICKNESS).  DATA ARE INPUT 10 LAYERS AT A TIME.                                    

              !     THUS 10 VALUES OF THE FOLLOWING DATA ARE INPUT ON SPECIFIED LINES.                                    

              !     LINES 9/29 CONTAIN DATA FOR LAYERS 1/10                                                               

              !  4  Z    = DEPTH TO BOTTOM OF LAYERS(m)                                                                   

              !  5  BD   = BULK DENSITY(t/m3)                                                                             

              !  6  UW   = SOIL WATER CONTENT AT WILTING POINT(1500 KPA)(m/m)                                             

              !            (BLANK IF UNKNOWN)                                                                             

              !  7  FC   = WATER CONTENT AT FIELD CAPACITY(33KPA)(m/m)                                                    

              !            (BLANK IF UNKNOWN)                                                                             

              !  8  SAN  = % SAND                                                                                         

              !  9  SIL  = % SILT                                                                                         

              ! 10  WN   = INITIAL ORGANIC N CONC(g/t)       (BLANK IF UNKNOWN)                                           

              ! 11  PH   = SOIL PH                                                                                        

              ! 12  SMB  = SUM OF BASES(cmol/kg)              (BLANK IF UNKNOWN)                                          

              ! 13  WOC  = ORGANIC CARBON CONC(%)                                                                         

              ! 14  CAC  = CALCIUM CARBONATE(%)                                                                           

              ! 15  CEC  = CATION EXCHANGE CAPACITY(cmol/kg)(BLANK IF UNKNOWN)                                            

              ! 16  ROK  = COARSE FRAGMENTS(% VOL)              (BLANK IF UNKNOWN)                                        

              ! 17  CNDS = INITIAL SOL N CONC(g/t)            (BLANK IF UNKNOWN)                                          

              ! 18  SSF  = INITIAL SOL P CONC(g/t)       (BLANK IF UNKNOWN)                                               

              ! 19  RSD  = CROP RESIDUE(t/ha)                (BLANK IF UNKNOWN)                                           

              ! 20  BDD  = BULK DENSITY(OVEN DRY)(t/m3)   (BLANK IF UNKNOWN)                                              

              ! 21  PSP  = P SORPTION RATIO                   (BLANK IF UNKNOWN)                                          

              ! 22  SATC = SATURATED CONDUCTIVITY(mm/h)     (BLANK IF UNKNOWN)                                            

              ! 23  HCL  = LATERAL HYDRAULIC CONDUCTIVITY(mm/h)                                                           

              ! 24  WPO  = INITIAL ORGANIC P CONC(g/t)      (BLANK IF UNKNOWN)                                            

              ! 25  DHN  = EXCHANGEABLE K CONC (g/t)                                                                      

              ! 26  ECND = ELECTRICAL COND (mmho/cm)                                                                      

              ! 27  STFR = FRACTION OF STORAGE INTERACTING WITH NO3 LEACHING                                              

              !                                               (BLANK IF UNKNOWN)                                          

              ! 28  SWST = INITIAL SOIL WATER STORAGE (m/m)                                                               

              ! 29  CPRV = FRACTION INFLOW PARTITIONED TO VERTICLE CRACK OR PIPE FLOW                                     

              ! 30  CPRH = FRACTION INFLOW PARTITIONED TO HORIZONTAL CRACK OR PIPE                                        

              !            FLOW                                                                                           

              ! 31  WLS  = STRUCTURAL LITTER(kg/ha)           (BLANK IF UNKNOWN)                                          

              ! 32  WLM  = METABOLIC LITTER(kg/ha)            (BLANK IF UNKNOWN)                                          

              ! 33  WLSL = LIGNIN CONTENT OF STRUCTURAL LITTER(kg/ha)(B I U)                                              

              ! 34  WLSC = CARBON CONTENT OF STRUCTURAL LITTER(kg/ha)(B I U)                                              

              ! 35  WLMC = C CONTENT OF METABOLIC LITTER(kg/ha)(B I U)                                                    

              ! 36  WLSLC= C CONTENT OF LIGNIN OF STRUCTURAL LITTER(kg/ha)(B I U)                                         

              ! 37  WLSLNC=N CONTENT OF LIGNIN OF STRUCTURAL LITTER(kg/ha)(BIU)                                           

              ! 38  WBMC = C CONTENT OF BIOMASS(kg/ha)(BIU)                                                               

              ! 39  WHSC = C CONTENT OF SLOW HUMUS(kg/ha)(BIU)                                                            

              ! 40  WHPC = C CONTENT OF PASSIVE HUMUS(kg/ha)(BIU)                                                         

              ! 41  WLSN = N CONTENT OF STRUCTURAL LITTER(kg/ha)(BIU)                                                     

              ! 42  WLMN = N CONTENT OF METABOLIC LITTER(kg/ha)(BIU)                                                      

              ! 43  WBMN = N CONTENT OF BIOMASS(kg/ha)(BIU)                                                               

              ! 44  WHSN = N CONTENT OF SLOW HUMUS(kg/ha)(BIU)                                                            

              ! 45  WHPN = N CONTENT OF PASSIVE HUMUS(kg/ha)(BIU)                                                         

              ! 46  FE26 = IRON CONTENT(%)                                                                                

              ! 47  SULF = SULFUR CONTENT(%)                                                                              

              ! 48  ASHZ = SOIL HORIZON(A,B,C)                                                                            

              ! 49  CGO2 = O2 CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                        

              ! 50  CGCO2= CO2 CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                       

              ! 51  CGN2O= N2O CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                       

              !     LINES 4/47

              READ(KR(14),3111)(Z(I,ISA),I=1,MSL)                                                                         

              READ(KR(14),3111)(BD(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(UW(I),I=1,MSL)                                                                            

              READ(KR(14),3111)(FC(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(SAN(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(SIL(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WON(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(PH(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(SMB(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WOC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CAC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CEC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(ROK(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CNDS(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SSF(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(RSD(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(BDD(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(PSP(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(SATC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(HCL(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WPO(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(DHN(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(ECND(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(STFR(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SWST(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(CPRV(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(CPRH(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLS(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WLM(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WLSL(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLMC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSLC(I,ISA),I=1,MSL)                                                                     

              READ(KR(14),3111)(WLSLNC(I,ISA),I=1,MSL)                                                                    

              READ(KR(14),3111)(WBMC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHSC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHPC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLMN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WBMN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHSN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHPN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(FE26(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SULF(I,ISA),I=1,MSL)                                                                      

              ! LINE 48                                                                                                   

              READ(KR(14),'(15A8)')ASHZ                                                                                   

              ! LINES 49/51                                                                                               

              IF(IDNT>2)THEN                                                                                              

                  READ(KR(14),3111)(CGO2(I,ISA),I=1,MSL)                                                                  

                  READ(KR(14),3111)(CGCO2(I,ISA),I=1,MSL)                                                                 

                  READ(KR(14),3111)(CGN2O(I,ISA),I=1,MSL)                                                                 

              ELSE                                                                                                        

                  CGO2=0.                                                                                                 

                  CGCO2=0.                                                                                                

                  CGN2O=0.                                                                                                

              END IF                                                                                                      

              L=1                                                                                                         

              LZ=0                                                                                                        

              XX=0.                                                                                                       

              XCB=.2                                                                                                      

              CLOSE(KR(14))                                                                                               

              DO I=1,MSL !SOIL LOOP                                                                                             

                  IF(Z(I,ISA)<1.E-10)EXIT                                                                           

                  IF(SAN(I,ISA)<1.E-5)THEN                                                                                

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' SAN=0.0'                                           

                      IF(I==1)THEN                                                                                        

                          SAN(I,ISA)=.33                                                                                  

                      ELSE                                                                                                

                          SAN(I,ISA)=SAN(I-1,ISA)                                                                         

                      END IF                                                                                              

                  END IF                                                                                                  

                  IF(SIL(I,ISA)<1.E-5)THEN                                                                                

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' SIL=0.0'                                           

                      IF(I==1)THEN                                                                                        

                          SIL(I,ISA)=.33                                                                                  

                      ELSE                                                                                                

                          SIL(I,ISA)=SIL(I-1,ISA)                                                                         

                      END IF                                                                                              

                  END IF                                                                                                  

                  CLA(I,ISA)=100.-SAN(I,ISA)-SIL(I,ISA)

                  !Calculate median particle size for the top soil layer, paddy modeling Jaehak Jeong 2014

                  IF(I==1) THEN

                      SUB_D50(ISA)=EXP(.0041*CLA(I,ISA)+.0271*SIL(I,ISA)+.057*SAN(I,ISA)) 

                  END IF

                  IF(BD(I,ISA)<1.E-5)THEN                                                                                 

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' BD=0.0'                                            

                      BD(I,ISA)=1.25+.005*SAN(I,ISA)                                                                      

                  END IF                                                                                                  

                  X1=BD(I,ISA)                                                                                            

                  DG=1000.*(Z(I,ISA)-XX)                                                                                  

                  CALL SBDSC(BD(I,ISA),PRMT(2),F,I,1)                                                                     

                  CALL SDST(RSD,DG,DG1,1.,.01,I,ISA,MSL)                                                                 

                  CALL SDST(SSF,DG,DG,20.,.001,I,ISA,MSL)                                                                 

                  CALL SDST(CNDS,DG,DG,10.,.001,I,ISA,MSL)                                                                

                  CALL SDST(DHN,DG,DG,100.,.001,I,ISA,MSL)                                                                

                  TRSD(ISA)=TRSD(ISA)+RSD(I,ISA)                                                                          

                  ZD=.25*(XX+Z(I,ISA))                                                                                    

                  F=ZD/(ZD+EXP(-.8669-2.0775*ZD))                                                                         

                  STMP(I,ISA)=F*(AVT-TX)+TX                                                                               

                  IF(WOC(I,ISA)<=0.)WOC(I,ISA)=XCB*EXP(-.001*DG)                                                          

                  XCB=WOC(I,ISA)                                                                                          

                  XZ=WOC(I,ISA)*.0172                                                                                     

                  ZZ=1.-XZ                                                                                                

                  WT(I,ISA)=BD(I,ISA)*DG*10.                                                                              

                  DG1=DG                                                                                                  

                  WT1=WT(I,ISA)/1000.                                                                                     

                  X1=10.*WOC(I,ISA)*WT(I,ISA)                                                                             

                  WOC(I,ISA)=X1                                                                                           

                  IF(WON(I,ISA)>0.)THEN                                                                                   

                      WON(I,ISA)=WT1*WON(I,ISA)                                                                           

                      KK=0                                                                                                

                  ELSE                                                                                                    

                      WON(I,ISA)=.1*WOC(I,ISA)                                                                            

                      KK=1                                                                                                

                  END IF                                                                                                  

                  IF(NCC==0)THEN                                                                                          

                      WBM=FBM(ISA)*X1                                                                                     

                      WBMC(I,ISA)=WBM                                                                                     

                      IF(KK>0)THEN                                                                                        

                          RTO=.1                                                                                          

                      ELSE                                                                                                

                          RTO=WON(I,ISA)/WOC(I,ISA)                                                                       

                      END IF                                                                                              

                      WBMN(I,ISA)=RTO*WBMC(I,ISA)                                                                         

                      WHP=FHP(ISA)*(X1-WBM)                                                                               

                      WHS=X1-WBM-WHP                                                                                      

                      WHSC(I,ISA)=WHS                                                                                     

                      WHSN(I,ISA)=RTO*WHSC(I,ISA)                                                                         

                      WHPC(I,ISA)=WHP                                                                                     

                      WHPN(I,ISA)=RTO*WHPC(I,ISA)                                                                         

                      X1=RSD(I,ISA)                                                                                       

                      IF(I==1)X1=X1+STDO(ISA)                                                                             

                      WLM(I,ISA)=500.*X1                                                                                  

                      WLS(I,ISA)=WLM(I,ISA)                                                                               

                      WLSL(I,ISA)=.8*WLS(I,ISA)                                                                           

                      WLMC(I,ISA)=.42*WLM(I,ISA)                                                                          

                      WLMN(I,ISA)=.1*WLMC(I,ISA)                                                                          

                      WLSC(I,ISA)=.42*WLS(I,ISA)                                                                          

                      WLSLC(I,ISA)=.8*WLSC(I,ISA)                                                                         

                      WLSLNC(I,ISA)=.2*WLSC(I,ISA)                                                                        

                      WLSN(I,ISA)=WLSC(I,ISA)/150.                                                                        

                      WOC(I,ISA)=WOC(I,ISA)+WLSC(I,ISA)+WLMC(I,ISA)                                                       

                      WON(I,ISA)=WON(I,ISA)+WLSN(I,ISA)+WLMN(I,ISA)                                                       

                  END IF                                                                                                  

                  FOP(I,ISA)=RSD(I,ISA)*1.1                                                                               

                  WPMA(I,ISA)=0.                                                                                          

                  IF(WPO(I,ISA)>0.)THEN                                                                                   

                      WPO(I,ISA)=WT1*WPO(I,ISA)                                                                           

                  ELSE                                                                                                    

                      WPO(I,ISA)=.125*WON(I,ISA)                                                                          

                  END IF                                                                                                  

                  PO(I,ISA)=1.-BD(I,ISA)/2.65                                                                             

                  X2=.1*WOC(I,ISA)/WT(I,ISA)                                                                              

                  SELECT CASE(ISW)                                                                                      

                  CASE(0,2)                                                                                               

                      CALL SWRTNR(CLA(I,ISA),SAN(I,ISA),X2,UW(I),FC(I,ISA))                                               

                  CASE(1,3)                                                                                               

                      IF(UW(I)<1.E-10.OR.FC(I,ISA)<1.E-10)CALL SWRTN_BNW(CLA(I,ISA),&                                       

                      SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                                            

                  CASE(4,5)                                                                                               

                      CALL SWNN(CLA(I,ISA),SAN(I,ISA),X2,UW(I),FC(I,ISA))                                                 

                  CASE(6,7)                                                                                               

                      CALL SWRTN_BNW(CLA(I,ISA),SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                    

                  CASE DEFAULT                                                                                            

                      CALL SWRTN_BNW(CLA(I,ISA),SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                    

                      ISW=6                                                                                               

                  END SELECT 

                  IF(ROK(I,ISA)>99.)ROK(I,ISA)=90.                                                                        

                  XY=1.-ROK(I,ISA)*.01                                                                                    

                  UW(I)=UW(I)*XY                                                                                          

                  XY=XY*DG                                                                                                

                  FC(I,ISA)=FC(I,ISA)*XY                                                                                  

                  S15(I,ISA)=UW(I)*DG                                                                                     

                  PO(I,ISA)=PO(I,ISA)*XY                                                                                  

                  CALL SPOFC(I)

                  VGA(I,ISA)=EXP(-4.3003-.0097*CLA(I,ISA)+.0138*SAN(I,ISA)-.1706*X2)

                  VGA(I,ISA)=max(VGA(I,ISA),0.001)

                  VGN0=1.

                  VGA0=VGA(I,ISA)

                  UW0=S15(I,ISA)

                  PO0=PO(I,ISA)

                  FC0=FC(I,ISA)

                  DO IT=1,10

                      FU=UW0+(PO0-UW0)/(1.+(VGA0*336.27)**VGN0)**(1.-1./VGN0)-FC0

                      IF(ABS(FU)<1.E-5)EXIT

                      IF(IT==1)THEN

                          DF=.01

                      ELSE

                          if(abs(VGN0-VG1)>1e-5)then

                             DFDN=(FU-FU1)/(VGN0-VG1)

                             if(abs(DFDN)>1e-5)then

                                DF=FU/DFDN

                             else

                                DF=.01

                             endif

                             

                          else

                             DF=.01

                          endif

                      END IF

                      VG1=VGN0

                      FU1=FU

                      VGN0=VGN0-DF

                      IF(VGN0<1.2)VGN0=1.2

                      IF(ABS(DF)<1.E-5)EXIT

                  END DO    

                  VGN(I,ISA)=VGN0

                  IF(NCC==0)THEN

                      IF(SWST(I,ISA)<1.E-10)SWST(I,ISA)=FFC(ISA)

                      SWST(I,ISA)=SWST(I,ISA)*(FC(I,ISA)-S15(I,ISA))+S15(I,ISA)

                  END IF    

                  SEV(1,ISA)=SEV(1,ISA)+XY                                                                                

                  SEV(3,ISA)=SEV(3,ISA)+WT(I,ISA)                                                                         

                  XX=Z(I,ISA)                                                                                             

                  IF(HCL(I,ISA)<1.E-10)HCL(I,ISA)=STP(ISA)*SATC(I,ISA)                                                    

                  IF(CEC(I,ISA)>0.)THEN                                                                                   

                      IF(CAC(I,ISA)>0.)SMB(I,ISA)=CEC(I,ISA)                                                              

                      IF(SMB(I,ISA)>CEC(I,ISA))SMB(I,ISA)=CEC(I,ISA)                                                      

                      BSA=SMB(I,ISA)*100./(CEC(I,ISA)+1.E-20)                                                             

                      IF(PH(I,ISA)>5.6)THEN                                                                               

                          ALS(I,ISA)=0.                                                                                   

                      ELSE                                                                                                

                          X1=.1*WOC(I,ISA)/WT(I,ISA)                                                                      

                          ALS(I,ISA)=154.2-1.017*BSA-3.173*X1-14.23*PH(I,ISA)                                             

                          IF(ALS(I,ISA)<0.)THEN                                                                           

                              ALS(I,ISA)=0.                                                                               

                          ELSE                                                                                            

                              IF(ALS(I,ISA)>95.)ALS(I,ISA)=95.                                                            

                          END IF                                                                                          

                      END IF                                                                                              

                  ELSE                                                                                                    

                      CEC(I,ISA)=PH(I,ISA)                                                                                

                      SMB(I,ISA)=CEC(I,ISA)                                                                               

                      ALS(I,ISA)=0.                                                                                       

                  END IF                                                                                                  

                  SELECT CASE(IDS(ISA))                                                                                   

                  CASE(1)                                                                                                 

                      IF(CAC(I,ISA)>0.)THEN                                                                               

                          PSP(I,ISA)=.58-.0061*CAC(I,ISA)                                                                 

                          BPT(I,ISA)=7.6E-4                                                                               

                      ELSE                                                                                                

                          PSP(I,ISA)=.5                                                                                   

                          BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                           

                      END IF                                                                                              

                  CASE(2)                                                                                                 

                      PSP(I,ISA)=.02+.0104*SSF(I,ISA)                                                                     

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(3)                                                                                                 

                      PSP(I,ISA)=.0054*BSA+.116*PH(I,ISA)-.73                                                             

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(4)                                                                                                 

                      PSP(I,ISA)=.46-.0916*LOG(CLA(I,ISA))                                                                

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(5)                                                                                                 

                      IF(CAC(I,ISA)>0.)THEN                                                                               

                          BPT(I,ISA)=7.6E-4                                                                               

                      ELSE                                                                                                

                          BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                           

                      END IF                                                                                              

                  END SELECT                                                                                              

                  IF(PSP(I,ISA)<.05)PSP(I,ISA)=.05                                                                        

                  IF(PSP(I,ISA)>.75)PSP(I,ISA)=.75                                                                        

                  BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                                   

                  SELECT CASE(IDSK)                                                                                       

                  CASE(1)                                                                                                 

                      SOLK(I,ISA)=MAX(.05*DHN(I,ISA),.052*DHN(I,ISA)-.12)                                                 

                      FIXK(I,ISA)=374.+236.*CLA(I,ISA)                                                                    

                  CASE(2)                                                                                                 

                      SOLK(I,ISA)=.026*DHN(I,ISA)+.5                                                                      

                      FIXK(I,ISA)=1781.+316.*CLA(I,ISA)                                                                   

                  CASE(3)                                                                                                 

                      SOLK(I,ISA)=.026*DHN(I,ISA)+.5                                                                      

                      FIXK(I,ISA)=1781.+316.*CLA(I,ISA)                                                                   

                  END SELECT                                                                                              

                  EQKS(I,ISA)=SOLK(I,ISA)/DHN(I,ISA)                                                                      

                  EQKE(I,ISA)=DHN(I,ISA)/FIXK(I,ISA)                                                                      

                  EXCK(I,ISA)=DHN(I,ISA)*WT1                                                                              

                  SOLK(I,ISA)=SOLK(I,ISA)*WT1                                                                             

                  FIXK(I,ISA)=FIXK(I,ISA)*WT1                                                                             

                  ZSK(ISA)=ZSK(ISA)+SOLK(I,ISA)                                                                           

                  ZEK(ISA)=ZEK(ISA)+EXCK(I,ISA)                                                                           

                  ZFK(ISA)=ZFK(ISA)+FIXK(I,ISA)                                                                           

                  WPMA(I,ISA)=SSF(I,ISA)*(1.-PSP(I,ISA))/PSP(I,ISA)                                                       

                  WPMS(I,ISA)=4.*WPMA(I,ISA)                                                                              

                  WSLT(I,ISA)=6.4*ECND(I,ISA)*SWST(I,ISA)                                                                 

                  ZSLT(ISA)=ZSLT(ISA)+WSLT(I,ISA)                                                                         

                  WPMA(I,ISA)=WPMA(I,ISA)*WT1                                                                             

                  WPMS(I,ISA)=WPMS(I,ISA)*WT1                                                                             

                  WPML(I,ISA)=SSF(I,ISA)*WT1                                                                              

                  ZPML(ISA)=ZPML(ISA)+WPML(I,ISA)                                                                         

                  ZPMA(ISA)=ZPMA(ISA)+WPMA(I,ISA)                                                                         

                  ZFOP(ISA)=ZFOP(ISA)+FOP(I,ISA)                                                                          

                  ZPMU(ISA)=ZPMU(ISA)+WPMU(I,ISA)                                                                         

                  ZPOU(ISA)=ZPOU(ISA)+WPOU(I,ISA)                                                                         

                  ZLSC(ISA)=ZLSC(ISA)+WLSC(I,ISA)                                                                         

                  ZLMC(ISA)=ZLMC(ISA)+WLMC(I,ISA)                                                                         

                  ZLSLC(ISA)=ZLSLC(ISA)+WLSLC(I,ISA)                                                                      

                  ZLSLNC(ISA)=ZLSLNC(ISA)+WLSLNC(I,ISA)                                                                   

                  ZBMC(ISA)=ZBMC(ISA)+WBMC(I,ISA)                                                                         

                  ZHSC(ISA)=ZHSC(ISA)+WHSC(I,ISA)                                                                         

                  ZHPC(ISA)=ZHPC(ISA)+WHPC(I,ISA)                                                                         

                  ZLSN(ISA)=ZLSN(ISA)+WLSN(I,ISA)                                                                         

                  ZLMN(ISA)=ZLMN(ISA)+WLMN(I,ISA)                                                                         

                  ZBMN(ISA)=ZBMN(ISA)+WBMN(I,ISA)                                                                         

                  ZHSN(ISA)=ZHSN(ISA)+WHSN(I,ISA)                                                                         

                  ZHPN(ISA)=ZHPN(ISA)+WHPN(I,ISA)                                                                         

                  IF(Z(I,ISA)<=PMX(ISA))THEN                                                                              

                      SUM=SUM+WT(I,ISA)                                                                                   

                      PDPL(ISA)=PDPL(ISA)+WPML(I,ISA)+WPMU(I,ISA)                                                         

                      OCPD(ISA)=OCPD(ISA)+WOC(I,ISA)                                                                      

                      PDSKC(ISA)=PDSKC(ISA)+SOLK(I,ISA)                                                                   

                      PDSW(ISA)=PDSW(ISA)+SWST(I,ISA)-S15(I,ISA)                                                          

                      PDAW(ISA)=PDAW(ISA)+FC(I,ISA)-S15(I,ISA)                                                            

                      L=I                                                                                                 

                  END IF                                                                                                  

                  WNO3(I,ISA)=CNDS(I,ISA)*WT1                                                                             

                  ZNO3(ISA)=ZNO3(ISA)+WNO3(I,ISA)                                                                         

                  IF(Z(I,ISA)<=RZ(ISA))THEN                                                                               

                      RZSW(ISA)=RZSW(ISA)+SWST(I,ISA)-S15(I,ISA)                                                          

                      PAW(ISA)=PAW(ISA)+FC(I,ISA)-S15(I,ISA)                                                              

                      LZ=I                                                                                                

                  END IF                                                                                                  

                  IF(BDD(I,ISA)<1.E-10)BDD(I,ISA)=BD(I,ISA)                                                               

                  BDP(I,ISA)=BD(I,ISA)                                                                                    

                  BDD(I,ISA)=BDD(I,ISA)/BD(I,ISA)                                                                         

                  ZPMS(ISA)=ZPMS(ISA)+WPMS(I,ISA)                                                                         

                  ZPO(ISA)=ZPO(ISA)+WPO(I,ISA)                                                                            

              END DO  !SOIL LOOP

              IF(I>MSL)THEN

                  NBSL(ISA)=MSL

              ELSE    

                  L1=LZ+1                                                                                               

                  NBSL(ISA)=I-1                                                                                               

                  IF(L1/=I)THEN                                                                                               

                      ZZ=RZ(ISA)-Z(LZ,ISA)                                                                                    

                      RTO=ZZ/(Z(L1,ISA)-Z(LZ,ISA))                                                                            

                      RZSW(ISA)=RZSW(ISA)+(SWST(L1,ISA)-S15(L1,ISA))*RTO                                                      

                      PAW(ISA)=PAW(ISA)+RTO*(FC(L1,ISA)-S15(L1,ISA))

                  END IF    

              END IF                                                                                                      

              LRD(ISA)=NBSL(ISA)                                                                                    

              IF(MXLA<NBSL(ISA))MXLA=NBSL(ISA)                                                                            

              IF(Z(1,ISA)>.01)THEN                                                                                        

                  NBSL(ISA)=NBSL(ISA)+1                                                                                   

                  DO I=NBSL(ISA),2,-1                                                                                     

                      LID(I,ISA)=LID(I-1,ISA)                                                                             

                  END DO                                                                                                  

                  LID(1,ISA)=NBSL(ISA)                                                                                    

                  LORG(NBSL(ISA),ISA)=1                                                                                   

                  RTO=.01/Z(1,ISA)                                                                                        

                  CALL SPLA(1,1,NBSL(ISA),RTO,1)                                                                          

                  Z(NBSL(ISA),ISA)=.01                                                                                    

              ELSE                                                                                                        

                  IF(Z(1,ISA)<.01)Z(1,ISA)=.01                                                                            

              END IF                                                                                                      

              IF(L/=NBSL(ISA))THEN                                                                                        

                  L1=LID(L+1,ISA)                                                                                         

                  X1=0.                                                                                                   

                  IF(L>0)X1=Z(LID(L,ISA),ISA)                                                                             

                  RTO=(PMX(ISA)-X1)/(Z(L1,ISA)-X1)                                                                        

                  SUM=SUM+WT(L1,ISA)*RTO                                                                                  

                  OCPD(ISA)=OCPD(ISA)+RTO*WOC(L1,ISA)                                                                     

                  PDPLX(ISA)=PDPL(ISA)+(WPML(L1,ISA)+WPMU(L1,ISA))*RTO                                                    

                  PDPL(ISA)=1000.*PDPLX(ISA)/SUM                                                                          

                  PDPL0(ISA)=PDPL(ISA)                                                                                    

                  PDPLC(ISA)=PDPL(ISA)                                                                                    

                  PDSKC(ISA)=PDSKC(ISA)+RTO*SOLK(L1,ISA)                                                                  

                  PDSKC(ISA)=1000.*PDSKC(ISA)/SUM                                                                         

                  PDSW(ISA)=PDSW(ISA)+RTO*(SWST(L1,ISA)-S15(L1,ISA))                                                      

                  PDAW(ISA)=PDAW(ISA)+RTO*(FC(L1,ISA)-S15(L1,ISA))                                                        

              ELSE                                                                                                        

                  PMX(ISA)=Z(NBSL(ISA),ISA)                                                                               

              END IF                                                                                                      

              OCPD(ISA)=.1*OCPD(ISA)/SUM                                                                                  

              SUM=1.E-4*SUM/PMX(ISA)                                                                                      

              ABD(ISA)=1.E-4*SEV(3,ISA)/XX

              DO WHILE(NBSL(ISA)<MXLA)

                  L1=LID(1,ISA)                                                                                               

                  ZMX=0.                                                                                                      

                  MXZ=2                                                                                                       

                  DO I=2,NBSL(ISA)                                                                                            

                      ISL=LID(I,ISA)                                                                                          

                      ZZ=Z(ISL,ISA)-Z(L1,ISA)                                                                                 

                      IF(ZZ>=ZTK)THEN                                                                                         

                          MXZ=I                                                                                               

                          EXIT

                      END IF                                                                                                  

                      IF(ZZ>ZMX+.01)THEN                                                                                      

                          ZMX=ZZ                                                                                              

                          MXZ=I                                                                                               

                      END IF                                                                                                  

                      L1=ISL                                                                                                  

                  END DO

                  IF(I>NBSL(ISA))THEN

                      ISL=LID(MXZ,ISA)                                                                                            

                      L1=LID(MXZ-1,ISA)  

                  END IF

                  NBSL(ISA)=NBSL(ISA)+1                                                                                 

                  CALL SPLA(ISL,L1,NBSL(ISA),.5,0)                                                                            

                  DO K=NBSL(ISA),MXZ+1,-1                                                                                     

                      LID(K,ISA)=LID(K-1,ISA)                                                                                 

                  END DO                                                                                                      

                  LID(MXZ,ISA)=NBSL(ISA)                                                                                      

                  LORG(NBSL(ISA),ISA)=LORG(ISL,ISA)                                                                           

              END DO

              XX=0.

              DO J=1,NBSL(ISA)                                                                                      

                  L=LID(J,ISA)                                                                                            

                  XGO2(L,isa)=CGO2(L,ISA)    ! Original statement XGO2(L)=CGO2(L,ISA) - Luca Doro

                  XGCO2(L,isa)=CGCO2(L,ISA)    ! Original statement XGCO2(L)=CGCO2(L,ISA) - Luca Doro

                  XGN2O(L,isa)=CGN2O(L,ISA)    ! Original statement XGN2O(L)=CGN2O(L,ISA) - Luca Doro

                  IF(NCC>0)THEN                                                                                           

                      WOC(L,ISA)=WLSC(L,ISA)+WLMC(L,ISA)+WBMC(L,ISA)+WHSC(L,ISA)+WHPC(L,ISA)                              

                      WON(L,ISA)=WLSN(L,ISA)+WLMN(L,ISA)+WBMN(L,ISA)+WHSN(L,ISA)+WHPN(L,ISA)                              

                  ELSE                                                                                                    

                      WLSC(L,ISA)=.42*WLS(L,ISA)                                                                          

                      WLMC(L,ISA)=.42*WLM(L,ISA)                                                                          

                      WLSLC(L,ISA)=.42*WLSL(L,ISA)                                                                        

                      WLSLNC(L,ISA)=WLSC(L,ISA)-WLSLC(L,ISA)                                                              

                  END IF                                                                                                  

                  SOL(1,L,ISA)=WHSC(L,ISA)                                                                                

                  SOL(2,L,ISA)=WHPC(L,ISA)                                                                                

                  SOL(3,L,ISA)=WLSC(L,ISA)                                                                                

                  SOL(4,L,ISA)=WLMC(L,ISA)                                                                                

                  SOL(5,L,ISA)=WBMC(L,ISA)                                                                                

                  SOL(6,L,ISA)=WOC(L,ISA)                                                                                 

                  SOL(7,L,ISA)=WHSN(L,ISA)                                                                                

                  SOL(8,L,ISA)=WHPN(L,ISA)                                                                                

                  SOL(9,L,ISA)=WLSN(L,ISA)                                                                                

                  SOL(10,L,ISA)=WLMN(L,ISA)                                                                               

                  SOL(11,L,ISA)=WBMN(L,ISA)                                                                               

                  SOL(12,L,ISA)=WON(L,ISA)                                                                                

                  SOL(13,L,ISA)=WPMA(L,ISA)                                                                               

                  SOL(14,L,ISA)=WPMS(L,ISA)                                                                               

                  SOL(15,L,ISA)=WPO(L,ISA)                                                                                

                  SOL(16,L,ISA)=EXCK(L,ISA)                                                                               

                  SOL(17,L,ISA)=FIXK(L,ISA)                                                                               

                  SOL(18,L,ISA)=SWST(L,ISA)                                                                               

                  SOL(19,L,ISA)=WLS(L,ISA)                                                                                

                  SOL(20,L,ISA)=WLM(L,ISA)                                                                                

                  SOL(21,L,ISA)=WLSL(L,ISA)                                                                               

                  SOL(22,L,ISA)=WLSLC(L,ISA)                                                                              

                  SOL(23,L,ISA)=WLSLNC(L,ISA)                                                                             

                  XZP(1,L,ISA)=WHSC(L,ISA)                                                                                

                  XZP(2,L,ISA)=WHPC(L,ISA)                                                                                

                  XZP(3,L,ISA)=WLSC(L,ISA)                                                                                

                  XZP(4,L,ISA)=WLMC(L,ISA)                                                                                

                  XZP(5,L,ISA)=WBMC(L,ISA)                                                                                

                  XZP(6,L,ISA)=WOC(L,ISA)                                                                                 

                  XZP(7,L,ISA)=WHSN(L,ISA)                                                                                

                  XZP(8,L,ISA)=WHPN(L,ISA)                                                                                

                  XZP(9,L,ISA)=WLSN(L,ISA)                                                                                

                  XZP(10,L,ISA)=WLMN(L,ISA)                                                                               

                  XZP(11,L,ISA)=WBMN(L,ISA)                                                                               

                  XZP(12,L,ISA)=WON(L,ISA)                                                                                

                  XZP(13,L,ISA)=WOC(L,ISA)/WON(L,ISA)                                                                     

                  !Set Richards parameters jaehak 2018 IPRK=2

                  IF(IPRK==2) THEN

                     X1=1000.*(Z(L,ISA)-XX)

                     X2=.1*WOC(L,ISA)/WT(L,ISA) 

                     CALL FREPARM(CLA(L,ISA),X2,SAN(L,ISA),BD(L,ISA),S15(L,ISA)/X1,FC(L,ISA)/X1,PO(L,ISA)/X1,vgA(L,ISA),vgN(L,ISA),vgSat(L,ISA),vgRes(L,ISA),X2) 

                  ENDIF

                  XX=Z(L,ISA) 

              END DO                                                                                                      

              ZON(ISA)=ZLSN(ISA)+ZLMN(ISA)+ZBMN(ISA)+ZHSN(ISA)+ZHPN(ISA)                                                  

              ZOC(ISA)=ZLSC(ISA)+ZLMC(ISA)+ZBMC(ISA)+ZHSC(ISA)+ZHPC(ISA)                                                  

              BTC(ISA)=ZOC(ISA)*WSA(ISA)                                                                                           

              BTCX(ISA)=BTC(ISA)/WSA(ISA)    ! BTCX(ISA)=BTC(ISA) original statement modified to correct unit on first year in AWP - Luca Doro 2023-04

              BTCZ(ISA)=.001*BTC(ISA)                                                                                          

              SLT0(ISA)=ZSLT(ISA)                                                                                         

              SLTX(ISA)=ZSLT(ISA)                                                                                         

              XZP(1,11,ISA)=ZHSC(ISA)                                                                                     

              XZP(2,11,ISA)=ZHPC(ISA)                                                                                     

              XZP(3,11,ISA)=ZLSC(ISA)                                                                                     

              XZP(4,11,ISA)=ZLMC(ISA)                                                                                     

              XZP(5,11,ISA)=ZBMC(ISA)                                                                                     

              XZP(6,11,ISA)=ZOC(ISA)                                                                                      

              XZP(7,11,ISA)=ZHSN(ISA)                                                                                     

              XZP(8,11,ISA)=ZHPN(ISA)                                                                                     

              XZP(9,11,ISA)=ZLSN(ISA)                                                                                     

              XZP(10,11,ISA)=ZLMN(ISA)                                                                                    

              XZP(11,11,ISA)=ZBMN(ISA)                                                                                    

              XZP(12,11,ISA)=ZON(ISA)                                                                                     

              XZP(13,11,ISA)=ZOC(ISA)/ZON(ISA)                                                                            

              IF(IDNT>2)THEN                                                                                              

                  NBCL=Z(LID(NBSL(ISA),ISA),ISA)/DZDN+.999                                                                

                  IF(NBCL>30)THEN                                                                                         

                      NBCL=30                                                                                             

                      DZDN=Z(LID(NBSL(ISA),ISA),ISA)/30.                                                                  

                  ELSE                                                                                                    

                      IF(NBCL<NBSL(ISA))THEN                                                                              

                          NBCL=NBSL(ISA)                                                                                  

                          X1=NBCL                                                                                         

                          DZDN=Z(LID(NBSL(ISA),ISA),ISA)/X1                                                               

                      END IF                                                                                              

                  END IF                                                                                                  

                  DZ10=10.*DZDN                                                                                           

                  TOT=0.                                                                                                  

                  DO I=1,NBCL                                                                                             

                      TOT=TOT+DZDN                                                                                        

                      ZC(I,ISA)=TOT                                                                                       

                  END DO                                                                                                  

                  CALL AINTRIC(XGO2,CGO2,NBSL(ISA),NBCL)                                                                  

                  CALL AINTRIC(XGCO2,CGCO2,NBSL(ISA),NBCL)                                                                

                  CALL AINTRIC(XGN2O,CGN2O,NBSL(ISA),NBCL)                                                                

                  IUN=NBCL-1                                                                                              

              END IF                                                                                                      

              IF(LBP>0)THEN                                                                                               

                  X1=CLA(LID(2,ISA),ISA)                                                                                  

                  CPMX(ISA)=1000.*X1/(X1+EXP(3.519-.027*X1))                                                              

              END IF                                                                                                      

              CALL SPRNT                                                                                                  

              IF(KFL(1)>0)THEN                                                                                            

                  WRITE(KW(1),2950)                                                                                       

                  WRITE(KW(1),2960)FL,FW,ANG0,UXP,ACW                                                                     

                  WRITE(KW(1),'(/T10,A,F8.0,A)')'ANNUAL HEAT UNITS = ',AHSM,' C'                                          

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL DATA____________&                                     

                  ________'                                                                                               

                  WRITE(KW(1),3000)SALB(ISA),MXLA,ZQT,ZF,ZTK,FBM(ISA),FHP(ISA),XIDS&                                      

                  (ISA),OCPD(ISA),RTN1                                                                                    

                  WRITE(KW(1),3001)IWTB,WTMN(ISA),WTMX(ISA),WTBL(ISA)                                                     

                  SELECT CASE(ISW)                                                                                         

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST RAWLS &                                             

                      METHOD DYNAMIC'                                                                                     

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT INP RAWLS &                                             

                      METHOD DYNAMIC'                                                                                     

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST RAWLS &                                             

                      METHOD STATIC'                                                                                      

                  CASE(3)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT INP STATIC '                                            

                  CASE(4)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST NEAREST &                                           

                      NEIGHBOR METHOD DYNAMIC'                                                                            

                  CASE(5)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST NEAREST &                                           

                      NEIGHBOR METHOD STATIC'	                                                                            

                  CASE(6)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST BNW &                                               

                      METHOD DYNAMIC'	                                                                                    

                  CASE(7)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST BNW &                                               

                      METHOD STATIC'	                                                                                     

                  END SELECT                                                                                              

              END IF                                                                                                      

              IF(KFL(1)>0.AND.ISTA>0)WRITE(KW(1),'(T10,A)')'STATIC SOIL PROFILE'                                                       

              IF(SAT1>0.)THEN                                                                                             

                  SATZ=SAT1                                                                                               

              ELSE                                                                                                        

                  IF(SAT0>0.)THEN                                                                                         

                      SATZ=SAT0                                                                                           

                  ELSE                                                                                                    

                      SATZ=1.                                                                                             

                  END IF                                                                                                  

              END IF                                                                                                      

              SATK(ISA)=SATC(LID(2,ISA),ISA)*SATZ                                                                         

              IF(FPS1>0.)THEN                                                                                             

                  FPSZ=FPS1                                                                                               

              ELSE                                                                                                        

                  IF(FPS0>0.)THEN                                                                                         

                      FPSZ=FPS0                                                                                           

                  ELSE                                                                                                    

                      FPSZ=1.                                                                                             

                  END IF                                                                                                  

              END IF                                                                                                      

              FPSC(ISA)=SATC(LID(2,ISA),ISA)*FPSZ                                                                         

              SW(ISA)=UW(2)*XX*1000.                                                                                      

              ZCOB(ISA)=ZCO(ISA)                                                                                          

              I2=-1                                                                                                       

              DO WHILE(I2/=IOPS)                                                                                          

                  READ(KR(15),*,IOSTAT=NFL)I2,OPSCFILE                                                                    

                  IF(NFL/=0)THEN                                                                                          

                      WRITE(*,*)'OPS NO = ',IOPS,' NOT IN OPSC LIST FILE &                                                

                      SAID = ',NBSA(ISA)                                                                                  

                      STOP                                                                                                

                  END IF                                                                                                  

              END DO                                                                                                      

              REWIND KR(15)                                                                                               

              CALL OPENV(KR(16),OPSCFILE,IDIR)                                                                            

              TITOP(ISA)=OPSCFILE                                                                                         

              ! LINE 1                                                                                                    

              READ(KR(16),'()')                                                                                           

              ! 1 LUN  = LAND USE NUMBER FROM NRCS LAND USE-HYDROLOGIC SOIL GROUP                                         

              !          TABLE                                                                                            

              ! 2 AUTO APPLICATION EQUIPMENT FROM TILLCOM.DAT                                                             

              ! 3 IAUI = AUTO IRRIGATION                                                                                  

              ! 4 IAUF = AUTO N FERT                                                                                      

              ! 5 IAMF = AUTO MANURE FROM GRAZING ANIMALS                                                                 

              ! 6 ISPF = AUTO MANURE APPLICATION FROM FEEDYARD STOCKPILE                                                  

              ! 7 ILQF = AUTO LIQUID MANURE APPLICATION FROM LAGOONS                                                      

              ! 8 IAUL = AUTO LIME APPLICATION                                                                            

              !     LINE 2                                                                                                

              READ(KR(16),3100)LUN(ISA),IAUI(ISA),IAUF(ISA),IAMF(ISA),ISPF(ISA),&                                         

              ILQF(ISA),IAUL(ISA)                                                                                         

              IF(IAUI(ISA)==0)IAUI(ISA)=500                                                                               

              IF(IAUF(ISA)==0)IAUF(ISA)=261                                                                               

              IF(IAMF(ISA)==0)IAMF(ISA)=268                                                                               

              IF(ISPF(ISA)==0)ISPF(ISA)=266                                                                               

              IF(ILQF(ISA)==0)ILQF(ISA)=265                                                                               

              IF(IAUL(ISA)==0)IAUL(ISA)=267                                                                               

              IF(LUNS(ISA)/=0)THEN                                                                                        

                  I1=LUNS(ISA)                                                                                            

                  LUNS(ISA)=LUNS(ISA)-LUN(ISA)                                                                            

                  LUN(ISA)=I1                                                                                             

              END IF                                                                                                      

              !     READ MANAGEMENT INFORMATION                                                                           

              !  1  IRR  = N0 FOR DRYLAND AREAS          | N = 0 APPLIES MINIMUM OF                                       

              !          = N1 FROM SPRINKLER IRRIGATION  | VOLUME INPUT, ARMX, & FC-SW                                    

              !          = N2 FOR FURROW IRRIGATION      | N = 1 APPLIES INPUT VOLUME                                     

              !          = N3 FOR IRR WITH FERT ADDED    | OR ARMX                                                        

              !          = N4 FOR IRRIGATION FROM LAGOON |                                                                

              !          = N5 FOR DRIP IRR               |                                                                

              !  2  IRI  = N DAY APPLICATION INTERVAL FOR AUTOMATIC IRRIGATION                                            

              !  3  IFA  = MIN FERT APPL INTERVAL(0 FOR USER SPECIFIED)                                               

              !  4  LM   = 0 APPLIES LIME                                                                                 

              !          = 1 DOES NOT APPLY LIME                                                                          

              !  5  IFD  = 0 WITHOUT FURROW DIKES                                                                         

              !            1 WITH FURROW DIKES                                                                            

              !  6  IDR  = 0 NO DRAINAGE                                                                                  

              !          = DEPTH OF DRAINAGE SYSTEM(mm)                                                                   

              !     IDF0 = FERT #                                                                                         

              !  7         1 FOR FERTIGATION FROM LAGOON                                                                  

              !  8         2 FOR AUTOMATIC SOLID MANURE APPL FROM FEEDING AREA STOCK                                      

              !              PILE.                                                                                        

              !  9         3 AUTO COMERCIAL P FERT APPL (DEFAULTS TO ELEM P)                                              

              !  10        4 FOR AUTOMATIC COMERCIAL FERT APPL(DEFALTS TO ELEM N)                                         

              !  11        5 FOR AUTOMATIC SOLID MANURE APPLICATION.                                                      

              !  12        6 AUTO COMERCIAL K FERT APPL (DEFAULTS TO ELEM K)                                              

              !  13 IRRS = ID OF SA SUPPLYING IRRIGATION WATER FROM A RESERVOIR                                           

              !            0 NO RESERVOIR SUPPLY OR NO IRRIGATION

              !  14 IRRW = ID OF SA SUPPLYING IRRIGATION WATER FROM A WELL

              !            0 NO WELL SUPPLY

              !     LINE 8                                                                                                

              READ(KR(5),*)IRR(ISA),IRI(ISA),IFA(ISA),LM(ISA),IFD(ISA),IDR&                                               

              (ISA),(IDF0(I,ISA),I=1,6),IRRS(ISA),IRRW(ISA)                                                                         

              IF(IDR(ISA)>0.AND.HSG>2)HSG=2                                                                               

              ISG(ISA)=HSG                                                                                                

              CALL HSGCN                                                                                                  

              CALL HCNSLP(CN2(ISA),X3)                                                                                    

              SCI(ISA)=MAX(3.,SMX(ISA)*(1.-RZSW(ISA)/PAW(ISA)))                                                           

              IF(KFL(1)>0)THEN                                                                                            

                  SELECT CASE(NVCN(ISA))                                                                                

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN NONLINEAR DEPTH/SW &                                             

                      WEIGHTING'                                                                                          

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN NONLINEAR NO DEPTH/SW &                                          

                      WEIGHTING'                                                                                          

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN LINEAR NO DEPTH/SW &                                             

                      WEIGHTING'                                                                                          

                  CASE(3)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'CONSTANT CN'                                                                 

                  CASE(4)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN SOIL MOIST INDEX NO &                                            

                      DEPTH/SW WEIGHTING'                                                                                 

                  END SELECT                                                                                              

                  WRITE(KW(1),3970)ASG(ISG(ISA)),LUN(ISA),CN2(ISA),X3,&                                                   

                  SCNX(ISA),SCRP(35,1),SCRP(35,2),CNSC(1,ISA),CNSC(2,ISA)                                                 

              END IF                                                                                                      

              CN2(ISA)=X3                                                                                                 

              CN0(ISA)=X3                                                                                                 

              IF(KFL(1)>0)THEN                                                                                            

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL PHYSICAL DATA___&                                     

                  _________________'                                                                                      

                  CALL SOLIOP                                                                                             

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL CHEMICAL DATA___&                                     

                  _________________'                                                                                      

                  CALL SOLIOC                                                                                             

              END IF                                                                                                      

              !  1  BIR  = IRRIGATION TRIGGER--3 OPTIONS                                                                  

              !            1. PLANT WATER STRESS FACTOR (0-1)                                                             

              !            2. SOIL WATER TENSION IN TOP 200 MM(> 1 KPA)                                                   

              !            3. PLANT AVAILABLE WATER DEFICIT IN ROOT ZONE (-mm)                                            

              !  2  EFI  = RUNOFF VOL / VOL IRR WATER APPLIED(0 IF IRR=0)                                             

              !  3  VIMX = MAXIMUM ANNUAL IRRIGATION VOLUME ALLOWED FOR EACH CROP (mm)                                    

              !  4  ARMN = MINIMUM SINGLE APPLICATION VOLUME ALLOWED (mm)                                                 

              !  5  ARMX = MAXIMUM SINGLE APPLICATION VOLUME ALLOWED (mm)                                                 

              !  6  BFT  = AUTO FERTILIZER TRIGGER--2 OPTIONS                                                             

              !            1. PLANT N STRESS FACTOR (0-1)                                                                 

              !            2. SOIL N CONC IN ROOT ZONE (g/t)                                                              

              !  7  FNP4 = AUTO FERT FIXED APPLICATION RATE (kg/ha)                                                       

              !  8  FMX  = MAXIMUM ANNUAL N FERTILIZER APPLICATION FOR A CROP (kg/ha)                                     

              !  9  DRT  = TIME REQUIRED FOR DRAINAGE SYSTEM TO REDUCE PLANT STRESS(d)                                    

              !            (0 IF DRAINAGE NOT USED)                                                                   

              ! 10  FDSF = FURROW DIKE SAFETY FACTOR(0-1.)                                                                

              ! 11  PEC  = CONSERVATION PRACTICE FACTOR(=0.0 ELIMINATES WATER EROSION)                                    

              ! 12  DALG = FRACTION OF SUBAREA CONTROLLED BY LAGOON.                                                      

              ! 13  VLGN = LAGOON VOLUME RATIO--NORMAL / MAXIMUM                                                          

              ! 14  COWW = LAGOON INPUT FROM WASH WATER (m3/hd/d)                                                         

              ! 15  DDLG = TIME TO REDUCE LAGOON STORAGE FROM MAX TO NORM (d)                                             

              ! 16  SOLQ = RATIO LIQUID/TOTAL MANURE PRODUCED.                                                            

              ! 17  SFLG = SAFETY FACTOR FOR LAGOON DESIGN (VLG=VLG0/(1.-SFLG)                                            

              ! 18  FNP2 = FEEDING AREA STOCK PILE AUTO SOLID MANURE APPL RATE (kg/ha)                                    

              ! 19  FNP5 = AUTOMATIC MANURE APPLICATION RATE (kg/ha)                                                      

              ! 20  FIRG = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)                                              

              !     LINE 9/10                                                                                             

              READ(KR(5),*)BIR(ISA),EFI(ISA),VIMX(ISA),ARMN(ISA),ARMX(ISA),&                                              

              BFT(ISA),FNP(4,ISA),FMX,DRT(ISA),FDSF(ISA),PEC(ISA),DALG(ISA),VLGN&                                         

              (ISA),COWW(ISA),DDLG(ISA),SOLQ(ISA),SFLG,FNP(2,ISA),FNP(5,ISA),&                                            

              FIRG(ISA)                                                                                                   

              IF(FIRG(ISA)<1.E-10)THEN                                                                                    

                  IF(FIR0<1.E-10)THEN                                                                                     

                      FIRG(ISA)=1.                                                                                        

                  ELSE                                                                                                    

                      FIRG(ISA)=FIR0                                                                                      

                  END IF                                                                                                  

              END IF                                                                                                      

              NZ=MAX(1,NHRD(IOW))                                                                                         

              !     NY   = 0 FOR NON GRAZING AREA                                                                         

              !          = HERD NUMBERS FOR GRAZING AREA                                                                  

              !     LINE 11                                                                                               

              READ(KR(5),*)(NY(J),J=1,NZ)                                                                                 

              !     XTP  = GRAZING LIMIT FOR EACH HERD--MINIMUM PLANT MATERIAL(t/ha)                                      

              !     LINE 12                                                                                               

              READ(KR(5),*)(XTP(J),J=1,NZ)                                                                                

              DO J=1,NZ                                                                                               

                  J1=NY(J)                                                                                            

                  IF(J1==0)CYCLE                                                                                      

                  NGZ(J1,ISA)=J1                                                                                      

                  GZLM(J1,ISA)=XTP(J)                                                                                 

              END DO                                                                                                  

              IHDM(ISA)=NY(1)                                                                                         

              IF(DRT(ISA)<1.E-5)DRT(ISA)=1.                                                                               

              IF(KFL(1)>0)THEN                                                                                            

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________MANAGEMENT DATA&                                           

                  ____________________'                                                                                   

                  WRITE(KW(1),'(T10,A,I4)')'OWNER ID=',IOW                                                                

                  IF(II>0)WRITE(KW(1),'(T10,A/T15,A,I3)')'FEEDING AREA','HERD ID=',II                                     

              END IF                                                                                                      

              DO IHD=1,NZ                                                                                                 

                  IF(NGZ(IHD,ISA)>0)EXIT                                                                                  

              END DO                                                                                                      

              IF(KFL(1)>0.AND.IHD<=NZ)THEN                                                                                             

                  WRITE(KW(1),'(T10,A/T15,A)')'GRAZING AREA','GRAZING MODE'                                               

                  SELECT CASE(IHRD)                                                                                     

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 0 MANUAL_NO HERD FILE REQUIRED'                                        

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 1 HYBRID_HERD FILE REQUIRED'                                           

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 2 AUTOMATIC_HERD FILE REQUIRED'                                        

                  END SELECT

                  IF(IHAY>0)THEN    

                      WRITE(KW(1),'(T15,A)')'HAY FEED AS NEEDED'

                  ELSE

                      WRITE(KW(1),'(T15,A)')'NO HAY FEED--GRAZERS REMOVED WHEN AGPM<GZLM'

                  END IF    

              END IF                                                                                                      

              DO IHD=1,NZ                                                                                                 

                  IF(NGZ(IHD,ISA)==0)CYCLE                                                                                

                  IF(GZLM(IHD,ISA)<1.E-5)GZLM(IHD,ISA)=GZL0                                                               

                  X1=24.*FFED(IHD,IOW)                                                                                    

                  IF(KFL(1)>0)WRITE(KW(1),3536)IHD,NCOW(IHD,IOW),X1,GZLM(IHD,ISA)                                         

              END DO                                                                                                      

              IFA(ISA)=MAX(IFA(ISA),1)                                                                                    

              CALL AISPL(IRR(ISA),IAC(ISA))                                                                               

              IF(ARMX(ISA)<1.E-10)ARMX(ISA)=1000.                                                                         

              IF(FMX<1.E-10)FMX=200.                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  IF(IAPL(ISA)<0)WRITE(KW(1),'(T10,A)')'LIQUID MANURE APPL AREA'                                          

                  IF(IAPL(ISA)>0)WRITE(KW(1),'(T10,A)')'SOLID MANURE APPL AREA'                                           

                  IF(FFPQ(ISA)>0)WRITE(KW(1),'(T10,A)')'FILTER STRIP'                                                     

              END IF                                                                                                      

              IF(IRR(ISA)==0)THEN                                                                                         

                  IF(DALG(ISA)>0.)THEN                                                                                    

                      X3=COWW(ISA)*NCOW(IDFH(ISA),IOW)                                                                    

                      RFM0=2.*RFMX                                                                                        

                      X1=RFM0-5.64                                                                                        

                      QLG=X1*X1/(RFM0+22.6)                                                                               

                      DALG(ISA)=DALG(ISA)*WSA(ISA)                                                                        

                      X1=10.*DALG(ISA)                                                                                    

                      QWW=30.*X3/X1                                                                                       

                      VLGM(ISA)=(QLG+QWW)/(1.-VLGN(ISA))                                                                  

                      VLGN(ISA)=VLGN(ISA)*VLGM(ISA)                                                                       

                      VLGM(ISA)=VLGM(ISA)/(1.-SFLG)                                                                       

                      IF(KFL(1)>0)WRITE(KW(1),39)DALG(ISA),VLGN(ISA),VLGM(ISA),DDLG(ISA)&                                 

                      ,COWW(ISA),SFLG                                                                                     

                      COWW(ISA)=X3                                                                                        

                      VLGN(ISA)=X1*VLGN(ISA)                                                                              

                      VLGB(ISA)=VLGN(ISA)                                                                                 

                      VLGM(ISA)=X1*VLGM(ISA)                                                                              

                      VLG(ISA)=VLGN(ISA)                                                                                  

                      CFNP(ISA)=0.                                                                                        

                      WTMU(ISA)=CFNP(ISA)*VLG(ISA)                                                                        

                      WTMB(ISA)=WTMU(ISA)                                                                                 

                      TWMB=TWMB+WTMU(ISA)                                                                                 

                      VLGI(ISA)=(VLGM(ISA)-VLGN(ISA))/(DDLG(ISA)+1.E-5)                                                   

                  ELSE                                                                                                    

                      IF(KFL(1)>0)WRITE(KW(1),'(T10,A)')'DRYLAND AGRICULTURE'                                             

                  END IF                                                                                                  

              ELSE                                                                                                        

                  IF(VIMX(ISA)<1.E-10)VIMX(ISA)=2000.                                                                     

                  IF(KFL(1)>0)THEN                                                                                        

                      IF(BIR(ISA)<0.)THEN                                                                                 

                          WRITE(KW(1),'(T10,A)')'AUTOMATIC IRRIGATION'                                                    

                          WRITE(KW(1),4080)BIR(ISA),IRI(ISA)                                                              

                      ELSE                                                                                                

                          IF(BIR(ISA)>0.)THEN                                                                             

                              WRITE(KW(1),'(T10,A)')'AUTOMATIC IRRIGATION'                                                

                              IF(BIR(ISA)<1.)THEN                                                                         

                                  WRITE(KW(1),3680)BIR(ISA),IRI(ISA)                                                      

                              ELSE                                                                                        

                                  WRITE(KW(1),3630)BIR(ISA),IRI(ISA)                                                      

                              END IF                                                                                      

                          ELSE                                                                                            

                              WRITE(KW(1),'(T10,A)')'USER SPECIFIED IRRIGATION'                                           

                          END IF                                                                                          

                      END IF                                                                                              

                      WRITE(KW(1),3620)VIMX(ISA),ARMN(ISA),ARMX(ISA)                                                      

                      IF(IAC(ISA)==0)THEN                                                                                 

                          WRITE(KW(1),'(T15,A)')'FLEXIBLE APPL VOLUMES'                                                   

                      ELSE                                                                                                

                          WRITE(KW(1),'(T15,A)')'RIGID APPL VOLUMES'                                                      

                      END IF                                                                                              

                      SELECT CASE(IRR(ISA))                                                                               

                      CASE(1)                                                                                             

                          WRITE(KW(1),'(T15,A)')'SPRINKLER IRRIGATION'                                                    

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(2)                                                                                             

                          WRITE(KW(1),'(T15,A)')'FURROW IRRIGATION'                                                       

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(3)                                                                                             

                          WRITE(KW(1),'(T15,A)')'IRRIGATION WITH FERT ADDED'                                              

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(4)                                                                                             

                          WRITE(KW(1),'(T15,A)')'IRRIGATION FROM LAGOON'                                                  

                      CASE(5)                                                                                             

                          WRITE(KW(1),'(T15,A)')'DRIP IRRIGATION'	                                                        

                      END SELECT                                                                                          

                      WRITE(KW(1),'(T15,A,F6.3)')'FRACTION FC TO CALCULATE AUTO IRR VOL =',&                              

                      FIRG(ISA)                                                                                           

                  END IF                                                                                                  

              END IF                                                                                                      

              IF(KFL(1)>0)THEN	                                                                                           

                  IF(BFT(ISA)>0.)THEN                                                                                     

                      WRITE(KW(1),'(T10,A/T15,A,I3,A)')'AUTO SCHEDULED FERT','MIN APPL &                                  

                      INTERVAL = ',IFA(ISA),' d'                                                                          

                      IF(BFT(ISA)>1.)THEN                                                                                 

                          WRITE(KW(1),'(T15,A,F4.0,A)')'SOIL SOL N CONC TRIGGER = ',BFT(ISA)&                             

                          ,' g/t'                                                                                         

                      ELSE                                                                                                

                          WRITE(KW(1),'(T15,A,F5.2)')'PLANT STRESS TRIGGER = ',BFT(ISA)                                   

                      END IF                                                                                              

                      WRITE(KW(1),'(T15,A,F8.1,A)')'FIXED RATE, SURFACE APPLIED = ',FNP&                                  

                      (4,ISA),' kg/ha/APP'                                                                                

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'USER SPECIFIED FERT'                                                         

                  END IF                                                                                                  

                  IF(IDF0(5,ISA)>0.AND.FNP(5,ISA)>0.)WRITE(KW(1),'(T15,A)')'AUTO MANURE APPL'                             

                  WRITE(KW(1),'(T10,A,F8.0,A)')'MAX N FERT/CROP = ',FMX,' kg/ha'                                          

                  IF(IPAT>0)THEN                                                                                          

                      WRITE(KW(1),'(T10,A)')'AUTO P FERT'                                                                 

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'MANUAL P FERT'                                                               

                  END IF                                                                                                  

                  IF(IKAT>0)THEN                                                                                          

                      WRITE(KW(1),'(T10,A)')'AUTO K FERT'                                                                 

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'MANUAL K FERT'                                                               

                  END IF                                                                                                  

              END IF                                                                                                      

              NII(ISA)=IRI(ISA)                                                                                           

              IF(IFD(ISA)>0)THEN                                                                                          

                  IF(FDSF(ISA)<1.E-10)FDSF(ISA)=.9                                                                        

                  IF(KFL(1)>0)WRITE(KW(1),2560)FDSF(ISA)                                                                  

                  FDSF(ISA)=FDSF(ISA)*1000.                                                                               

              END IF                                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  IF(LM(ISA)==0)THEN                                                                                      

                      WRITE(KW(1),'(T10,A)')'LIME APPLIED AS NEEDED'                                                      

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'NO LIME APPLICATIONS'                                                        

                  END IF                                                                                                  

                  WRITE(KW(1),'(T10,A,F10.3)')'USLE P FACTOR = ',PEC(ISA)                                                 

              END IF                                                                                                      

              IF(IDR(ISA)>0)THEN                                                                                          

                  X1=IDR(ISA)                                                                                             

                  X1=.001*IDR(ISA)                                                                                        

                  DO I=1,NBSL(ISA)                                                                                        

                      L=LID(I,ISA)                                                                                        

                      IF(Z(L,ISA)>X1)EXIT                                                                                 

                  END DO                                                                                                  

                  IDR(ISA)=L                                                                                              

                  HCLN(ISA)=HCL(L,ISA)                                                                                    

                  HCL(L,ISA)=MAX(PRMT(83)*SATC(L,ISA),(PO(L,ISA)-S15(L,ISA))/(24.*DRT(ISA)))                              

                  HCLD(ISA)=HCL(L,ISA)                                                                                    

                  IF(KFL(1)>0)WRITE(KW(1),3360)X1,DRT(ISA),HCL(L,ISA)                                                     

              END IF                                                                                                      

              IF(KFL(1)>0.AND.IRRS(ISA)>0)WRITE(KW(1),'(T10,A,I8)')'IRR SUPPLIED FROM RES IN SA',IRRS(ISA)                             

              IF(KFL(1)>0.AND.IRRW(ISA)>0)WRITE(KW(1),'(T10,A,I8)')'IRR SUPPLIED FROM WELL IN SA',IRRW(ISA)                             

              HU(1,ISA)=0.                                                                                                

              IBGN=1                                                                                                      

              JJK=1                                                                                                       

              IPL=0                                                                                                       

              I=1                                                                                                         

              IY1=1                                                                                                       

              IF(KFL(1)>0)WRITE(KW(1),'(/1X,A)')'-----OPERATION SCHEDULE'

              DO !OPSC LOOP

                  NCRP=IGO(ISA)                                                                                         

                  K=1                                                                                                         

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(/T10,A,I2)')'YR',I                                                                            

                      WRITE(KW(1),316)                                                                                            

                  END IF    

                  I1=I-1                                                                                                

                  FNMX(I,ISA)=FMX                                                                                             

                  KI=0                                                                                                        

                  KF=0                                                                                                        

                  KP=0                                                                                                        

                  HU0=0.                                                                                                      

                  IF(JDHU<366)HU(JJK,ISA)=0.                                                                                  

                  IF(IGO(ISA)>0)THEN                                                                                          

                      DO J=1,MNC                                                                                              

                          IF(NHU(J,ISA)==0)CYCLE                                                                              

                          LY(I,K,ISA)=NHU(J,ISA)                                                                              

                          K=K+1                                                                                               

                      END DO                                                                                                  

                  END IF                                                                                                      

                  J=0                                                                                                         

                  DO                                                                                                          

                      J=J+1                                                                                                   

                      ! READ OPERATION SCHEDULE                                                                               

                      !  1  JX(1)= YR OF OPERATION                                                                            

                      !  2  JX(2)= MO OF OPERATION                                                                            

                      !  3  JX(3)= DAY OF OPERATION                                                                           

                      !  4  JX(4)= EQUIPMENT ID NO                                                                            

                      !  5  JX(5)= TRACTOR ID NO                                                                              

                      !  6  JX(6)= CROP ID NO                                                                                 

                      !  7  JX(7)= XMTU--TIME FROM PLANTING TO MATURITY (Y)(FOR TREE                                          

                      !            CROPS AT PLANTING ONLY).                                                                   

                      !          = LYR--TIME FROM PLANTING TO HARVEST (Y)(HARVEST ONLY)                                       

                      !          = PESTICIDE ID NO (FOR PESTICIDE APPLICATION ONLY)                                           

                      !          = FERTILIZER ID NO (FOR FERTILIZER APPLICATION ONLY)                                         

                      !  8  OPV1 = POTENTIAL HEAT UNITS FOR PLANTING (0 IF UNKNOWN)                                       

                      !          = APPLICATION VOLUME (mm)FOR IRRIGATION                                                      

                      !          = FERTILIZER APPLICATION RATE (kg/ha) = 0 FOR VARIABLE RATE                                  

                      !          = PESTICIDE APPLICATION RATE (kg/ha)                                                         

                      !          = STOCKING RATE FOR GRAZE (ha/hd)                                                            

                      !  9  OPV2 = 2 CONDITION SCS RUNOFF CURVE NUMBER (OPTIONAL)                                             

                      !          = PEST CONTROL FACTOR FOR PEST APPLICATION (FRACTION OF PESTS                                

                      !            CONTROLLED)                                                                                

                      ! 10  OPV3 = PLANT WATER STRESS FACTOR(0-1); SOIL WATER TENSION(>1KPA);                                 

                      !            OR PLANT AVAILABLE WATER DEFICIT IN ROOT ZONE(-MM)TO                                       

                      !            TRIGGER AUTO IRR. (0. OR BLANK DOES NOT CHANGE TRIGGER)                                    

                      ! 11  OPV4 = RUNOFF VOL/VOL IRRIGATION WATER APPLIED                                                    

                      ! 12  OPV5 = PLANT POPULATION (PLANTS/M**2 OR PLANTS/ha IF P/m2<1.)                                     

                      !            (FOR PLANTING ONLY)                                                                        

                      !          = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)                                          

                      ! 13  OPV6 = MAX ANNUAL N FERTILIZER APPLIED TO A CROP (0. OR BLANK                                     

                      !            DOES NOT CHANGE FMX; > 0 SETS NEW FMX)(FOR PLANTING ONLY)                                  

                      ! 14  OPV7 = TIME OF OPERATION AS FRACTION OF GROWING SEASON (ENTER                                     

                      !            EARLIEST POSSIBLE MO & DAY -- JX(2) & JX(3))                                               

                      !     LINE 3/L                                                                                          

                      IF(I==1.OR.J>1)READ(KR(16),2470,IOSTAT=NFL)JX,(OPV(L),L=1,7)                                            

                      IF(NFL/=0)EXIT                                                                                          

                      IF(JX(1)/=IY1)EXIT                                                                                      

                      CALL TILTBL                                                                                             

                      LT(I,J,ISA)=NDT                                                                                         

                      JH(I,J,ISA)=JX(6)                                                                                       

                      IJ=LT(I,J,ISA)                                                                                          

                      CALL ADAJ(NC,ITL(I,J,ISA),JX(2),JX(3),NYD)                                                              

                      X4=TLD(IJ)*1000.                                                                                        

                      I3=IHC(IJ)                                                                                              

                      IF(IBGN<ITL(I,J,ISA))THEN

                          IF(IGO(ISA)>0)HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,ITL(I,J,ISA),&                                    

                          BASE,0)/(PHU(JJK,IHU(JJK,ISA),ISA)+1.)                                                                  

                          HU0=HU0+CAHU(IBGN,ITL(I,J,ISA),0.,1)/AHSM                                                               

                          IBGN=ITL(I,J,ISA)                                                                                       

                      ELSE

                          IF(IBGN/=ITL(I,J,ISA))THEN                                                                        

                              IF(IGO(ISA)>0)THEN

                                  HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,365,BASE,0)/&                                           

                                  (PHU(JJK,IHU(JJK,ISA),ISA)+1.)                                                                          

                                  IBGN=1                                                                                                  

                                  HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,ITL(I,J,ISA),&

                                  BASE,0)/(PHU(JJK,IHU(JJK,ISA),ISA)+1.)

                                  HU0=HU0+CAHU(IBGN,ITL(I,J,ISA),0.,1)/AHSM

                                  IBGN=ITL(I,J,ISA)

                              END IF

                          END IF

                      END IF    

                      IF(OPV(7)>0..OR.IHUS==0)THEN                                                                

                          HUSC(I,J,ISA)=OPV(7)                                                                              

                      ELSE                       

                          IF(IGO(ISA)==0)THEN 

                              HUSC(I,J,ISA)=HU0                                                                                 

                          ELSE                            

                              IF(IDC(JJK)==NDC(1).OR.IDC(JJK)==NDC(2).OR.&

                              IDC(JJK)==NDC(4).OR.IDC(JJK)==NDC(5).OR.&

                              IDC(JJK)==NDC(9))HUSC(I,J,ISA)=HU(JJK,ISA)                                                                         

                          END IF

                      END IF

                      CALL INIFP(I3,I,J,JRT)                                                                            

                      ! PRINTOUT OPERATION SCHEDULE                                                                       

                      IF(KFL(1)>0)WRITE(KW(1),317)I,JX(2),JX(3),TIL(IJ),I3,COTL(IJ),&                                         

                      EMX(IJ),RR(IJ),X4,FRCP(IJ),RHT(IJ),RIN(IJ),DKH(IJ),DKI(IJ),HE&                                          

                      (IJ),ORHI(IJ),CN2(ISA),BIR(ISA),EFI(ISA),HUSC(I,J,ISA)                                                  

                      IF(TLD(IJ)>BIG(ISA))BIG(ISA)=TLD(IJ)                                                                    

                      IF(I3==NHC(5).OR.I3==NHC(6))THEN                                                                        

                          IF(OPV(3)>0)SLAI(JJK,ISA)=OPV(3) !Initial LAI at planting Jaehak paddy modeling 2023

                          NCRP=NCRP+1                                                                                         

                          IGO(ISA)=IGO(ISA)+1                                                                                 

                          X3=OPV(5)                                                                                           

                          CALL CPTBL                                                                                          

                          IF(OPV(6)>0.)FMX=OPV(6)                                                                             

                          FNMX(I,ISA)=FMX                                                                                     

                          BASE=TBSC(JJK)                                                                                      

                          IPL=ITL(I,J,ISA)+365*I1                                                                             

                          LY(I,K,ISA)=JJK                                                                                     

                          NHU(JJK,ISA)=JJK                                                                                    

                          K=K+1                                                                                               

                          IF(KFL(1)>0)WRITE(KW(1),2480)CPNM(JJK)                                                              

                          CYCLE                                                                                               

                      END IF                                                                                                  

                      IF(I3/=NHC(1).AND.I3/=NHC(2).AND.I3/=NHC(3))CYCLE                                                       

                      IF(KDC1(JX(6))==0)CYCLE                                                                                 

                      JJK=KDC1(JX(6))                                                                                         

                      IF(I3==NHC(1))THEN                                                                                      

                          IHV=ITL(I,J,ISA)+365*I1                                                                             

                          NHU(JJK,ISA)=0                                                                                      

                          IGO(ISA)=MAX(0,IGO(ISA)-1)                                                                          

                      END IF                                                                                                  

                      HU(JJK,ISA)=0.                                                                                          

                      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))LYR&                                       

                      (I,J,ISA)=MAX(1,JX(7))                                                                                  

                      IF(KFL(1)>0)WRITE(KW(1),2480)CPNM(JJK)                                                                  

                  END DO                                                                                                      

                  ITL(I,J,ISA)=367                                                                                            

                  HUSC(I,J,ISA)=10.                                                                                           

                  NCP(I,ISA)=MAX(NCRP,1)

                  NTP=0

                  N2=0

                  DO J3=1,NCP(I,ISA)

                      J4=LY(I,J3,ISA)

                      IF(J4==0)CYCLE

                      IF(NTP(J4)>0)N2=N2+1      

                      NTP(J4)=1

                  END DO

                  NCP(I,ISA)=NCP(I,ISA)-N2

                  NTL(I,ISA)=J-1                                                                                              

                  NPST(I,ISA)=KP                                                                                              

                  NFRT(I,ISA)=KF                                                                                              

                  LT(I,J,ISA)=1                                                                                               

                  JH(I,J,ISA)=0                                                                                               

                  CND(I,J,ISA)=CN2(ISA)                                                                                       

                  QIR(I,J,ISA )=EFI(ISA)                                                                                      

                  TIR(I,J,ISA)=BIR(ISA)                                                                                       

                  FIRX(I,J,ISA)=FIRG(ISA)                                                                                     

                  RSTK(I,J,ISA)=RST0(ISA)                                                                                     

                  IF(KFL(1)>0)THEN                                                                                            

                      IF(KI>0)THEN                                                                                            

                          WRITE(KW(1),2590)                                                                                   

                          DO L=1,KI                                                                                           

                              N1=KIR(L)                                                                                       

                              ! PRINTOUT IRRIGATION SCHEDULE                                                              

                              WRITE(KW(1),2420)I,NIR(L),IIR(L),VIRR(I,N1,ISA),HUSC(I,N1,ISA)                                  

                          END DO                                                                                              

                      END IF                                                                                                  

                      IF(KF>0)THEN                                                                                            

                          WRITE(KW(1),328)                                                                                    

                          MO=1                                                                                                

                          JJ=367                                                                                              

                          KK=0                                                                                                

                          DO L=1,NTL(I,ISA)                                                                                   

                              J2=LT(I,L,ISA)                                                                                  

                              IF(IHC(J2)/=NHC(9))CYCLE                                                                        

                              X1=MAX(0.,COTL(J2))                                                                             

                              JDA=ITL(I,L,ISA)                                                                                

                              IF(NYD==0)JDA=JDA+1                                                                             

                              IF(JDA==JJ.AND.NBT(J2)==0.AND.NBE(J2)==KK)X1=0.                                                 

                              JJ=JDA                                                                                          

                              KK=NBE(J2)                                                                                      

                              CALL AXMON                                                                                      

                              CALL AICL                                                                                       

                              M=LFT(I,L,ISA)                                                                                  

                              XZ=FCST(M)*WFA(I,L,ISA)                                                                         

                              XY=X1+XZ                                                                                        

                              X4=TLD(J2)*1000.                                                                                

                              ! PRINTOUT FERTILIZER SCHEDULE                                                              

                              WRITE(KW(1),329)I,MO,KDA,FTNM(M),KDF(M),NBE(J2),NBT(J2),XY,WFA&                                 

                              (I,L,ISA),X4,FN(M),FNMA(M),FNO(M),FP(M),FPO(M),HUSC(I,L,ISA)                                    

                          END DO                                                                                              

                      END IF                                                                                                  

                      IF(KP>0)THEN                                                                                            

                          IF(MASP==1)THEN                                                                                     

                              AUNT='(g/ha)'                                                                                   

                          ELSE                                                                                                

                              AUNT='(kg/ha)'                                                                                  

                          END IF                                                                                              

                          WRITE(KW(1),3850)AUNT                                                                               

                          DO L=1,KP                                                                                           

                              N1=NPC(L)                                                                                       

                              M=LPC(I,L,ISA)                                                                                  

                              ! PRINTOUT PESTICIDE SCHEDULE                                                               

                              WRITE(KW(1),3860)I,KPC(L),JPC(L),PSTN(M),PSTR(I,L,ISA),PSTE&                                    

                              (I,L,ISA),PCST(M),HUSC(I,N1,ISA)                                                                

                          END DO                                                                                              

                      END IF                                                                                                  

                  END IF                                                                                                      

                  IF(NFL==0.AND.JX(1)>0)THEN                                                                                  

                      I=JX(1)                                                                                                 

                      IY1=I                                                                                                   

                  ELSE

                      EXIT

                  END IF    

              END DO !OPSC LOOP                                                                                                      

              NRO(ISA)=IY1                                                                                                

              JX(4)=IAUI(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAUI(ISA)=NDT                                                                                               

              IF(KFL(1)>0)WRITE(KW(1),677)TIL(NDT),TLD(NDT)                                                               

              JX(4)=IAUF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              IAUF(ISA)=NDT                                                                                               

              JX(4)=IAMF(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAMF(ISA)=NDT                                                                                               

              JX(4)=ISPF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              ISPF(ISA)=NDT                                                                                               

              JX(4)=ILQF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              ILQF(ISA)=NDT                                                                                               

              JX(4)=IAUL(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAUL(ISA)=NDT                                                                                               

              K=1                                                                                                         

              IF(IDF0(1,ISA)==0)IDF0(1,ISA)=10    ! Modified from 69 for consistency with FERTCOM.DAT - Luca Doro 2023-04                       

              IF(IDF0(2,ISA)==0)IDF0(2,ISA)=1     ! Modified from 69

              IF(IDF0(3,ISA)==0)IDF0(3,ISA)=54    ! Modified from 53

              IF(IDF0(4,ISA)==0)IDF0(4,ISA)=53    ! Modified from 52

              IF(IDF0(5,ISA)==0.AND.FNP(5,ISA)>0.)IDF0(5,ISA)=1    ! Modified from 69

              IF(IDF0(6,ISA)==0)IDF0(6,ISA)=55    ! Modified from 54

              DO K2=1,6                                                                                                   

                  IF(IDF0(K2,ISA)>0)THEN                                                                                  

                      JX(7)=IDF0(K2,ISA)                                                                                  

                      CALL NFTBL(K)                                                                                       

                      IDF0(K2,ISA)=K                                                                                      

                  END IF                                                                                                  

              END DO                                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  WRITE(KW(1),716)TIL(IAUF(ISA)),TLD(IAUF(ISA)),FTNM(IDF0(4,ISA))                                         

                  WRITE(KW(1),689)TIL(IAMF(ISA)),TLD(IAMF(ISA)),FTNM(IDF0(2,ISA))                                         

                  WRITE(KW(1),690)TIL(ISPF(ISA)),TLD(ISPF(ISA)),FTNM(IDF0(2,ISA))                                         

                  WRITE(KW(1),691)TIL(ILQF(ISA)),TLD(ILQF(ISA)),FTNM(IDF0(1,ISA))                                         

              END IF                                                                                                      

              DO I=1,NRO(ISA)                                                                                             

                  I1=I-1                                                                                                  

                  IF(I1==0)I1=NRO(ISA)                                                                                    

                  ANA(I,ISA)=0.                                                                                           

                  IF(LY(I,1,ISA)>0)CYCLE                                                                                  

                  IF(LY(I1,NCP(I1,ISA),ISA)>0)THEN                                                                        

                      LY(I,1,ISA)=LY(I1,NCP(I1,ISA),ISA)                                                                  

                  ELSE                                                                                                    

                      I2=I1-1                                                                                             

                      LY(I,1,ISA)=LY(I2,NCP(I2,ISA),ISA)                                                                  

                  END IF                                                                                                  

              END DO                                                                                                      

              IF(IGO(ISA)>0)THEN                                                                                          

                  DO J=1,LC                                                                                               

                      IF(NHU(J,ISA)==0)CYCLE                                                                              

                      DO I=1,NCP(1,ISA)                                                                                   

                          IF(LY(1,I,ISA)==J)EXIT                                                                          

                      END DO                                                                                              

                      IF(I<=NCP(1,ISA))CYCLE                                                                              

                      NCP(1,ISA)=NCP(1,ISA)+1                                                                             

                      L=NCP(1,ISA)                                                                                        

                      L1=1000                                                                                             

                      DO WHILE(L1>1)                                                                                      

                          L1=L-1                                                                                          

                          LY(1,L,ISA)=LY(1,L1,ISA)                                                                        

                          L=L1                                                                                            

                      END DO                                                                                              

                      LY(1,1,ISA)=NHU(J,ISA)                                                                              

                  END DO                                                                                                  

              END IF                                                                                                      

              I=NRO(ISA)                                                                                                  

              JD(ISA)=MAX(1,LY(I,NCP(I,ISA),ISA))                                                                         

              IF(RZ(ISA)>XX)RZ(ISA)=XX                                                                                    

              IF(BIG(ISA)>XX)BIG(ISA)=XX                                                                                  

              TNOR(ISA)=0.                                                                                                

              STDN(JD(ISA),ISA)=8.29*STDO(ISA)                                                                            

              STDL(JD(ISA),ISA)=.1*STDO(ISA)                                                                              

              BTN(ISA)=WSA(ISA)*(ZNO3(ISA)+ZON(ISA)+STDN(JD(ISA),ISA))                                                               

              BTNX(ISA)=BTN(ISA)/WSA(ISA)    ! /WSA(ISA) added to correct unit of BTN first year in AWP - Luca Doro 2023-04

              BTNZ(ISA)=BTN(ISA)                                                                                          

              TBTN=TBTN+BTN(ISA)                                                                                 

              STDP(JD(ISA),ISA)=1.04*STDO(ISA)                                                                            

              BTP(ISA)=WSA(ISA)*(ZPML(ISA)+ZPMA(ISA)+ZPMS(ISA)+ZPO(ISA)+&

              ZFOP(ISA)+STDP(JD(ISA),ISA))                                                                                               

              BTPX(ISA)=BTP(ISA)/WSA(ISA)    ! /WSA(ISA) added to correct unit of BTN first year in AWP - Luca Doro 2023-04

              BTPZ(ISA)=BTP(ISA)                                                                                          

              STDK(JD(ISA),ISA)=8.29*STDO(ISA)                                                                            

              BTK(ISA)=ZSK(ISA)+ZEK(ISA)+ZFK(ISA)+STDK(JD(ISA),ISA)                                                       

              KK=NTL(1,ISA)                                                                                               

              KP1(ISA)=1                                                                                                  

              DO KT2=1,KK                                                                                                 

                  IF(ITL(1,KT2,ISA)>=IBD)EXIT

                  II=IHC(LT(1,KT2,ISA))                                                                                   

                  IF(II==NHC(7))KP1(ISA)=KP1(ISA)+1                                                                       

              END DO

              IF(KT2>KK)KT2=KK

              KT(ISA)=KT2                                                                                           

              JT2=LT(1,KT(ISA),ISA)                                                                                       

              UB1(ISA)=RZ(ISA)*5.                                                                                         

              UOB(ISA)=1.-EXP(-UB1(ISA))                                                                                  

              IGO(ISA)=0                                                                                                  

              JJK=LY(1,1,ISA)                                                                                             

              AWC(JJK,ISA)=0.                                                                                             

              IRO(ISA)=0                                                                                                  

              JP(JJK,ISA)=0                                                                                               

              KC(ISA)=0                                                                                                   

              MO=MO1                                                                                                      

              CLOSE(KR(16))                                                                                               

              DO K=1,6                                                                                                    

                  IDFT(K,ISA)=IDF0(K,ISA)                                                                                 

              END DO                                                                                                         

          END DO   ! SUBAREA LOOP

          !Initialize parameters for Richards' percolation method Jaehak 2017

          IF(IPRK==2) CALL HPERC2(1)

          

          XSL=333.6*(XCU-XCS)*COS1

          YSL=333.6*(YCU-YCS)

          XCS=111.2*(2.*XCS-XCU)*COS1

          YCS=111.2*(2.*YCS-YCU)

          SEV=0.

          !DO I=1,NWTH

              !L=I+KND

	          !CALL WREAD(L,2)

	      !END DO

  	      IF(NGN<0.OR.INFL==4)IRF=1

          TWMB=.001*TWMB

          DO IOW=1,NBON

              OSAA(IOW)=0.

              NSAS(IOW)=0

              NSAL(IOW)=0

              OWSA(IOW)=0.

              DO ISA=1,MSA

                  IF(IDON(ISA)/=IOW)CYCLE

                  IF(IAPL(ISA)==0)CYCLE

                  OWSA(IOW)=OWSA(IOW)+WSA(ISA)

                  IF(IAPL(ISA)<0)THEN

                      I1=-1

                      NSAL(IOW)=NSAL(IOW)+1

                      IDSL(NSAL(IOW),IOW)=ISA

                  ELSE

                      OSAA(IOW)=OSAA(IOW)+WSA(ISA)

                      NSAS(IOW)=NSAS(IOW)+1

                      IDSS(NSAS(IOW),IOW)=ISA      

                      I1=1

                  END IF

                  IF(NFED(IOW)==0)CYCLE

                  DO J=1,NFED(IOW)

                      IF(IDFD(J,IOW)==I1*IAPL(ISA))EXIT

                  END DO

                  IAPL(ISA)=I1*IDFA(J,IOW)

              END DO

              ISAS(IOW)=IDSS(1,IOW)

          END DO

          NY=0

          DO IOW=1,NBON

              NGIX(1,1,IOW)=1

              IF(NHRD(IOW)==0)CYCLE

              DO IHD=1,NHRD(IOW)

                  JX(7)=IDMU(IHD,IOW)

                  CALL NFTBL(K)

                  IDMU(IHD,IOW)=K

                  IGZO(IHD,IOW)=0

                  DO ISA=1,MSA

                      IF(IDON(ISA)/=IOW)CYCLE

                      IF(IFED(IHD,IOW)==ISA)THEN

                          GCOW(IHD,ISA)=NCOW(IHD,IOW)*FFED(IHD,IOW)

                      ELSE

                          IF(NGZ(IHD,ISA)==0)CYCLE

                          GCOW(IHD,ISA)=NCOW(IHD,IOW)*(1.-FFED(IHD,IOW))

                          IGZO(IHD,IOW)=IGZO(IHD,IOW)+1

                          NGIX(IGZO(IHD,IOW),IHD,IOW)=ISA

                          IGZ(ISA)=0

                      END IF

                  END DO

                  ISA=MSA

                  NGZA(IHD,IOW)=IGZO(IHD,IOW)

                  I2=NGZA(IHD,IOW)

                  IF(I2==0)CYCLE

                  IGZX(IHD,IOW)=NGIX(I2,IHD,IOW)

                  IF(IHD>1)THEN

                      DO J=1,IHD

                          J1=IGZO(IHD,IOW)

                          DO WHILE(IGZX(IHD,IOW)==NY(J))

                              J1=J1-1      

                              IGZX(IHD,IOW)=NGIX(J1,IHD,IOW)

                          END DO

                          IGZO(IHD,IOW)=J1

                      END DO

                  END IF

                  NY(IHD)=IGZX(IHD,IOW)

              END DO

              IHD=NHRD(IOW)

          END DO

          IF(NDP>0)THEN

	          IF(KFL(1)/=0)THEN

                  WRITE(KW(1),'(//1X,A/)')'____________________PESTICIDE &

                  DATA____________________'

                  WRITE(KW(1),3900)

              END IF

              DO I=1,NDP

                  ! PRINTOUT PESTICIDE DATA

                  IF(KFL(1)>0)WRITE(KW(1),3880)PSTN(I),PSOL(I),PHLS(I),PHLF(I)&

                  ,PWOF(I),PKOC(I),PCST(I)

                  PSOL(I)=PSOL(I)*10.

                  PHLS(I)=1.-EXP(-.693/PHLS(I))

                  PHLF(I)=1.-EXP(-.693/PHLF(I))

              END DO

          END IF

          CALL CRPIO

          DO I=2,MSO-1

              IF(KFL(I)==0.OR.(I>33.AND.I<37.OR.I==49))CYCLE

              WRITE(KW(I),3381)IYER,IMON,IDAY,IT1,IT2,IT3

              WRITE(KW(I),'(T10,A,I4)')'RUN # ',IRUN

              WRITE(KW(I),'(10X,20A4)')TITLE

              WRITE(KW(I),5031)SITEFILE

              WRITE(KW(I),5031)SAFILE

          END DO

          IF(KFL(45)>0)THEN

              WRITE(KW(45),'(3A6,30A10)') 'YEAR','DAY','SUB','PRECIP',&

              'IRR','PKRZ','ET','Q','LAI','SEDYLD','QN','QP','PAD_QVOL',&

              'PAD_SED','PAD_MinN','PAD_MinP'

              WRITE(KW(45),'(3A6,30A10)') ' ',' ',' ','(mm)','(mm)',&

              '(mm)','(mm)','(mm)',' ','(t/ha)','(kg/ha)','(kg/ha)',&

              '(mm)','(t/ha)','(kg/ha)','(kg/ha)'

          END IF    

          CALL ASORTI(NBSA,IBSA,MSA)

          NPSO=1

          L=2

          MXW=1

          LND=KND+NWTH

          DO ISA=1,MSA

              IF(IPTS(ISA)>0)THEN

              ! DAILY POINT SOURCE FILE NAME      

                  JJ=-1

                  DO WHILE(JJ/=IPTS(ISA))

                      READ(KR(27),*,IOSTAT=NFL)JJ,FPSO(JJ)

                      IF(NFL/=0)THEN

                          WRITE(*,*)'POINT SOURCE NO = ',IPTS(ISA),' NOT IN PT SO &

                          LIST FILE     SAID = ',NBSA(ISA)

	                      STOP

	                  END IF

	              END DO

	              REWIND KR(27)

                  IF(NPSO>1)THEN

                      DO L=1,MXW

                          IF(NBW(L)==IPTS(ISA))EXIT

                      END DO

                  END IF

                  IF(L>MXW)THEN

                      MXW=NPSO

                      L=MXW+LND

                      NBW(MXW)=IPTS(ISA)

                      IPSO(ISA)=NPSO

	                  NPSO=NPSO+1

	                  CALL OPENV(KR(L),FPSO(JJ),IDIR)

	                  DO J=1,6

			              READ(KR(L),'()')

		              END DO

	                  CALL WREAD(L,3)

	              ELSE

	                  IPSO(ISA)=L  

	              END IF

              END IF	

              LRG=0

        !     IF(KFL(21)>0)CALL SOCIOA(1)

              IF(KFL(22)>0)CALL SOCIOD(1)

              DO J=1,LC

                  STD(J,ISA)=0.

                  NHU(J,ISA)=IHU(J,ISA)

                  IF(NHU(J,ISA)>LRG)LRG=NHU(J,ISA)

                  IF(RDMX(J)>RZ(ISA))RZ(ISA)=RDMX(J)

                  IHU(J,ISA)=1

                  UNA(J,ISA)=625.*BN(3,J)*WA(J)

              END DO

              YLTI=YCT(ISA)/CLT

              SINI=SIN(YLTI)

              COSI=COS(YLTI)

              DO J=ISA+1,MSA

                  RY=YCT(J)/CLT

                  XX=SINI*SIN(RY)+COSI*COS(RY)*COS((XCT(J)-XCT(ISA))/CLT)

                  XX=MIN(1.,XX)

                  SADST(ISA,J)=6378.8*ACOS(XX)

                  !SADST(ISA,J)=ATRI(.25,.5,1.,9)

                  SADST(J,ISA)=SADST(ISA,J)

              END DO

          END DO    

          NPSO=NPSO-1

          SMMC=0.

          IF(KFL(1)>0)THEN

              WRITE(KW(1),2122)'POP',(POPX(J),J=1,LC)

              WRITE(KW(1),2122)'MXLA',(PLAX(J),J=1,LC)

              WRITE(KW(1),2123)'PHU',(PHUX(J),J=1,LC)

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'________________SUBAREA HYDROLOGIC DATA__&

              _______________________'

              WRITE(KW(1),2111)

              SMWD=0.

              DO ISA=1,MSA

                  AWTH=' '

                  IF(NGN>0)THEN

                      AWTH=FWTH(IRF(ISA))

                      SMWD(IRF(ISA))=SMWD(IRF(ISA))+WSA(ISA)

                  END IF

                  IF(ISLF==0)THEN

	                  X1=RLF(ISA)*RSF(ISA)

	              ELSE

	                  X1=SLF(ISA)

	              END IF

                  WRITE(KW(1),3121)ISA,NBSA(ISA),ACET(1,ISA),XCT(ISA),&

                  YCT(ISA),(ACET(I,ISA),I=2,8),X1,TC(ISA),RFPK(ISA),&

                  GWST(ISA),GWMX(ISA),RFTT(ISA),SNO(ISA),STDO(ISA),&

                  URBF(ISA),BCOF(ISA),BFFL(ISA),CN2(ISA),TITSO(ISA),&

                  TITOP(ISA),NVCN(ISA),SATK(ISA),AWTH

	          END DO

	          WRITE(KW(1),'(T5,A,3E20.10)')'SUM WSA = ',TOT,SUMA,RWSA(MSA)

	          IF(NGN>0)THEN

                  DO I=1,NWTH

                      SMWD(I)=SMWD(I)/TOT

                      WRITE(KW(1),2124)FWTH(I),SMWD(I)

                  END DO

              END IF

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'___________________ROUTING REACH DATA____&

              _______________________'

              WRITE(KW(1),2126)

              DO ISA=1,MSA

                  ! PRINTOUT REACH DATA

                  IF(ABS(ACET(2,ISA)-RCHL(ISA))>1.E-5)WRITE(KW(1),3122)ISA,NBSA&

                  (ISA),WSA(ISA),RWSA(ISA),RCHL(ISA),RCHD(ISA),RCHS(ISA),RCBW(ISA)&

                  ,RCTW(ISA),RCHN(ISA),RCHC(ISA),RCHK(ISA),RFPW(ISA),RFPL(ISA),&

                  RFPS(ISA)

                  RCHK(ISA)=RCHK(ISA)*RCHC(ISA)

              END DO

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'___________________RESERVOIR DATA________&

              ___________________'

              WRITE(KW(1),2128)

          END IF    

	      SRYB=0.

	      SRVA=0.

	      SPDA=0.

          BSWB=0.

          BSNOB=0.

          BRSVB=0.

          BGWSB=0.

          BSWLB=0.

	      JDA=IBD-1

          IF(JDA<=0)JDA=365

          DO ISA=1,MSA !INITIAL WATER CONTENT LOOP

              X1=RWSA(ISA)

              IF(IEXT(ISA)>0)X1=WSA(ISA)

              RFTT(ISA)=1.-EXP(-1./RFTT(ISA))

              IF(ISA==KSA)THEN

                  GWE0(ISA)=ELMN-50.

                  GWEL(ISA)=GWE0(ISA)

              ELSE    

                  GWE0(ISA)=ELMN-50.+GWSP*SADST(ISA,KSA)

                  GWEL(ISA)=GWE0(ISA)

              END IF    

              WSAX1=10.*WSA(ISA)

              GWST(ISA)=GWST(ISA)*WSAX1

              GWMX(ISA)=GWMX(ISA)*WSAX1

              BSW(ISA)=WSAX1*SW(ISA)

              BSWB=BSWB+BSW(ISA)

              BSNO(ISA)=WSAX1*SNO(ISA)

              BSNOB=BSNOB+BSNO(ISA)

              BGWS(ISA)=GWST(ISA)

              BGWSB=BGWSB+BGWS(ISA)

              SAET=0.

              CALL WHLRMX(JDA)

              HR0(ISA)=HRLT

              SALA(ISA)=WSA(ISA)

              IF(RSAE(ISA)>0.)THEN

                  IF(PCOF(ISA)>0..AND.PCOF(ISA)<1.)THEN

                      X1=WSA(ISA)*PCOF(ISA)

	                  SPDA=SPDA+X1

	              ELSE

                      SRVA=SRVA+X1

	              END IF

                  ! PRINTOUT RESERVOIR DATA

                  IF(KFL(1)>0)WRITE(KW(1),3123)ISA,NBSA(ISA),RWSA(ISA),RSAE(ISA),RVE0(ISA),RSAP&

                  (ISA),RVP0(ISA),RSRR(ISA),RSV(ISA),RSYS(ISA),RSYN(ISA),RSHC(ISA),&

                  RSDP(ISA)

                  A10=10.*X1

                  ! SET INITIAL RESERVOIR PARAMETERS

                  RSYS(ISA)=RSYS(ISA)*1.E-6

                  RSYN(ISA)=RSYN(ISA)*1.E-6

	              RVE0(ISA)=RVE0(ISA)*A10

                  RVP0(ISA)=RVP0(ISA)*A10

	              RSVP(ISA)=RVP0(ISA)

	              RSVE(ISA)=RVE0(ISA)

                  RSV(ISA)=RSV(ISA)*A10

                  RSVB(ISA)=RSV(ISA)

            !     SWST(LID(1,ISA),ISA)=SWST(LID(1,ISA),ISA)+.1*RSV(ISA)/WSA(ISA)

                  RSRR(ISA)=(RSVE(ISA)-RSVP(ISA))/RSRR(ISA)

                  RSDP(ISA)=EXP(-4.605/RSDP(ISA))

                  RSO3(ISA)=0.

                  RSSP(ISA)=.0001*RSV(ISA)

                  X1=LOG10(RSAE(ISA))-LOG10(RSAP(ISA))

	              X2=LOG10(RSVE(ISA))-LOG10(RSVP(ISA))

                  !BV2(ISA)=X2/X1 

                  !BV1(ISA)=RSVE(ISA)/RSAE(ISA)**BV2(ISA)

	              !BA2(ISA)=(LOG10(RSEE(ISA))-LOG10(RSEP(ISA)))/X1

                  !BA1(ISA)=RSEE(ISA)/RSAE(ISA)**BA2(ISA)

                  BR2(ISA)=X1/X2

                  BR1(ISA)=RSAE(ISA)/RSVE(ISA)**BR2(ISA)

                  RSSA(ISA)=BR1(ISA)*RSV(ISA)**BR2(ISA)

                  SALA(ISA)=WSA(ISA)-RSSA(ISA)

                  X1=WSAX1*BSW(ISA)

	              IF(KFL(13)>0)WRITE(KW(13),4094)ISA,X1

                  RSYS(ISA)=RSYS(ISA)*RSV(ISA)

                  SRYB=SRYB+RSYS(ISA)

                  RSON(ISA)=1.5*RSYS(ISA)

                  RSOP(ISA)=RSYS(ISA)

	              RSOC(ISA)=15.*RSYS(ISA)

                  RSYB(ISA)=RSYS(ISA)

              ELSE

                  RSV(ISA)=0.

              END IF    

              BRSV(ISA)=RSV(ISA)

              BRSVB=BRSVB+RSV(ISA)

              BSALA(ISA)=SALA(ISA)

          END DO  !INITIAL WATER CONTENT LOOP

          SRYX=SRYB

          RTO=SRVA/RWSA(MSA)

	      IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,F8.4)')'FRACTION OF WATERSHED CONTROLLED BY &

	      RESERVOIRS = ',RTO

	      NCMD=K1-1

	      RWSA(NCMD)=SUMA 

          IF(KFL(1)>0)THEN

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'____________________ROUTING SCHEME&

              ______________'

              WRITE(KW(1),16)

          END IF

          ! PRINTOUT ROUTING COMMAND TABLE

          DO I=1,NCMD

              IF(ICDT(I)>2)THEN

                  IF(KFL(1)>0)WRITE(KW(1),17)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                  IDN1T(I),IDN2T(I)

              ELSE

                  IDO=IDOT(I)

                  IF(ICDT(I)==2)THEN

                      ISA=IDN2T(I)

                      I1=NBSA(ISA)

                      IF(KFL(1)>0)WRITE(KW(1),17)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                      IDN1T(I),IDN2T(I),I1

                  ELSE

                      ISA=IDN1T(I)

                      I1=NBSA(ISA)

                      IF(KFL(1)>0)WRITE(KW(1),2151)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                      IDN1T(I),I1,IDN2T(I)

                  END IF

                  IDOA(ISA)=IDO              

              END IF     

          END DO

          DO    ! OUTPUT LOOP

              IF(KFL(2)>0)WRITE(KW(2),2284)

              IF(KFL(3)>0)WRITE(KW(3),4085)(HED(KY(J1)),J1=1,NKY),HED(NDVSS)

              IF(KFL(4)>0)WRITE(KW(4),4081)(HED(KY(J1)),J1=1,NKY)

              IF(KFL(5)>0)THEN

                  WRITE(KW(5),935)SUMA,(PSTN(K),K=1,NDP)

                  WRITE(KW(5),937)                                        

              END IF

              IF(KFL(37)>0)THEN

                  WRITE(KW(37),935)SUMA

                  WRITE(KW(37),939)                                        

              END IF

              IF(KFL(8)>0)WRITE(KW(8),1001)

              IF(KFL(9)>0)WRITE(KW(9),2112)

              IF(KFL(43)>0)THEN

                  WRITE(KW(43),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(43),900)

              END IF 

              IF(KFL(46)>0)THEN

                  WRITE(KW(46),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(46),900)

              END IF    

              IF(KFL(47)>0)THEN

                  WRITE(KW(47),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(47),900)

              END IF    

              IF(KFL(48)>0)THEN

                  WRITE(KW(48),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(48),900)

              END IF    

              IF(KFL(11)>0)WRITE(KW(11),4082)HEDC,(HED(KD(J1)),J1=1,NKD),&

              (HEDS(KS(J1)),J1=1,NKS)

              !IF(KFL(11)>0)WRITE(KW(11),4082)(HED(KD(J1)),J1=1,NKD)

              !(HEDS(KS(J1)),J1=1,NKS),HEDC

              !IF(KFL(11)>0)WRITE(KW(11),4082)'GWST','GWSN',HED(16),HED(71),&

              !HED(72),HED(40),HED(96),HED(80)

              IF(KFL(44)>0)WRITE(KW(44),3990)(HED(KD(J1)),J1=1,NKD)

              IF(KFL(13)>0)WRITE(KW(13),4084)

              IF(KFL(14)>0)WRITE(KW(14),2313)

              IF(KFL(15)>0)WRITE(KW(15),603)

              IF(KFL(16)>0)WRITE(KW(16),4083)' RFV',(HED(KD(J1)),J1=1,NKD)

	          IF(KFL(29)>0)WRITE(KW(29),2072)

              IF(KFL(17)>0)WRITE(KW(17),3284)HED(4),(HEDR(J),HEDR(J+10),J=1,10)

              IF(KFL(18)>0)WRITE(KW(18),3285)

              IF(KFL(19)>0)WRITE(KW(19),3286)

              IF(KFL(20)>0)WRITE(KW(20),3287)

              IF(KFL(24)>0)WRITE(KW(24),4091)

              IF(KFL(25)>0)WRITE(KW(25),3288)

	          IF(KFL(27)>0)WRITE(KW(27),729)

	          IF(KFL(28)>0)THEN

                  WRITE(KW(28),934)SUMA,(PSTN(K),K=1,NDP)                                        

                  WRITE(KW(28),938)

              END IF

	          IF(KFL(30)>0)WRITE(KW(30),'(/1X,A)')'-----AVE ANNUAL VALUES(g/ha)'

	          IF(KFL(31)>0)WRITE(KW(31),583)

	          IF(KFL(32)>0)WRITE(KW(32),584)

	          IF(KFL(38)>0)WRITE(KW(38),585)

	          IF(IPD>0.AND.KFL(34)>0)THEN

	              WRITE(KW(34),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                  WRITE(KW(34),854)ASTN

                  WRITE(KW(34),856)SITEFILE

                  WRITE(KW(34),856)SAFILE

                  WRITE(KW(34),2142)HED(4),'mm  ',HED(5),'mm  ',HED(6),'mm  ',HED&

                  (18),'mm  ',HED(10),'mm  ',HED(11),'mm  ',HEDS(8),'mm  ',HED(16),&

                  'mm  ',HED(71),'mm  ','QSUR','mm  ',HED(15),'mm  ',HED(72),'mm  ',&

                  HED(117),'mm  ',HED(14),'-   ',HED(1),'c   ',HED(2),'c   ',HED(59)&

                  ,'c   ',HED(3),'mjm2',HED(27),'t/ha',HED(31),'t/ha',HED(53),'kgha'&

                  ,HED(54),'kgha',HED(55),'kgha',HED(56),'kgha',HED(57),'kgha',HED&

                  (43),'kgha',HED(42),'kgha',HED(37),'kgha',HED(119),'kgha',HED(38),&

                  'kgha',HED(49),'kgha',HED(118),'kgha',HED(39),'kgha',HED(80),&

                  'kgha',(HEDC(1),'-   ',HEDC(2),'-   ',HEDC(3),'m   ',HEDC(4),&

                  't/ha',HEDC(5),'t/ha',HEDC(6),'t/ha',HEDC(7),'m   ',HEDC(8),&

                  't/ha',HEDC(9),'t/ha',HEDC(10),'d   ',HEDC(11),'d   ',HEDC(12),&

                  'd   ',HEDC(13),'d   ',HEDC(14),'d   ',HEDC(15),'d   ',HEDC(16),&

                  'd   ',HEDC(17),'d   ',J=1,5)

	          END IF

	          DO I1=35,39,4

                  IF(KFL(I1)>0)THEN

                      WRITE(KW(I1),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                      WRITE(KW(I1),854)ASTN

                      WRITE(KW(I1),856)SITEFILE

                      WRITE(KW(I1),856)SAFILE

                      WRITE(KW(I1),2162)HEDH(1),'m3/s',HEDH(2),'m3/s',HEDH(33),'m3/s',&

                      HEDH(34),'m3/s',HEDH(3),'m3/s',HEDH(4),'m3/s',HEDH(5),'t   ',&

                      HEDH(6),'t   ',HEDH(7),'ppm ',HEDH(8),'kg  ',HEDH(9),'kg  ',&

                      HEDH(10),'kg  ',HEDH(11),'kg  ',HEDH(12),'kg  ',HEDH(13),'kg  ',&

                      HEDH(14),'kg  ',HEDH(15),'kg  ',HEDH(16),'kg  ',HEDH(17),'kg  ',&

                      HEDH(18),'kg  ',HEDH(19),'kg  ',HEDH(20),'-   ',HEDH(21),'-   ',&

                      HEDH(22),'-   ',HEDH(23),'-   ',HEDH(24),'-   ',HEDH(25),'-   ',&

                      HEDH(26),'g   ',HEDH(27),'g   ',HEDH(28),'g   ',HEDH(29),'g   ',&

                      HEDH(30),'g   ',HEDH(31),'g   ',HEDH(32),'g   '

                  END IF

              END DO

              IF(IPD>0.AND.KFL(40)>0)THEN

	              WRITE(KW(40),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                  WRITE(KW(40),854)ASTN

                  WRITE(KW(40),856)SITEFILE

                  WRITE(KW(40),856)SAFILE

                  WRITE(KW(40),2129)HED(4),'mm  ',HED(13),'mm  ',HED(117),'mm  ',&

                  HED(16),'mm  ','RSTKha/au ',('CPNM-   ',HEDC(1),'-   ',HEDC(2),&

                  '-   ',HEDC(5),'t/ha',HEDC(6),'t/ha',HEDC(8),'t/ha',HEDC(10),&

                  'd   ',HEDC(11),'d   ',HEDC(12),'d   ',HEDC(13),'d   ',HEDC(14),&

                  'd   ',HEDC(15),'d   ','CNSLg/g','CNSDg/g','YLDkg/ha','GRZDd',J=1,5)

              END IF

              IF(KFL(7)>0)WRITE(KW(7),3282)

              IF(KFL(6)>0)WRITE(KW(6),3283)HEDP

	           IHBS=1



              !Initialize LWE Wind erosion module if selected

              if (wnd_op==1) then

                  open(10022018,file='Landscape wind erosion.out', status='unknown', action='READWRITE')

                  write(10022018,'(a6,2a4,20a10)')'YEAR','MON','DAY','Wind','HFLUX','VFLUX','USTAR','USTART','COVER','HEIGHT','GAP',"SM"

                  call EWER2_INIT

              end if



              ! BEGIN ANNUAL SIMULATION LOOP

              CALL BSIM

              ADHY=360.*ADHY*DTHY/SUMA

              IF(KFL(12)>0)WRITE(KW(12),'(25X,A,F10.2,A)')'OUTFLOW = ',ADHY,' mm'

              SM1=0.

              SM2=0.

              SM3=0.

              SM4=0.

              SM6=0.

              SM7=0.

              SM8=0.

              SM9=0.

	          SM11=0.

              SM18=0.

              SM19=0.

              SM40=0.

              SM42=0.

              SM43=0.

              SM46=0.

              SM53=0.

              SM54=0.

              SM55=0.

              SM66=0.

              SM68=0.

              SM69=0.

              SM71=0.

              SM81=0.

              SM82=0.

              SM95=0.

              SM96=0.

              SM104=0.

              SM105=0.

              SM106=0.

              SM110=0.

              SM134=0.

              SM146=0.

              SM147=0.

              SM155=0.

              SM156=0.

              IY=IY-1

              XYR=IY

              RR=0.

	          KSO=MSO

	          WRITE(KW(28),4993)SMSW

	          SMOC=0.

	          SRYF=0.

	          SFTN=0.

	          SRQN=0.

	          TRMN=0.

	          TRON=0.

	          SMWS=0.

	          SMNS=0.

	          SMPS=0.

	          SMKS=0.

	          SMTS=0.

	          SMAS=0.

	          SMSS=0.

	          SMPL=0.

	          SMPQ=0.

	          SMPY=0.

	          SMY1=0.

	          SMY2=0.

              FSNOB=0.

              FSWB=0.

              FRSVB=0.

              FGWSB=0.

              FSWLB=0.

              DO ISA=1,MSA !SUBAREA LOOP OUTPUT

                  IDX=IDOA(ISA)

                  WSAX=WSA(ISA)

                  WSAX1=WSAX*10.

                  IF(KFL(1)>0)CALL APAGE(1)

                  CALL SPRNT

                  DO I=1,12

                      X1=MAX(1,IHRL(I,ISA))

                      THRL(I,ISA)=THRL(I,ISA)/X1

                      SRMX(I,ISA)=SRMX(I,ISA)/X1

                  END DO

                  SW(ISA)=1000.*Z(LID(NBSL(ISA),ISA),ISA)*UW(2)

                  IF(KFL(MSO+1)>0)THEN

                      I2=NBSL(ISA)

	                  KSO=KSO+1

	                  XCC=1.

                      X1=0.

	                  X2=ISG(ISA)

	                  WRITE(ASOL,'(I8.8)')NBSA(ISA)

	                  ASOT=ASOL//".SOT"

	                  OPEN(KW(KSO),FILE=ASOT)

	                  TITSO(ISA)=ASOT

                      WRITE(KW(KSO),526)ASOT,IYER,IMON,IDAY

                      WRITE(KW(KSO),3114)SALB(ISA),X2,FFC(ISA),TSLA(ISA),&

                      XIDS(ISA),X1,XIDK(ISA),ZQT,ZF,ZTK,FBM(ISA),&

                      FHP(ISA),XCC

                      WRITE(KW(KSO),3113)(Z(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(BDP(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(SSF(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(9,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SAN(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SIL(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(6,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(PH(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SMB(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(7,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(CAC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(CEC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(ROK(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(5,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(1,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(RSD(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(13,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(PSP(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SATC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(HCL(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(4,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(14,LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(ECND(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(STFR(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(SOIL(12,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3111)(CPRV(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3111)(CPRH(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLS(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLM(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSL(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLMC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSLC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSLNC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WBMC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHSC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHPC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WLSN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WLMN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WBMN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHSN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHPN(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(16,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(17,LID(I,ISA),ISA),I=1,I2)

	              END IF	      

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(//1X,A/)')'____________________FINAL SOIL &

                      PHYSICAL DATA____________________'

                      CALL SOLIOP

                      CALL APAGE(1)

                      WRITE(KW(1),'(//1X,A/)')'____________________FINAL SOIL &

                      CHEMICAL DATA____________________'

                      CALL SOLIOC

                      WRITE(KW(1),'(/T10,A,F7.1,A)')'ERODED SOIL THICKNESS = ',&

                      THK(ISA),' mm'

                      WRITE(KW(1),'(/T10,A,F7.2,A)')'FINAL WATER CONTENT OF &

                      SNOW = ',SNO(ISA),' mm'

                      SRSD(ISA)=SRSD(ISA)/XYR

                      WRITE(KW(1),'(/T10,A,F6.1,A)')'AVE ANNUAL CROP RESIDUE = ',&

                      SRSD(ISA),' T'

                  END IF

                  FSNO=SNO(ISA)*WSAX1

                  FSNOB=FSNOB+FSNO

                  FSW=SW(ISA)*WSAX1

                  FSWB=FSWB+FSW

                  FGWS=GWST(ISA)

                  FGWSB=FGWSB+FGWS

                  FSWL=SWLT(ISA)*WSAX1

                  FSWLB=FSWLB+FSWL

                  IPR=2

                  IF(RSAE(ISA)>0.)THEN

                     X5=SM(65,ISA)

                     IPR=1

                  ELSE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(117,ISA)

                          X15=SM(15,ISA)

                          X17=0.

                          X2=0.

                      ELSE    

                          X5=SMH(34,IDOR(ISA))

                          X2=SMIO(IDNF(ISA))

                          X15=SMH(15,IDOR(ISA))

                          X17=SMH(15,IDNF(ISA))

                      END IF    

                  END IF    

                  IF(PCOF(ISA)>0.)IPR=0

	              IF(IPR<2)THEN

	                  CALL RESPQB(SM(64,ISA),SM(66,ISA),SM(65,ISA),SM(67,ISA),&

                      SM(111,ISA),RSVF(ISA),RSVB(ISA),SM(146,ISA),ISA,KFL,&

                      KW,NBSA,MSO,IPR)

                      CALL RESYB(SM(68,ISA),SM(69,ISA),SM(112,ISA),SM(70,ISA),&

                      RSYF(ISA),RSYB(ISA),ISA,KFL,KW,NBSA,MSO,IPR)

     	              SRYF=SRYF+RSYF(ISA)

     	              TRMN=TRMN+RSO3(ISA)

     	              TRON=TRON+RSON(ISA)

                  END IF  

                  ! PRINTOUT SA WATER BALANCE

                  IF(KFL(1)>0)CALL HSWBL(SM(4,ISA),X2,X5,X17,X15,SM(155,ISA),&

                  SM(147,ISA),SM(66,ISA),SM(71,ISA),SM(18,ISA),SM(110,ISA),&

                  SM(19,ISA),SM(67,ISA),SM(146,ISA),SM(156,ISA),SM(157,ISA),&

                  BSNO(ISA),FSNO,BSW(ISA),FSW,BRSV(ISA),RSV(ISA),&

                  BGWS(ISA),FGWS,FSWL,ISA,KW,NBSA,MSO)

	              SRYF=SRYF+RSYF(ISA) 

                  SFNT=ZNO3(ISA)+ZON(ISA)+STDN(JD(ISA),ISA)

                  IF(DALG(ISA)>0.)THEN

                      IF(KW(1)>0)CALL HLGB(SM(22,ISA),SM(20,ISA),SM(23,ISA),SM(52,ISA),VLG&

                      (ISA),VLGB(ISA),SM(21,ISA),ISA,KW,NBSA,MSO)

                      II=IFED(IDFH(ISA),IDON(ISA))

                      !CALL NLGB(SM(61,ISA),SM(62,II),SOFU,WTMB(ISA),WTMU(ISA),&

                      !ISA,KW,NBSA,MSO)

                      SM6=SM6+SM(62,II)

                  END IF

                  SM7=SM7+FCMP(ISA)*WSAX

                  SM8=SM8+FCMN(ISA)*WSAX

                  SM9=SM9+SM(4,ISA)

                  SM42=SM42+SM(42,ISA)

                  SM46=SM46+SM(46,ISA)

                  SM43=SM43+SM(43,ISA)

                  SM53=SM53+SM(53,ISA)

                  SM54=SM54+SM(54,ISA)

                  SM55=SM55+SM(55,ISA)

                  SM82=SM82+SM(82,ISA)

                  SM96=SM96+SM(96,ISA)

                  SM105=SM105+SM(105,ISA)

                  RFQN(ISA)=SM(4,ISA)*RFNC

                  SRQN=SRQN+RFQN(ISA)

                  SM134=SM134+SM(134,ISA)

                  AD1=0.

                  AD2=0.

                  AD3=0.

                  ADD=0.

                  SUM=0.

                  TOT=0.

                  DO J=1,LC

                      AD1=AD1+STDP(J,ISA)

                      AD2=AD2+STDK(J,ISA)

                      ADD=ADD+STDN(J,ISA)

                      TOT=TOT+UP1(J,ISA)

                      SUM=SUM+UN1(J,ISA)

                      AD3=AD3+UK1(J,ISA)

                  END DO

                  !FTN=WSAX*(ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM+ZNOU(ISA))+GWSN(ISA) 

                  FTN=WSAX*(ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM)+GWSN(ISA) 

                  SFTN=SFTN+FTN

                  ! SA N BALANCE

                  IF(KFL(1)>0)THEN

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(37,ISA)

                          X4=SM(158,ISA)

                          X7=SM(39,ISA)

                          X2=0.

                          X3=0.

                          X6=0.

                          X7=0.

                      ELSE    

                          X5=SYN(IDOR(ISA))

                          X4=SQN(IDOR(ISA))

                          X2=SYN(IDNF(ISA))

                          X3=SQN(IDNF(ISA))

                          X6=SSN(IDNF(ISA))

                          X7=SSN(IDOR(ISA))

                      END IF

                      TYN(ISA)=TYN(ISA)*WSAX

                      CALL NBL(BTN(ISA),X2,X5,X3,X4,X6,X7,SM(96,ISA),RFQN(ISA),&

                      SM(134,ISA),SM(42,ISA),SM(53,ISA),TYN(ISA),SM(46,ISA),&

                      SM(54,ISA),SM(55,ISA),SM(43,ISA),FTN,GWSN(ISA),SM(82,ISA),&

                      SM(89,ISA),SM(105,ISA),ISA,1,KW,NBSA,MSO,JRT)

                      !(BTN,QNI,QNO,YNI,YNO,DPKN,RN,YNWN,DN,TFO,YLN,VOL,FNMN,FNMA,&

                      !FX,FTN,BURN,SCOU,PSON,ISA,KBL,KFL,KW,NBSA,MSO,JRT)

	                  IF(JRT>0)WRITE(KW(1),4088)ZNO3(ISA),ZNH3(ISA),&

                      ZON(ISA),ADD,STDON(ISA),SUM,ZNMU(ISA),ZNOU(ISA)

                      ! SA C BALANCE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(77,ISA)

                          X4=SM(76,ISA)

                          X2=0.

                          X3=0.

                      ELSE    

                          X5=SYC(IDOR(ISA))

                          X4=SQC(IDOR(ISA))

                          X2=SYC(IDNF(ISA))

                          X3=SQC(IDNF(ISA))

                      END IF 

                      FTC=ZOC(ISA)*WSAX

                      CALL NCBL(BTC(ISA),X2,X5,X3,X4,SM(136,ISA),SM(75,ISA),&

                      SM(74,ISA),SM(73,ISA),SM(99,ISA),SM(140,ISA),&

                      SM(101,ISA),FTC,ISA,KW,NBSA,MSO,JRT)

	                  IF(JRT>0)WRITE(KW(1),637)ZLSC(ISA),ZLMC(ISA),&

                      ZBMC(ISA),ZHSC(ISA),ZHPC(ISA)

                      FTP=WSAX*(ZPML(ISA)+ZPMU(ISA)+ZPMS(ISA)+ZPMA(ISA)+&

                      ZPO(ISA)+ZFOP(ISA)+ZPOU(ISA)+AD1+STDOP(ISA)+TOT)

                      ! SA P BALANCE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(48,ISA)

                          X4=SM(49,ISA)

                          X2=0.

                          X3=0.

                      ELSE    

                          X5=SYP(IDOR(ISA))

                          X4=SQP(IDOR(ISA))

                          X2=SYP(IDNF(ISA))

                          X3=SQP(IDNF(ISA))

                      END IF

                      TYP(ISA)=TYP(ISA)*WSAX

                      CALL NBL(BTP(ISA),X2,X5,X3,X4,0.,0.,SM(51,ISA),0.,&

                      SM(135,ISA),0.,SM(56,ISA),TYP(ISA),0.,SM(57,ISA),&

                      0.,0.,FTP,0.,0.,SM(90,ISA),SM(106,ISA),ISA,2,&

                      KW,NBSA,MSO,JRT)

                      IF(JRT>0)WRITE(KW(1),4089)ZPML(ISA),ZPMA(ISA),&

                      ZPMS(ISA),ZPO(ISA),ZFOP(ISA),AD1,STDOP(ISA),TOT,ZPMU(ISA),&

                      ZPOU(ISA)

                      FTK=ZSK(ISA)+ZEK(ISA)+ZFK(ISA)+AD2+STDOK(ISA)+AD3

                      !CALL NBL(BTK(ISA),0.,SM(149,ISA),SM(150,ISA),SM(151,ISA),0.,&

                      !SM(152,ISA),0.,0.,TYK(ISA),0.,SM(148,ISA),0.,0.,FTK,0.,0.,0.,&

                      !0.,0.,0.,0.,ISA,3,KFL,KW,NBSA,MSO,JRT)                                                 

                      IF(JRT>0)WRITE(KW(1),639)ZSK(ISA),ZEK(ISA),&

                      ZFK(ISA),AD2,STDOK(ISA),AD3 

                      CALL SLTB(SM(129,ISA),SM(132,ISA),SM(133,ISA),SM(131,ISA),SM&

                      (130,ISA),SLT0(ISA),ZSLT(ISA),ISA,NBSA,KW,MSO)

                  END IF    

                  XQRB=NQRB(IDX)

                  XCN=JCN(ISA)

                  XX=XQRB+.01

                  PRAX=PRAV(IDX)/XX

                  PRSD(ISA)=PRSD(ISA)-PRAV(IDX)*PRAX

                  IF(PRSD(ISA)>0.)PRSD(ISA)=SQRT(PRSD(ISA)/XX)

                  CYSD(ISA)=CYSD(ISA)-CYAV(ISA)*CYAV(ISA)/XX

                  CYAV(ISA)=CYAV(ISA)/XX

                  IF(CYSD(ISA)>0.)CYSD(ISA)=SQRT(CYSD(ISA)/XX)

                  QRBQ(ISA)=QRBQ(ISA)/XX

                  X5=ERAV(IDX)/XX

                  TCAX=TCAV(IDX)/XX

                  ! DETERMINE AVE ANNUAL VALUES

                  SMY(13,ISA)=0.

                  DO I=1,7

                      VAR(I,ISA)=0.

                  END DO

                  YTX(ISA)=0.

                  YWSA=XYR*WSAX

                  YWSA1=10.*YWSA

                  DO I=1,12

                      RR(I)=RR(I)+TR(I,ISA)/XYR

                      TR(I,ISA)=TR(I,ISA)/YWSA1

                      TSN(I,ISA)=TSN(I,ISA)/XYR

                      TSY(I,ISA)=TSY(I,ISA)/YWSA

                      TYW(I,ISA)=TYW(I,ISA)/XYR

                      TQ(I,ISA)=TQ(I,ISA)/(XYR*WSAX1)

	                  TCN(I,ISA)=TCN(I,ISA)/XYR

                      TYON(I,ISA)=TYON(I,ISA)/YWSA

                      TYTP(I,ISA)=TYTP(I,ISA)/YWSA

                      TQP(I,ISA)=TQP(I,ISA)/YWSA

	                  TQPU(I,ISA)=TQPU(I,ISA)/XYR

                      TQN(I,ISA)=TQN(I,ISA)/YWSA

                      VAR(4,ISA)=VAR(4,ISA)+TYTP(I,ISA)

                      VAR(6,ISA)=VAR(6,ISA)+TQP(I,ISA)

	                  VAR(8,ISA)=VAR(8,ISA)+TQP(I,ISA)

                      TXMX(I,ISA)=TXMX(I,ISA)/XYR

                      TXMN(I,ISA)=TXMN(I,ISA)/XYR

                      TSR(I,ISA)=TSR(I,ISA)/XYR

                      TCVF(I,ISA)=TCVF(I,ISA)/(TEI(I,ISA)+1.E-20)

                      CX(I,ISA)=CX(I,ISA)/XYR

                      VAR(3,ISA)=VAR(3,ISA)+CX(I,ISA)

                      TEI(I,ISA)=TEI(I,ISA)/XYR

                      SMY(I,ISA)=SRD(I,ISA)/XYR

                      YTX(ISA)=YTX(ISA)+SRD(I,ISA)

                      SET(I,ISA)=SET(I,ISA)/XYR

                      TET(I,ISA)=TET(I,ISA)/XYR

                      ASW(I,ISA)=ASW(I,ISA)/XYR

                      QIN(I,ISA)=QIN(I,ISA)/XYR

                      TRHT(I,ISA)=TRHT(I,ISA)/XYR

                      TAMX(I,ISA)=TAMX(I,ISA)/XYR

                      VAR(7,ISA)=VAR(7,ISA)+QIN(I,ISA)

                      VAR(2,ISA)=VAR(2,ISA)+TAMX(I,ISA)

                      VAR(1,ISA)=VAR(1,ISA)+ASW(I,ISA)

                      SMY(13,ISA)=SMY(13,ISA)+SMY(I,ISA)

                  END DO

                  SM(14,ISA)=SM(14,ISA)/(XCN+1.E-10)

                  SMUA(14,ISA)=SM(14,ISA)

                  SM(25,ISA)=SM(25,ISA)/(SM(24,ISA)+1.E-20)

                  SMUA(25,ISA)=SM(25,ISA)

                  VAR(1,ISA)=VAR(1,ISA)/12.

                  DO K=1,13 ! SM(/XYR

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  DO K=15,24

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  DO K=26,NSM

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  IF(NDP>0)THEN

                      IF(KFL(1)>0)THEN

	                      CALL APAGE(1)

                          WRITE(KW(1),'(//1X,A/)')'______________PESTICIDE SUMMARY &

                          TABLE________________'

                          WRITE(KW(1),460)

                      END IF

                      CALL PSTSUM(1.,XYR,NX,ISA)

                      DO K=1,NDP

                          SMPQ(ISA)=SMPQ(ISA)+SMAP(2,K,IDX)

                          SMPY(ISA)=SMPY(ISA)+SMAP(5,K,IDX)

                          SMPL(ISA)=SMPL(ISA)+GWPS(K,ISA)

                      END DO

                  END IF          

                  X1=CST1(ISA)/XYR

                  X2=VALF1(ISA)/XYR

	              IF(KFL(1)>0)THEN

                      CALL APAGE(1)

	                  WRITE(KW(1),'(//1X,A/)')'____________________SUMMARY TABLE&

	                  ____________________'

                      WRITE(KW(1),3320)PRB(IDX),PRAX,PRSD(ISA),QRQB(ISA),QRBQ(ISA),&

                      NQRB(IDX)

                      WRITE(KW(1),417)TCAX,TCMN(IDX),TCMX(IDX)

                      WRITE(KW(1),448)CYAV(ISA),CYMX(ISA),CYSD(ISA)

                      AD1=0.

                      DO K=1,10

                          AD1=AD1+CNDS(K,ISA)

                      END DO

                      DO K=1,10

                          CNDS(K,ISA)=CNDS(K,ISA)/AD1

                      END DO

                      WRITE(KW(1),2460)(CNDS(K,ISA),K=1,10)

                  END IF

                  IF(LUN(ISA)==35)THEN

                      DWOC(ISA)=0.

                  ELSE    

                      DO J=1,6

                          XTP(J)=0.

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              SMS(J,ISL,ISA)=SMS(J,ISL,ISA)/(SMS(11,ISL,ISA)&

                              +1.E-5)

                              XTP(J)=XTP(J)+SMS(J,ISL,ISA)

                          END DO

                      END DO

                      DO J=7,10

                          XTP(J)=0.

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              SMS(J,ISL,ISA)=SMS(J,ISL,ISA)/XYR

                              XTP(J)=XTP(J)+SMS(J,ISL,ISA)

                          END DO

                      END DO

                      DO I=1,NBSL(ISA)

                          ISL=LID(I,ISA)

                          XYP(ISL)=WOC(ISL,ISA)-XZP(6,ISL,ISA)

                          YTP(ISL)=WON(ISL,ISA)-XZP(12,ISL,ISA)

                      END DO

                      DWOC(ISA)=ZOC(ISA)-XZP(6,11,ISA)

                      YTP(11)=ZON(ISA)-XZP(12,11,ISA)

                      SMOC=SMOC+.001*WSA(ISA)*DWOC(ISA)

                      XNS(ISA)=NBSL(ISA)

                      DO J=1,6

                          XTP(J)=XTP(J)/XNS(ISA)

                      END DO

                      IF(KFL(23)>0)THEN

                          WRITE(KW(23),635)ISA,NBSA(ISA),(SID(LORG(LID(J,ISA),&

                          ISA)),J=1,10),SID(11)

                          WRITE(KW(23),649)'   Z',(Z(LID(I,ISA),ISA),I=1,10),Z(LID(10,ISA),ISA),' Z   '

                          WRITE(KW(23),649)' SWF',(SMS(1,LID(I,ISA),ISA),I=1,10),XTP(1),' SWF '

                          WRITE(KW(23),649)'TEMP',(SMS(2,LID(I,ISA),ISA),I=1,10),XTP(2),' TEMP'

                          WRITE(KW(23),649)'SWTF',(SMS(3,LID(I,ISA),ISA),I=1,10),XTP(3),' SWTF'

                          WRITE(KW(23),649)'TLEF',(SMS(4,LID(I,ISA),ISA),I=1,10),XTP(4),' TLEF'

                          WRITE(KW(23),649)'SPDM',(SMS(5,LID(I,ISA),ISA),I=1,10),XTP(5),' SPDM'

                          WRITE(KW(23),576)'RSDC',(SMS(7,LID(I,ISA),ISA),I=1,10),XTP(7),' RSDC'

                          WRITE(KW(23),576)'RSPC',(SMS(8,LID(I,ISA),ISA),I=1,10),XTP(8),' RSPC'

                          WRITE(KW(23),576)'RNMN',(SMS(9,LID(I,ISA),ISA),I=1,10),XTP(9),' RNMN'

                          WRITE(KW(23),576)'DNO3',(SMS(10,LID(I,ISA),ISA),I=1,10),XTP(10),' DNO3'

                          WRITE(KW(23),576)'HSC0',(XZP(1,LID(I,ISA),ISA),I=1,10),XZP(1,11,ISA),' HSC0'

                          WRITE(KW(23),576)'HSCF',(WHSC(LID(I,ISA),ISA),I=1,10),ZHSC(ISA),' HSCF'

                          WRITE(KW(23),576)'HPC0',(XZP(2,LID(I,ISA),ISA),I=1,10),XZP(2,11,ISA),' HPC0'

                          WRITE(KW(23),576)'HPCF',(WHPC(LID(I,ISA),ISA),I=1,10),ZHPC(ISA),' HPCF'

                          WRITE(KW(23),576)'LSC0',(XZP(3,LID(I,ISA),ISA),I=1,10),XZP(3,11,ISA),' LSC0'

                          WRITE(KW(23),576)'LSCF',(WLSC(LID(I,ISA),ISA),I=1,10),ZLSC(ISA),' LSCF'

                          WRITE(KW(23),576)'LMC0',(XZP(4,LID(I,ISA),ISA),I=1,10),XZP(4,11,ISA),' LMC0'

                          WRITE(KW(23),576)'LMCF',(WLMC(LID(I,ISA),ISA),I=1,10),ZLMC(ISA),' LMCF'

                          WRITE(KW(23),576)'BMC0',(XZP(5,LID(I,ISA),ISA),I=1,10),XZP(5,11,ISA),' BMC0'

                          WRITE(KW(23),576)'BMCF',(WBMC(LID(I,ISA),ISA),I=1,10),ZBMC(ISA),' BMCF'

                          WRITE(KW(23),576)'WOC0',(XZP(6,LID(I,ISA),ISA),I=1,10),XZP(6,11,ISA),' WOC0'

                          WRITE(KW(23),576)'WOCF',(WOC(LID(I,ISA),ISA),I=1,10),ZOC(ISA),' WOCF'

                          WRITE(KW(23),576)'DWOC',(XYP(LID(I,ISA)),I=1,10),DWOC(ISA),' DWOC'

                          WRITE(KW(23),576)'HSN0',(XZP(7,LID(I,ISA),ISA),I=1,10),XZP(7,11,ISA),' HSN0'

                          WRITE(KW(23),576)'HSNF',(WHSN(LID(I,ISA),ISA),I=1,10),ZHSN(ISA),' HSNF'

                          WRITE(KW(23),576)'HPN0',(XZP(8,LID(I,ISA),ISA),I=1,10),XZP(8,11,ISA),' HPN0'

                          WRITE(KW(23),576)'HPNF',(WHPN(LID(I,ISA),ISA),I=1,10),ZHPN(ISA),' HPNF'

                          WRITE(KW(23),576)'LSN0',(XZP(9,LID(I,ISA),ISA),I=1,10),XZP(9,11,ISA),' LSN0'

                          WRITE(KW(23),576)'LSNF',(WLSN(LID(I,ISA),ISA),I=1,10),ZLSN(ISA),' LSNF'

                          WRITE(KW(23),576)'LMN0',(XZP(10,LID(I,ISA),ISA),I=1,10),XZP(10,11,ISA),' LMN0'

                          WRITE(KW(23),576)'LMNF',(WLMN(LID(I,ISA),ISA),I=1,10),ZLMN(ISA),' LMNF'

                          WRITE(KW(23),576)'BMN0',(XZP(11,LID(I,ISA),ISA),I=1,10),XZP(11,11,ISA),' BMN0'

                          WRITE(KW(23),576)'BMNF',(WBMN(LID(I,ISA),ISA),I=1,10),ZBMN(ISA),' BMNF'

                          WRITE(KW(23),576)'WON0',(XZP(12,LID(I,ISA),ISA),I=1,10),XZP(12,11,ISA),' WON0'

                          WRITE(KW(23),576)'WONF',(WON(LID(I,ISA),ISA),I=1,10),ZON(ISA),' WONF'

                          WRITE(KW(23),576)'DWON',(YTP(LID(I,ISA)),I=1,10),YTP(11),' DWON'

                          WRITE(KW(23),649)'C/N0',(XZP(13,LID(I,ISA),ISA),I=1,10),XZP(13,11,ISA),' C/N0'

                          DO I=1,100

                              XTP(I)=0.

                          END DO

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              XTP(ISL)=WOC(ISL,ISA)/WON(ISL,ISA)

                          END DO

                          XTP(11)=ZOC(ISA)/ZON(ISA)

                          WRITE(KW(23),649)'C/NF',(XTP(LID(I,ISA)),I=1,10),XTP(11),' C/NF'

                      END IF

                  END IF

                  PPX(1,ISA)=SMUA(38,ISA)

                  PPX(2,ISA)=SMUA(39,ISA)

                  PPX(3,ISA)=SMUA(40,ISA)

                  PPX(4,ISA)=SMUA(49,ISA)

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3050)

                      ! PRINTOUT SUMMARY MONTHLY

                      WRITE(KW(1),3280)IY

                      WRITE(KW(1),3300)HED(1),(TXMX(I,ISA),I=1,12),SM(1,ISA),HED(1)

                      WRITE(KW(1),3300)HED(2),(TXMN(I,ISA),I=1,12),SM(2,ISA),HED(2)

                      WRITE(KW(1),2550)HED(4),(TR(I,ISA),I=1,12),SMUA(4,ISA),HED(4)

                      WRITE(KW(1),3300)'DAYP',(SMY(I,ISA),I=1,13),'DAYP'

                      WRITE(KW(1),2550)HED(16),(TSN(I,ISA),I=1,12),SMUA(16,ISA),HED(16)

                      WRITE(KW(1),2550)HED(13),(TQ(I,ISA),I=1,12),SMUA(13,ISA),HED(13)

	                  WRITE(KW(1),2550)HED(14),(TCN(I,ISA),I=1,12),SM(14,ISA),HED(14)

                      WRITE(KW(1),2550)'DAYQ',(CX(I,ISA),I=1,12),VAR(3,ISA),'DAYQ'

	                  WRITE(KW(1),3300)'RZSW',(ASW(I,ISA),I=1,12),VAR(1,ISA),'RZSW'

                      WRITE(KW(1),3200)HED(24),(TEI(I,ISA),I=1,12),SM(24,ISA),HED(24)

                      WRITE(KW(1),3301)HED(25),(TCVF(I,ISA),I=1,12),SM(25,ISA),HED(25)

                      WRITE(KW(1),3300)HED(NDVSS),(TSY(I,ISA),I=1,12),SMUA(NDVSS,ISA),HED(NDVSS)

                      WRITE(KW(1),3300)HED(37),(TYON(I,ISA),I=1,12),SMUA(37,ISA),HED(37)

                      WRITE(KW(1),3300)HED(48),(TYTP(I,ISA),I=1,12),SMUA(48,ISA),HED(48)

                      WRITE(KW(1),3300)HED(38),(TQN(I,ISA),I=1,12),SMUA(38,ISA),HED(38)

                      WRITE(KW(1),3300)HED(49),(TQP(I,ISA),I=1,12),SMUA(49,ISA),HED(49)

                      WRITE(KW(1),3300)HED(11),(TET(I,ISA),I=1,12),SM(11,ISA),HED(11)

                !     WRITE(KW(1),2550)'DAYW',(TAMX(I,ISA),I=1,12),VAR(2,ISA),'DAYW'

                      WRITE(KW(1),2550)HED(33),(TRHT(I,ISA),I=1,12),SM(33,ISA),HED(33)

                      WRITE(KW(1),3300)HED(36),(TYW(I,ISA),I=1,12),SM(36,ISA),HED(36)

                      WRITE(KW(1),3300)HED(19),(QIN(I,ISA),I=1,12),VAR(7,ISA),HED(19)

                      WRITE(KW(1),3200)HED(10),(SET(I,ISA),I=1,12),SMUA(10,ISA),HED(10)

                      WRITE(KW(1),3200)HED(3),(TSR(I,ISA),I=1,12),SM(3,ISA),HED(3)

                      WRITE(KW(1),3)'RAMX',(SRMX(I,ISA),I=1,12),'RAMX'

                      WRITE(KW(1),3010)'HRLT',(THRL(I,ISA),I=1,12),'HRLT'

                      WRITE(KW(1),'(/1X,A)')'-----AVE ANNUAL VALUES'

                      WRITE(KW(1),3030)IY,(HED(KA(K)),SMUA(KA(K),ISA),K=5,NKA),'COST',X1,&

                      'RTRN',X2

                      WRITE(KW(1),3770)(HED(JC(K)),PPX(K,ISA),K=1,NJC)

                  END IF

                  X4=SMUA(53,ISA)+SMUA(54,ISA)+SMUA(55,ISA)

                  X1=SMUA(56,ISA)+SMUA(57,ISA)

                  FSFN(ISA)=FSFN(ISA)/(X4*XYR+1.E-5)

                  FSFP(ISA)=FSFP(ISA)/(X1*XYR+1.E-5)

                  SM81=SM81+SM(81,ISA)

                  SM(81,ISA)=.001*SM(81,ISA)

                  LD1=LID(1,ISA)

                  X2=1000.*WPML(LD1,ISA)/WT(LD1,ISA)

                  X3=1000.*SM(49,ISA)/(SM(13,ISA)+.1)

                  XYRD=XYR*365.25

                  STKR(ISA)=STKR(ISA)/XYRD

                  PSTM(ISA)=PSTM(ISA)/XYR

                  K1=0

	              DO K=1,LC

                      !IF(NCR(K,ISA)==0)CYCLE

                !     K=LY(IRO(ISA),J,ISA)

                      !XX=MIN(NCR(K,ISA),IY)+1.E-10

                      XX=IY

                      TETG(K,ISA)=1000.*TYL1(K,ISA)/(TETG(K,ISA)+1.E-10)

                      SMY1(ISA)=SMY1(ISA)+TYL1(K,ISA)

                      SMY2(ISA)=SMY2(ISA)+TYL2(K,ISA)

                      TYL1(K,ISA)=TYL1(K,ISA)/XX

                      TYL2(K,ISA)=TYL2(K,ISA)/XX

                      TYLN(K,ISA)=TYLN(K,ISA)/XX

                      TYLP(K,ISA)=TYLP(K,ISA)/XX

                      TYLK(K,ISA)=TYLK(K,ISA)/XX

                      TDM(K,ISA)=TDM(K,ISA)/XX

	                  THU(K,ISA)=THU(K,ISA)/XX

	                  XX=IY

                      TRA(K,ISA)=TRA(K,ISA)/XX

                      TRD(K,ISA)=TRD(K,ISA)/XX

                      TCAW(K,ISA)=TCAW(K,ISA)/XX

                      TVIR(K,ISA)=TVIR(K,ISA)/XX

                      TFTN(K,ISA)=TFTN(K,ISA)/XX

                      TFTP(K,ISA)=TFTP(K,ISA)/XX

                      TFTK(K,ISA)=TFTK(K,ISA)/XX

                      SMWS(ISA)=SMWS(ISA)+TSFC(1,K,ISA)

                      SMNS(ISA)=SMNS(ISA)+TSFC(2,K,ISA)

                      SMPS(ISA)=SMPS(ISA)+TSFC(3,K,ISA)

                      SMKS(ISA)=SMKS(ISA)+TSFC(4,K,ISA)

                      SMTS(ISA)=SMTS(ISA)+TSFC(5,K,ISA)

                      SMAS(ISA)=SMAS(ISA)+TSFC(6,K,ISA)

                      SMSS(ISA)=SMSS(ISA)+TSFC(7,K,ISA)

                      DO L=1,7

                          TSFC(L,K,ISA)=TSFC(L,K,ISA)/XX

                      END DO

                      DO L=1,3

                          STDA(L,K,ISA)=STDA(L,K,ISA)/XX

                      END DO

                      IF(PSTM(ISA)<1.E-10)THEN

                          X6=1.

                      ELSE

                          X6=PSTM(ISA)

                      END IF        

                      ! PRINTOUT CROP SUMMARY

                      IF(KFL(1)>0)WRITE(KW(1),326)CPNM(K),TYL1(K,ISA),TYL2(K,ISA),&

                      TDM(K,ISA),TYLN(K,ISA),TYLP(K,ISA),TYLK(K,ISA),TFTN(K,ISA),&

                      TFTP(K,ISA),TFTK(K,ISA),TVIR(K,ISA),TCAW(K,ISA),TETG(K,ISA),&

                      TRA(K,ISA),THU(K,ISA),X6

                      IF(KFL(1)>0)WRITE(KW(1),577)(TSFC(L,K,ISA),L=1,7),(STDA(L,K,ISA),L=1,3)

                      IF(K1>0)THEN

                          IF(KFL(2)>0.AND.SM(81,ISA)>0.)WRITE(KW(2),2282)ISA,NBSA(ISA),&

                          IDON(ISA),CPNM(K),TYL1(K,ISA),TYL2(K,ISA),TYLN(K,ISA),TYLP(K,ISA)

                      ELSE

                          IF(KFL(2)>0.AND.SM(81,ISA)>0.)THEN

                              SM80=SM(80,ISA)

                              WRITE(KW(2),2282)ISA,NBSA(ISA),IDON(ISA),&

                              CPNM(K),TYL1(K,ISA),TYL2(K,ISA),TYLN(K,ISA),&

                              TYLP(K,ISA),STKR(ISA),WSAX,SMUA(13,ISA),&

                              SM(29,ISA),SMUA(49,ISA),SMUA(48,ISA),SMUA(38,ISA),&

                              SMUA(39,ISA),SMUA(80,ISA),SMUA(40,ISA),SMUA(37,ISA),X1,X4,&

                              SMUA(81,ISA),PDPL0(ISA),PDPLC(ISA),X3

                          END IF    

                          K1=1

                      END IF

                      SM2=SM2+TYLP(K,ISA)*WSAX

                      SM3=SM3+TYLN(K,ISA)*WSAX

                      IF(KFL(49)/=0)THEN

                          IF(K==1)THEN

                              ADFL=ADJUSTL(ASTN)

                              WRITE(KW(49),105)IYER,IMON,IDAY,ISA,&

                              NBSA(ISA),NQRB(IDX),ADFL,WSA(ISA),PRB(IDX),PRAX,&

                              PRSD(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(16,ISA),&

                              SMUA(24,ISA),SMUA(25,ISA),SMUA(26,ISA),&

                              SMUA(27,ISA),SMUA(28,ISA),SMUA(29,ISA),&

                              SMUA(30,ISA)

                          END IF

                      END IF    

                  END DO

                  X2=NWDA(ISA)

                  YW0=100.*WCF*TVGF(ISA)/(X2+1.E-5)

                  ! PRINTOUT SUBAREA SUMMARY

                  IF(KFL(3)>0)WRITE(KW(3),498)ISA,NBSA(ISA),WSA(ISA),CN2(ISA),YW0,&

                  OCPD(ISA),FSFN(ISA),FSFP(ISA),PRB(IDX),PRAX,TCAX,CYAV(ISA),&

                  CYMX(ISA),(SMUA(KY(K),ISA),K=1,NKY),SMUA(NDVSS,ISA)

                  SM1=SM1+X1*WSAX

                  SM4=SM4+X4*WSAX

                  SM40=SM40+SM(40,ISA)

                  SM71=SM71+SM(71,ISA)

	              SM104=SM104+SM(104,ISA)

                  SM146=SM146+SM(146,ISA)

                  SM147=SM147+SM(147,ISA)

                  SM155=SM155+SM(155,ISA)

                  SM156=SM156+SM(156,ISA)

                  SM18=SM18+SM(18,ISA)

	              SM19=SM19+SM(19,ISA)

                  SM110=SM110+SM(110,ISA)

              END DO    !SUBAREA LOOP OUTPUT

              IF(KFL(1)>0)WRITE(KW(1),461)

              IF(NDP>0)THEN

                  IF(KFL(1)>0)WRITE(KW(1),460)

                  IF(MSA>1)CALL PSTSUM(SUMA,XYR,NX,NCMD)

              END IF

              XYA=XYR*SUMA

              AVRF=SM9/XYA

              DO I=1,12

                  RR(I)=.1*RR(I)/SUMA

                  RR(13)=RR(13)+RR(I)

              END DO

              X1=YTX(1)-1.

              X2=XYR*SM(100,1)

              SX2=SDRF-X2*X2/YTX(1)

              SDX=SQRT(SX2/(X1+1.E-10))

              X3=X2/YTX(1)

              SMH34=SMH(34,NCMD)

              IF(KFL(35)>0)THEN

	              PCTH=0.

	              PCT=0.

	              NTX=0

                  DO IDO=1,NCMD

                      SMH(7,IDO)=1.E5*SMH(6,IDO)/(SMH(2,IDO)*RWSA(IDO)+1.E-10)

		              DO K=1,NSH

		                  SMH(K,IDO)=SMH(K,IDO)/XYR

		                  IF(K<5.OR.K>32)THEN 

		                      X1=366-NYD

		                      SMH(K,IDO)=SMH(K,IDO)/X1

		                  END IF

		              END DO

                  END DO

	          END IF

	          AD5=0.

	          AD1=0.

	          AD2=0.

              DO ISA=1,MSA

                  WSAX=WSA(ISA)

                  WSAX1=10.*WSAX

                  YWSA=XYR*WSAX

                  YWSA1=10.*YWSA

                  IF(SM(141,ISA)>0.)THEN

                      AD1=AD1+SM(141,ISA)*WSAX

                      AD2=AD2+WSAX

                  END IF

                  AD5=AD5+TYN(ISA)

                  X2=XYR*SM(4,ISA)/WSAX1

                  SX2=SDVR(ISA)-X2*X2/(YTX(ISA)+1.E-10)

                  SDX=SQRT(SX2/X1)

                  X3=X2/YTX(ISA)

                  IF(KFL(34)>0)THEN

                      DO I=1,MSA

                          I1=NBSA(IBSA(I))

                          I2=NISA(I1)	

                          II=IDOA(I2)

                          X1=.001*ZOC(I2)

                          X71=SM(71,I2)/WSA(I2)

                          WRITE(KW(34),859)I1,NBYR,IGC,WSA(I2),SMUA(4,I2),SMUA(5,I2),&

                          SMUA(6,I2),SMUA(18,I2),SMUA(10,I2),SMUA(11,I2),RZSW(I2),&

                          SMUA(16,I2),X71,SMUA(13,I2),SMUA(15,I2),SMUA(72,I2),&

                          SMUA(117,I2),SMUA(14,I2),SMUA(1,I2),SMUA(2,I2),SMUA(59,I2),&

                          SMUA(3,I2),SMUA(27,I2),SMUA(31,I2),SMUA(53,I2),SMUA(54,I2),&

                          SMUA(55,I2),SMUA(56,I2),SMUA(57,I2),SMUA(43,I2),SMUA(42,I2),&

                          SMUA(37,I2),SMUA(119,I2),SMUA(38,I2),SMUA(49,I2),SMUA(118,I2),&

                          SMUA(39,I2),SMUA(80,I2),X1,(TYL1(LY(IRO(I2),J,I2),I2),&

                          TYL2(LY(IRO(I2),J,I2),I2),(TSFC(L,J,I2),L=1,7),CPNM&

                          (LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                      END DO

                  END IF

                  IF(KFL(40)>0)THEN

                      DO J=1,NCP(IRO(ISA),ISA)

                          YTP(J)=1000.*TYL2(LY(IRO(ISA),J,ISA),ISA)

                      END DO	

                      WRITE(KW(40),857)NBSA(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(117,ISA),&

                      SMUA(16,ISA),(CPNM(LY(IRO(ISA),J,ISA)),(TSFC(L,J,ISA),L=1,7),&

                      YTP(J),SMUA(141,ISA),J=1,NCP(IRO(ISA),ISA))

                  END IF

  	              IF(KFL(35)==0.OR.MSA==1)CYCLE

                  I1=NBSA(IBSA(ISA))

	              I2=NISA(I1)

	              IF(IEXT(I2)>0)THEN

	                  II=IDOA(I2)

	                  X2=WSA(I2)

	                  I3=II

	              ELSE

	                  II=IDOA(I2)-1

	                  X2=RWSA(II)+WSA(I2)

	                  I3=II+2

	              END IF

                  IF(NTX(II)>0)CYCLE

	              WRITE(KW(35),5005)I1,II,NBYR,X2,SMH(1,II),SMH(2,I3),SMH(33,II),&

	              SMH(35,I3),(SMH(K,II),K=3,NSH-3)

                  !(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)

 	              NTX(II)=1

              END DO

	          AD1=AD1/(AD2+1.E-10)

              IF(KFL(39)>0)THEN

                  DO I=1,NCMO

	                  II=ICMO(I)

	                  WRITE(KW(39),472)II,IYR,MO,RWSA(II),SMH(1,II),SMH(2,II),&

	                  SMH(33,II),SMH(34,II),(SMH(K,II),K=3,NSH-2)

	              END DO    

	          END IF    

              DO IWI=1,NWP

                  X1=NWPD(IWI)

                  RTO=X1/XYRD

              END DO

              IF(NDP>0.AND.(KFL(1)>0.OR.KFL(38)>0))THEN

                  CALL APAGE(0)

                  WRITE(KW(1),18)

                  WRITE(KW(1),3281)NBYR

                  YTP=0.

                  DO K=1,NDP

                      WRITE(KW(1),3060)PSTN(K)

	                  SUM=0.

                      DO I=1,12

                          SMRP(5,K,I)=SMRP(5,K,I)/XYR

                          SUM=SUM+SMRP(5,K,I)

                      END DO

                      WRITE(KW(1),3302)HEDP(1),(SMRP(5,K,I),I=1,12),SUM,HEDP(1)

                      DO J=1,2

                          J1=J+2

                          XTP(J)=0.

                          XTP(J1)=0.

                          DO I=1,12

                              SMRP(J,K,I)=SMRP(J,K,I)/XYR

                              SMRP(J1,K,I)=SMRP(J1,K,I)/XYR

                              XTP(J1)=XTP(J1)+SMRP(J1,K,I)

                              XTP(J)=XTP(J)+SMRP(J,K,I)

                          END DO

                          YTP(J1)=YTP(J1)+XTP(J1)

                          YTP(J)=YTP(J)+XTP(J)

                          ! PRINTOUT REACH PESTICIDE SUMMARY MONTHLY

                          WRITE(KW(1),3302)HDRP(J),(SMRP(J,K,I),I=1,12),XTP(J),HDRP(J)

                          WRITE(KW(1),3302)HDRP(J1),(SMRP(J1,K,I),I=1,12),XTP(J1),HDRP(J1)

                      END DO

                  END DO        

                  CALL APAGE(0)

              END IF          

              SUM=0.

              DO I=1,LC

                  TCPY(I)=TCPY(I)/(TCPA(I)+1.E-10)

                  TCPA(I)=TCPA(I)/XYR

                  SUM=SUM+TCPA(I)

              END DO

              IF(KFL(1)>0)WRITE(KW(1),5007)

              IF(KFL(10)>0)WRITE(KW(10),5007)

              DO I=1,LC

                  X1=TCPA(I)/(SUM+1.E-10)

                  IF(KFL(1)>0)WRITE(KW(1),5008)CPNM(I),TCPA(I),X1,TCPY(I)

                  IF(KFL(10)>0)WRITE(KW(10),5008)CPNM(I),TCPA(I),X1,TCPY(I)

              END DO

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(/T10,A,F10.0/T10,A,F10.2,A)')'AREA WEIGHTED GRAZING DAYS = ',&

                  AD1,'GRAZING AREA = ',AD2,' ha'

                  IF(NGN==0)THEN

                      NAD=0

                      DO IWI=1,NWP

                          NAD=NAD+IAD(IWI)

                      END DO

                      IF(NAD>0)THEN

                          AD1=0.

                          DO IWI=1,NWP

                              XTP(IWI)=REAL(IAD(IWI))/REAL(NAD)

                              RFSG(IWI)=RFSG(IWI)/XYR

                              AD1=AD1+RFSG(IWI)

                          END DO

                          WRITE(KW(1),'(/T10,A,10(1X,I4,F10.4))')'FRACTION WPM1 USED IN SPATIAL &

                          GENERATOR = ',(IWI,XTP(IWI),IWI=1,NWP)

                          WRITE(KW(1),'(/T10,A,10(1X,I4,F10.0))')'PCP GENERATED BY &

                          WPM1 = ',(IWI,RFSG(IWI),IWI=1,NWP)

                          WRITE(KW(1),'(T10,A,F10.0)')' TOT = ',AD1

                      END IF

                  END IF    

              END IF

              IF(KFL(10)>0)THEN

                  WRITE(KW(10),'(/T42,A)')'AVE ANNUAL DATA'

                  WRITE(KW(10),18)

                  WRITE(KW(10),3281)NBYR

                  WRITE(KW(10),2550)HED(4),(RR(I),I=1,12),RR(13),HED(4)

              END IF

              IF(KFL(1)>0)THEN

                  IF(NAQ>0)THEN

                      SUM=0.

                      DO I=1,16

                          XTP(I)=NWDR(I)

                          SUM=SUM+XTP(I)

                      END DO

                      DO I=1,16

                          XTP(I)=XTP(I)/SUM

                      END DO

                      WRITE(KW(1),5012)(XTP(I),I=1,16)

                      WRITE(KW(1),5016)

                      TOT=0.

                      ADD=0.

                      DO I=1,MSA

                          TOT=TOT+PM10(I)

                          ADD=ADD+EM10(I)

                      END DO

                      CALL ASORT1(PM10,NX,MSA)

                      SUM=0.

                      DO I=1,MSA

                          I1=NX(I)

                          X1=PM10(I1)/TOT

                          SUM=SUM+X1

                          X2=PM10(I1)/WSA(I1)

                          WRITE(KW(1),5017)I1,NBSA(I1),X2,X1,SUM

                      END DO

                      WRITE(KW(1),5018)TOT,ADD

                  END IF

                  WRITE(KW(1),18)

                  WRITE(KW(1),3280)NBYR

                  WRITE(KW(1),2550)HED(4),(RR(I),I=1,12),RR(13),HED(4)

              END IF

              DO J=1,10

                  J1=J+10

                  XTP(J)=0.

                  XTP(J1)=0.

                  DO I=1,12

                      IF(J<3)THEN

                          X1=.1

                      ELSE

                          X1=1.

                      END IF    

                      SMR(J,I)=X1*SMR(J,I)/XYA                                                 

                      SMR(J1,I)=X1*SMR(J1,I)/XYA

                      XTP(J1)=XTP(J1)+SMR(J1,I)

                      XTP(J)=XTP(J)+SMR(J,I)

                  END DO

                  ! PRINTOUT REACH SUMMARY MONTHLY

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3300)HEDR(J),(SMR(J,I),I=1,12),XTP(J),HEDR(J)

                      WRITE(KW(1),3300)HEDR(J1),(SMR(J1,I),I=1,12),XTP(J1),HEDR(J1)

                  END IF    

                  IF(KFL(10)==0)CYCLE

                  WRITE(KW(10),3301)HEDR(J),(SMR(J,I),I=1,12),XTP(J),HEDR(J)

                  WRITE(KW(10),3301)HEDR(J1),(SMR(J1,I),I=1,12),XTP(J1),HEDR(J1)

              END DO

              XTP(21)=0.

              DO I=1,12

	              SMR(21,I)=SMR(21,I)/XYA

                  XTP(21)=XTP(21)+SMR(21,I)

              END DO

              IF(KFL(32)>0)THEN

                  X1=XTP(21)-XTP(16)

	              SMOC=SMOC/SUMA

                  WRITE(KW(32),2157)XTP(11),XTP(13),XTP(16),X1,XTP(14),SMOC

              END IF

              IF(KFL(1)>0)THEN

                  CALL APAGE(0)

                  WRITE(KW(1),'(//1X,A/)')'______________ROUTING REACH SUMMARY &

                  TABLE_____________'

                  WRITE(KW(1),'(T24,A)')'INDIVIDUAL STORM DATA'

                  WRITE(KW(1),35)

                  K=0

                  DO J=1,NCMD

                      IF(NQRB(J)==0)CYCLE

                      XX=NQRB(J)

                      PRAV(J)=PRAV(J)/XX

                      TCAV(J)=TCAV(J)/XX

                      DRAV(J)=DRAV(J)/XX

                      ERAV(J)=ERAV(J)/XX

                      J1=NQRB(J)/NBYR

                      SR7=.1*SRCH(7,J)/RWSA(J)

                      X1=SR7/XX

                      IF(ICDT(J)/=1)THEN

                          ! PRINTOUT REACH STORM SUMMARY

                          WRITE(KW(1),24)CMDX(ICDT(J)),J,RWSA(J),J1,TCAV(J),DRAV(J),&

                          ERAV(J),X1,PRAV(J),PRB(J)

                      ELSE

                          K=K+1

                          X2=MAX(NBCT(K),NBCF(K))

                          X3=MAX(NBFT(K),NBFF(K))

                          VCHA(K)=VCHA(K)/(X2+1.E-10)

                          VFPA(K)=VFPA(K)/(X3+1.E-10)

                          WRITE(KW(1),4087)CMDX(ICDT(J)),J,K,NBSA(K),RWSA(J),J1,TCAV(J),&

                          DRAV(J),ERAV(J),X1,PRAV(J),PRB(J),NBCF(K),VCHA(K),VCHB(K)&

                          ,NBFF(K),VFPA(K),VFPB(K)

                      END IF

                  END DO

                  WRITE(KW(1),'(///T42,A)')'AVE ANNUAL DATA'

                  WRITE(KW(1),36)

              END IF    

              IF(KFL(10)>0)WRITE(KW(10),36)

              K=0

              DO J=1,NCMD  ! COMMAND OUTPUT LOOP

                  DO I=7,25

                      SRCH(I,J)=SRCH(I,J)/XYR

                  END DO

                  SR7=.1*SRCH(7,J)/RWSA(J)

                  SR8=SRCH(8,J)/RWSA(J)

                  SR9=SRCH(9,J)/RWSA(J)

                  SR10=SRCH(10,J)/RWSA(J)

                  SR11=SRCH(11,J)/RWSA(J)

                  SR12=SRCH(12,J)/RWSA(J)

                  SR13=SRCH(13,J)/RWSA(J)

                  SR14=SRCH(14,J)/RWSA(J)

                  SR17=SRCH(17,J)/RWSA(J)

                  SR18=SRCH(18,J)/RWSA(J)

                  SR21=SRCH(21,J)/RWSA(J)

                  IF(ICDT(J)==1)THEN

                      K=K+1

                      I1=NISA(NBSA(K))

                      IF(KFL(1)>0)WRITE(KW(1),2302)CMDX(ICDT(J)),J,K,NBSA(K),RWSA(J),&

                      SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),SRCH(23,J),&

                      SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),&

                      SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18

                      IF(KFL(10)>0)THEN

						  WRITE(KW(10),2302)CMDX(ICDT(J)),J,K,NBSA(K),&

                      RWSA(J),SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,&

                      J),SRCH(23,J),SR8,SR13,SR14,SRCH(24,J),&

                      SRCH(25,J),SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18

					  ENDIF

					  

                      CYCLE

                  END IF            

                  IF(ICDT(J)==4)THEN

                      X1=.1/RWSA(J)

                      X2=X1*RSVP(I1)

                      X3=X1*RSVE(I1)

                      J1=I1

                      J2=NBSA(K)

                  ELSE

                      X2=0.

                      X3=0.

                      J1=0

                      J2=0        

                  END IF

                  ! PRINTOUT REACH SUMMARY

                  IF(KFL(1)>0)WRITE(KW(1),2302)CMDX(ICDT(J)),J,J1,J2,RWSA(J),SR7,&

                  SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),SRCH(23,J),&

                  SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),SR9,&

                  SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18,X2,X3

                  IF(KFL(10)>0)WRITE(KW(10),2302)CMDX(ICDT(J)),J,J1,J2,RWSA(J),&

                  SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),&

                  SRCH(23,J),SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),&

                  SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18,X2,X3

              END DO ! COMMAND OUTPUT LOOP

              SR7=.1*SRCH(7,NCMD)/SUMA

              IF(KFL(38)>0)THEN

                  ADRF=0.

                  ADY2=0.

                  ADR2=0.

                  ADYW=0.

                  ADST=0.

                  ADDC=0.

                  ADWS=0.

                  ADKS=0.

                  ADNS=0.

                  ADPS=0.

                  ADTS=0.

                  ADAS=0.

                  ADSS=0.

                  ADLN=0.

                  ADLP=0.

                  ADPL=0.

                  ADY1=0.

                  ADRC=0.

                  ADFU=0.

                  ADFN=0.

                  ADFP=0.

                  ARFP=0. 

                  ADRP=0.

                  AYWP=0.

                  ADPQ=0.

                  ADPY=0.

                  NTX=0

                  DO ISA=1,MSA

                      WSAX=WSA(ISA)

                      ADRF=ADRF+SM(4,ISA)

                      ADR2=ADR2+SM(31,ISA)

                      ADYW=ADYW+SM(36,ISA)

                      ADLN=ADLN+SM(40,ISA)

                      ADLP=ADLP+SM(51,ISA)

                      ADRC=ADRC+SM(25,ISA)*WSAX

                      ARFP=ARFP+SM(142,ISA)

                      ADRP=ADRP+SM(143,ISA)

                      AYWP=AYWP+SM(135,ISA)

                      SMWS(ISA)=SMWS(ISA)/XYR

                      ADWS=ADWS+SMWS(ISA)*WSAX

                      SMNS(ISA)=SMNS(ISA)/XYR

                      ADNS=ADNS+SMNS(ISA)*WSAX

                      SMPS(ISA)=SMPS(ISA)/XYR

                      ADPS=ADPS+SMPS(ISA)*WSAX

                      SMKS(ISA)=SMKS(ISA)/XYR

                      ADKS=ADKS+SMKS(ISA)*WSAX

                      SMTS(ISA)=SMTS(ISA)/XYR

                      ADTS=ADTS+SMTS(ISA)*WSAX

                      SMAS(ISA)=SMAS(ISA)/XYR

                      ADAS=ADAS+SMAS(ISA)*WSAX

                      SMSS(ISA)=SMSS(ISA)/XYR

                      ADSS=ADSS+SMSS(ISA)*WSAX

                      SMY1(ISA)=SMY1(ISA)/XYR

                      ADY1=ADY1+SMY1(ISA)*WSAX

                      SMY2(ISA)=SMY2(ISA)/XYR

                      ADY2=ADY2+SMY2(ISA)*WSAX

                      SMPL(ISA)=SMPL(ISA)/XYR

                      ADPL=ADPL+SMPL(ISA)*WSAX

                      SMPQ(ISA)=SMPQ(ISA)/XYR

                      ADPQ=ADPQ+SMPQ(ISA)*WSAX

                      SMPY(ISA)=SMPY(ISA)/XYR

                      ADPY=ADPY+SMPY(ISA)*WSAX

                      SMFU(ISA)=SMFU(ISA)/XYR

                      ADFU=ADFU+SMFU(ISA)*WSAX

                      SMST(ISA)=SMST(ISA)/XYR

                      ADST=ADST+SMST(ISA)*WSAX

                      DWOC(ISA)=.001*DWOC(ISA)

                      ADDC=ADDC+DWOC(ISA)*WSAX

                      X4=SM(53,ISA)+SM(54,ISA)+SM(55,ISA)

                      ADFN=ADFN+X4

                      X1=SM(56,ISA)+SM(57,ISA)

                      ADFP=ADFP+X1

                      I1=NBSA(IBSA(ISA))

                      I2=NISA(I1)

                      IF(IEXT(I2)>0)THEN

                          II=IDOA(I2)

                          X2=WSA(I2)

                          I3=II

                      ELSE

                          II=IDOA(I2)-1

                          X2=RWSA(II)+WSA(I2)

                          I3=II+2

                      END IF

                      IF(NTX(II)>0)CYCLE

                      CM3MM=3155760./X2

	                  SMH(2,I3)=SMH(2,I3)*CM3MM

 	                  SMH(34,I3)=SMH(34,I3)*CM3MM

                      SMH(35,I3)=SMH(35,I3)*CM3MM

                      SMH(6,I3)=SMH(6,I3)/X2

                      SMH(13,I3)=SMH(13,I3)/X2

                      SMH(9,I3)=SMH(9,I3)/X2

                      SMH(19,I3)=SMH(19,I3)/X2

                      SMH(11,I3)=SMH(11,I3)/X2

                      SMH(27,I3)=SMH(27,I3)/X2

                      SMH(29,I3)=SMH(29,I3)/X2

                      SM(135,ISA)=SM(135,ISA)/X2

                      X1=X1/X2

                      X4=X4/X2

                      WRITE(KW(38),586)ISA,NBSA(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(117,ISA),&

                      SMUA(31,ISA),SMUA(NDVSS,ISA),SMUA(36,ISA),SMY1(ISA),SMY2(ISA),SMWS(ISA),&

                      SMNS(ISA),SMPS(ISA),SMKS(ISA),SMTS(ISA),SMAS(ISA),SMSS(ISA),X4,X1,&

                      SMUA(18,ISA),SMST(ISA),SMFU(ISA),DWOC(ISA),SMUA(38,ISA),SMUA(39,ISA),&

                      SMUA(84,ISA),SMUA(47,ISA),SMUA(80,ISA),SMUA(96,ISA),SMUA(37,ISA),&

                      SMUA(134,ISA),SMUA(46,ISA),SMUA(42,ISA),SMUA(43,ISA),SMUA(49,ISA),&

                      SMUA(142,ISA),SMUA(143,ISA),SMUA(51,ISA),SMUA(48,ISA),SMUA(135,ISA),&

                      SMPQ(ISA),SMPL(ISA),SMPY(ISA),SMH(2,I3),SMH(35,I3),SMH(6,I3),&

                      SMH(13,I3),SMH(9,I3),SMH(19,I3),SMH(11,I3),SMH(27,I3),SMH(29,I3)

                      NTX(II)=1

                  END DO

                  IF(MSA>1)THEN

                      ADRF=.1*ADRF/SUMA

                      ADY2=ADY2/SUMA

                      ADY1=ADY1/SUMA

                      ADR2=ADR2/SUMA

                      ADYW=ADYW/SUMA

                      ADST=ADST/SUMA

                      ADDC=ADDC/SUMA

                      ADWS=ADWS/SUMA

                      ADNS=ADNS/SUMA

                      ADPS=ADPS/SUMA

                      ADKS=ADKS/SUMA

                      ADTS=ADTS/SUMA

                      ADAS=ADAS/SUMA

                      ADSS=ADSS/SUMA

                      ADLN=ADLN/SUMA

                      ADLP=ADLP/SUMA

                      ADPL=ADPL/SUMA

                      ADRC=ADRC/SUMA

                      ADFU=ADFU/SUMA

                      ADFN=ADFN/SUMA

                      ADFP=ADFP/SUMA

                      ARFP=ARFP/SUMA

                      ADRP=ADRP/SUMA

                      AYWP=AYWP/SUMA

                      ADIR=SM18/XYA

                      ADDP=SM96/SUMA

                      ADWN=SM134/XYA

                      ADVO=SM46/XYA

                      ADDN=SM42/XYA

                      ADFX=SM43/XYA

                      ADPQ=ADPQ/XYA

                      SR8=SRCH(8,NCMD)/SUMA

                      SR10=SRCH(10,NCMD)/SUMA

                      SR12=SRCH(12,NCMD)/SUMA

                      SR9=SRCH(9,NCMD)/SUMA

                      SR18=SRCH(18,NCMD)/SUMA

                      SR22=SRCH(22,NCMD)/SUMA

                      SR21=SRCH(21,NCMD)/SUMA

                      SR17=SRCH(17,NCMD)/SUMA

                      SR11=SRCH(11,NCMD)/SUMA

                      WRITE(KW(38),587)ADRF,SR7,XTP(12),ADR2,&

                      SR8,ADYW,ADY1,ADY2,ADWS,ADNS,ADPS,ADKS,&

                      ADTS,ADAS,ADSS,ADFN,ADFP,ADIR,ADST,ADFU,ADDC,SR11,&

                      SR17,SR21,SR22,SR18,ADDP,SR9,ADWN,ADVO,ADDN,ADFX,&

                      SR12,ARFP,ADRP,ADLP,SR10,AYWP,ADPQ,ADPL,ADPY

                  END IF    

              END IF

              IF(KFL(14)>0)THEN

                  WRITE(KW(14),373)RWSA(1),RCHL(1),RCHS(1),RFPL(1),(SRCH(I,1)&

                  ,I=7,12)

                  WRITE(KW(14),373)SUMA,RCHL(MSA),RCHS(MSA),RFPL(MSA)&

                  ,(SRCH(I,NCMD),I=7,12)

              END IF

              X11=10.*SUMA

              SM1=SM1/SUMA

              SM2=SM2/SUMA

              SM3=SM3/SUMA

              SM4=SM4/SUMA

              SM40=SM40/SUMA

              SM81=.001*SM81/SUMA

              X2=100.*SRCH(12,NCMD)/(SRCH(7,NCMD)*SUMA+.1)

              TMAF=.001*TMAF

              TMPD=.001*TMPD

              ! PRINTOUT MANURE FILE

              XX=X11*XYR

              XX1=SUMA*XYR

              AD4=0.

              TSMU=0.

              TSMN=0.                                                                        

              TLMN=0.

              IF(TMAF>0..OR.TMPD>0.)THEN

                  IF(KFL(2)>0)THEN

                      SR9=SRCH(9,NCMD)/SUMA

                      SR8=SRCH(8,NCMD)/SUMA

                      SR10=SRCH(10,NCMD)/SUMA

                      SR11=SRCH(11,NCMD)/SUMA

                      SR12=SRCH(12,NCMD)/SUMA

                      SR17=SRCH(17,NCMD)/SUMA

                      SR18=SRCH(18,NCMD)/SUMA

                      WRITE(KW(2),2303)'TOTAL',SM3,SM2,NMC,SUMA,SR7,SR8,&

                      SR12,SR10,SR11,SR17,SR18,SM40,SR9,SM1,SM4,SM81,X2

                      WRITE(KW(2),'(//T6,A)')'OW ID #  AREA(ha)  MAP(t/ha/y)'

                  END IF    

                  DO IOW=1,NBON

                      IF(OWSA(IOW)<1.E-10)CYCLE

                      OMAP(IOW)=.001*OMAP(IOW)/(XYR*OWSA(IOW))

                      IF(KFL(2)>0)WRITE(KW(2),2308)IOW,OWSA(IOW),OMAP(IOW)

                      TSMU=TSMU+SMNU(IOW)

                      IF(IDFA(1,IOW)>0)THEN

                          ISA=IDFA(1,IOW)

                          KF=IDFT(2,ISA)

                          TSMN=TSMN+SMNU(IOW)*(FN(KF)+FNO(KF))

                          DO J=1,NBSL(ISA)

                              ISL=LID(J,ISA)

                              AD4=AD4+RSDM(ISL,ISA)*(FN(KF)+FNO(KF))*WSA(ISA)

                          END DO

                          KF=IDFT(1,ISA)

                          TLMN=TLMN+WTMU(ISA)*(FN(KF)+FNO(KF))

                      END IF

                  END DO

                  TSMN=1000.*TSMN

                  TOT=0.

                  AD1=0.

                  TWMP=0.

                  AD2=0. 

                  AD3=0.

                  DO ISA=1,MSA

                      SUM=0.

                      DO J=1,NBSL(ISA)

                          ISL=LID(J,ISA)

                          SUM=SUM+RSDM(ISL,ISA)

                      END DO

                      X2=SUM*WSA(ISA)

                      TOT=TOT+X2

                      AD1=AD1+SM(103,ISA)*WSA(ISA)

                      TWMP=TWMP+WTMU(ISA)

                      IF(IDFH(ISA)>0)THEN

                          AD2=AD2+X2

                          SMMU(ISA)=SMMU(ISA)*WSA(ISA)

                          AD3=AD3+SMMU(ISA)

                      END IF

                  END DO

                  AD1=AD1*XYR

                  X1=SUMA*XYR*SRCH(24,NCMD)

                  TWMP=.001*TWMP

                  SM6=.001*SM6

                  SM7=.001*SM7

                  SM8=.001*SM8

                  DDF1=TMPD+TWMB-TWMP-TSMU-TOT-X1-AD1

                  PER=100.*DDF1/(TMPD+1.E-10)

                  IF(KFL(2)>0)WRITE(KW(2),2304)PER,DDF1,TMPD,TWMB,TWMP,TSMU,TOT,X1,AD1

                  DF=TMPD-TMAF+TWMB-TWMP-TSMU-SYMU-SOFU-AD3-AD2

                  PER=100.*DF/(TMPD+1.E-5)

                  IF(KFL(2)>0)THEN

                      WRITE(KW(2),102)PER,DF,TMPD,TMAF,TWMB,TWMP,TSMU,SYMU,SOFU,AD3,AD2

                      WRITE(KW(2),103)SM6,SM7,SM8

                  END IF    

              END IF

              AD4=1000.*AD4

              TWB(1)=XYR*SRCH(9,NCMD)

              TWB(2)=XYA*XTP(21)

              DF=TBTN-SM134+SRQN-SM42+SM43-SM46+SM53+SM54+SM55-SM82-SM96+SM105-TWB(1)&

              -TWB(2)-AD5-SFTN-TLMN-TSMN-TRMN-TRON-AD4

              PER=100.*DF/SFTN

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(//T10,A/)')'TOTAL N BALANCE (kg)'

                  WRITE(KW(1),2314)PER,DF,TBTN,SRQN,SM42,SM43,SM46,SM53,SM54,SM55,SM82,&

                  SM96,SM105,SM134,(TWB(I),I=1,2),AD5,SFTN,TLMN,TSMN,TRMN,TRON,AD4

                  IF(IHY>0)WRITE(KW(1),2299)SQVL(NCMD),SHYD(NCMD)

              END IF    

              TWB(1)=SM9

              TWB(2)=SMH34

              XY1=10.*XYR

              TWB(3)=XYR*SM71

              TWB(4)=XYR*SM155

              TWB(5)=XYR*SM18

              TWB(6)=XYR*SM19

	          TWB(7)=XYR*SM104

              TWB(8)=SM147*XYR

              TWB(9)=SM146*XYR

              TWB(10)=SM156*XYR

              TWB(11)=XYR*SM110

              DF=BSWB+BGWSB+BRSVB+BSNOB+BSWLB+TWB(1)-TWB(2)-TWB(3)-TWB(4)&

              +TWB(5)+TWB(6)+TWB(7)-TWB(8)-TWB(9)-TWB(10)-TWB(11)-FSWB-&

              FGWSB-FRSVB-FSNOB-FSWLB

              PER=100.*DF/FSWB

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(//T10,A/)')'TOTAL WATER BALANCE (m3)'

                  WRITE(KW(1),2312)PER,DF,BSWB,BGWSB,BRSVB,BSNOB,BSWLB,TWB,&

                  FSWB,FGWSB,FRSVB,FSNOB,FSWLB

              END IF    

              TWB(1)=XYA*XTP(3) 

              TWB(2)=XYA*XTP(13)

	          DF=SRYB+SDEG-SDEP+TWB(1)-TWB(2)-SRYF

              PER=100.*DF/(TWB(2)+1.E-10)

              IF(KFL(1)>0)THEN

	              WRITE(KW(1),'(//T10,A/)')'TOTAL SEDIMENT BALANCE'

                  WRITE(KW(1),2315)PER,DF,SRYB,TWB(1),TWB(2),SDEP,SDEG,SRYF

              END IF    

              ! 1 MNX(1) = NUMBER OF Y FOR SECOND THRU LAST SIMULATION.

              ! 2 MNX(2) = 0 FOR NORMAL EROSION OF SOIL PROFILE

              !         = 1 FOR STATIC SOIL PROFILE

              ! 3 MNX(3) = N0 FOR ANNUAL WATERSHED OUTPUT

              !         = N1 FOR ANNUAL OUTPUT                       | N YEAR INTERVAL

              !         = N2 FOR ANNUAL WITH SOIL TABLE              | N=0 SAME AS

              !         = N3 FOR MONTHLY                             | N=1 EXCEPT

              !         = N4 FOR MONTHLY WITH SOIL TABLE             | N=0 PRINTS

              !         = N5 FOR MONTHLY WITH SOIL TABLE AT HARVEST  | OPERATIONS

              !         = N6 FOR N DAY INTERVAL

              !         = N7 FOR SOIL TABLE ONLY N DAY INTERVAL

              !         = N8 FOR SOIL TABLE ONLY DURING GROWING SEASON N DAY INTERVAL

              !         = N9 FOR N DAY INTERVAL DURING GROWING SEASON

              ! 4 MNX(4) = ID NUMBER OF WEATHER VARIABLES INPUT.  RAIN=1,  TEMP=2,

              !           RAD=3,  WIND SPEED=4,  REL HUM=5.  IF ANY VARIABLES ARE INP

              !           RAIN MUST BE INCLUDED.  THUS, IT IS NOT NECESSARY TO SPECIF

              !           ID=1 UNLESS RAIN IS THE ONLY INPUT VARIABLE.

              !           LEAVE BLANK IF ALL VARIABLES ARE GENERATED.  EXAMPLES

              !           NGN=1 INPUTS RAIN.

              !           NGN=23 INPUTS RAIN, TEMP, AND RAD.

              !           NGN=2345 INPUTS ALL 5 VARIABLES.

              ! 5 MNX(5) = TURNS ON .SAO FILE.

              ! 6 MNX(6) = TURNS ON .RCH FILE.

              NN=NGN

              READ(KR(6),3100)(MNX(I),I=1,7)

              IF(MNX(1)==0)EXIT

              NBYR=MNX(1)

              ISTA=MNX(2)

              IPD=MNX(3)

              NGN=MNX(4)

	          KFL(34)=MNX(5)

	          IF(KFL(34)>0)OPEN(KW(34),FILE=ASTN//".SAO")

	          KFL(35)=MNX(6)

	          IF(KFL(35)>0)THEN

                  OPEN(KW(35),FILE=ASTN//".RCH")

	              SMMH=0.

              END IF

	          CALL AISPL(IPD,INP)

              IF(INP>0)THEN

                  NOP=0

              ELSE

                  NOP=1

                  INP=1

              END IF

              IF(IPD<=5)IPYI=INP

              IF(NGN>0)THEN

                  NDWT=0

                  DO ISA=1,MSA

                     NDWT=NDWT+1

	                  CALL WDLYSTA

	              END DO

              END IF

              IPY=1

              DO K=1,MSA

                  NX(K)=K

              END DO

              CALL ARESET

          END DO    ! OUTPUT LOOP

	      REWIND KR(6)

          IF(NGN0>0)THEN

              M=NDWT-1  !NDWT -> NDWT-1, Jaehak 2020, fixed array error.

              DO L=1,M

                  REWIND KRST(L)

              END DO

          END IF

          IGN=IGN+100

          IF(IGN<IGMX*100)THEN

              REWIND KR(1)

              REWIND KR(5)

              GO TO 2140

          ELSE

              IGN=0

          END IF

          CLOSE(KR(1))

          CLOSE(KR(5))

          DO I=2,SIZE(KW)

              CLOSE(KW(I))

          END DO

          CALL ADEALLOCATE

      END DO  ! RUN LOOP

      DO I=1,SIZE(KR)

          CLOSE(KR(I))

      END DO

      ALLOCATE (KW(2*MSA+MSO))

      KW(1)=101

      CALL ATIMER(1)

      CLOSE(KW(1))

      STOP

    3 FORMAT(1X,A4,12F9.0,11X,A4)

   12 FORMAT(T10,'CHANNEL GEOMETRY PARMS'/T15,'WIDTH  = ',2F8.4/T15,&

      'DEPTH  = ',2F8.4/T15,'LENGTH = ',2F8.4)

   16 FORMAT(T23,'--------ID NUMBERS---------'/T10,'COMMAND',6X,'CMD',&

      5X,'OUT',5X,'IN1',5X,'SA#',5X,'IN2',5X,'SA#')

   17 FORMAT(T10,A8,3I8,8X,2I8)

   18 FORMAT(//1X,'______________WATERSHED SUMMARY TABLE________________&

      _'/T10,'AVE ANNUAL SUM OF SUBAREA OUTFLOWS/TOTAL WATERSHED OUTFLOW'/)

   19 FORMAT(11F10.0)   

   24 FORMAT(8X,A2,I8,19X,F12.2,I4,F8.2,F8.3,F8.2,3F8.1)

   33 FORMAT(8X,A2,I8,19X,F12.2,5F8.1,20F8.2)

   35 FORMAT(T89,'_____QRB______'/T16,'OUT',12X,'SA',11X,'WSA',3X,&

      '# FLOWS',2X,'TC',5X,'DR',7X,'ER',6X,'Q',6X,'MEAN',4X,'MAX',5X,&

      '# CH',3X,'VCHA',4X,'VCHB',5X,'# FP',3X,'VFPA',4X,'VFPB'/T8,'CMD',&

      5X,'ID#',9X,'#',7X,'ID',6X,'(ha)',4X,'/y',3X,'(h)',T82,'(mm)',3X,&

      '|---(mm/h)---|',3X,'FLOWS',2X,'|----(m/s)---|',3X,'FLOWS',2X,&

      '|----(m/s)---|')

   36 FORMAT(T16,'OUT',12X,'SA',12X,'WSA',6X,'Q',6X,'SSF',5X,'QRF',5X,&

      'QDR',5X,'RTF',4X,'PIPE',6X,'Y',6X,'DEP',5X,'DEG',4X,'YMNU',6X,&

      'YC',6X,'YN',6X,'QN',6X,'YP',6X,'QP',4X,'SSFN',4X,'QRFN',4X,'QDRN',&

      4X,'RTFN'/T8,'CMD',5X,'ID#',9X,'#',7X,'ID',7X,'(ha)',4X,'|--------&

      ------------(mm)-------------------|',2X,'|----------------(t/ha)-&

      --------------|',1X,'|------------------------(kg/ha)-------------&

      ----------------|')

   39 FORMAT(T10,'SUBAREA CONTAINS LAGOON'/T15,'DRAINAGE AREA = ',F7.2,&

      ' ha'/T15,'NORMAL VOL = ',E12.4,' mm'/T15,'MAX VOL = ',E12.4,' mm'&

      /T15,'DRAW DOWN TIME = ',F6.2,' d'/T15,'WASH WATER = ',F6.3,&

      ' m3/hd/d'/T15,'DESIGN SAFETY FACTOR =',F6.3)

  101 FORMAT(13X,I10)

  102 FORMAT(/5X,'MANURE APPLICATION BALANCE (T)'/5X,'PER =',E13.6,2X,&

      'DF  =',E13.6,2X,'TWMP=',E13.6,2X,'TMAP=',E13.6,2X,'TWMB=',E13.6/&

      5X,'TWMF=',E13.6,2X,'TSMU=',E13.6,2X,'YMFA=',E13.6,2X,'LGOF=',E13.6,&

      2X,'MNFA=',E13.6/5X,'RSFA=',E13.6)

  103 FORMAT(/5X,'LIQUID MANURE APPLIED (T)=',E13.6//5X,'COMMERCIAL FERT &

      APPLIED (T)'/10X,'P=',E13.6/10X,'N=',E13.6)

  104 FORMAT(//8X,'Y',3X,'M',3X,'D',1X,'ISA',1X,'ID#',1X,'NBPQ',12X,'RUN NAME',&

      26X,'WSAha',6X,'QPMX',6X,'QPMN',6X,'QPSD',20(6X,A4))

  105 FORMAT(5X,5I4,I5,1X,A40,F10.3,3F10.2,F10.0,2F10.1,F10.0,10F10.3)      

  140 FORMAT(10F10.0,I10)                     

  316 FORMAT(/T10,'TILLAGE OPERATIONS'/6X,'DATE',T21,'OP',3X,'COST',6X,'MX',&

      6X,'RR',6X,'DP',6X,'FR',5X,'RHT',5X,'RIN',5X,'DKH',5X,'DKI',6X,'HV',&

      6X,'HV',10X,'NRCS',5X,'IRR',6X,'Q/'/6X,'Y M D',3X,'NAME',2X,'CD',&

      2X,'($/ha)',5X,'EF',5X,'(mm)',4X,'(mm)',4X,'COMP',4X,'(mm)',5X,'(m)'&

      4X,'(mm)',5X,'(m)',5X,'EF',5X,'IDX',4X,'CROP',3X,'CN',4X,'TRGR',4X,&

      'VIRR',4X,'HUSC')

  317 FORMAT(5X,3I2,1X,A8,I2,2F8.2,2F8.0,F8.3,F8.0,F8.2,F8.0,2F8.2,F8.3&

      ,5X,F8.1,2F8.2,F8.3)

  326 FORMAT(/2X,A4,1X,'YLD=',F5.1,'/',F5.1,2X,'BIOM=',F5.1,'t/ha',2X,&              

      'YLN=',F5.0,2X,'YLP=',F5.0,2X,'YLK=',F5.0,2X,'FN=',F5.0,2X,'FP=',&

      F5.0,2X,'FK=',F5.0,'kg/ha'/T7,'IRGA=',F5.0,2X,'CAW=',F6.0,'mm',&

      2X,'WUEF=',F7.2,'kg/mm',2X,'RAD=',F7.0,'Mj/m2',2X,'HU=',F7.0,2X,&

      'PSTF=',F5.2)                           

  328 FORMAT(/T10,'FERTILIZER APPLIED'/T11,'DATE',T31,'FT',4X,'EQ',4X,&               

      'TR',4X,'COST',6X,'WT',4X,'DPTH',2X,'|------------FRACTION OF WT--&            

      ----------|'/T9,'Y   M   D',2X,'NAME',7X,'NO',4X,'NO',4X,'NO',4X,&                

      '$/ha',3X,'kg/ha',6X,'mm'6X,'MN',5X,'NH3',6X,'ON',6X,'MP',6X,'OP',&             

      4X,'HUSC')                                                                 

  329 FORMAT(5X,3I4,1X,A8,3I6,F8.2,2F8.0,6F8.3)                                           

  330 FORMAT(T10,'COSTS'/T15,'LIME = ',F7.2,' $/t'/T15,'IRR WATER = ',&

      F7.2,' $/mm'/T15,'FUEL PRICE = ',F7.2,' $/l'/T15,'WAGE PRICE =',&

      F7.2,' $/h')

  373 FORMAT(10E13.5)

  396 FORMAT(8F10.0)

  401 FORMAT(T10,'AUTO HYDRAULICS DESIGN'/T15,'2 Y FREQ 24 H RAINFALL ='&

      ,F6.0,' mm'/T15,'RUNOFF VOL = ',F5.1,' mm'/T15,'CH CAP-WSA EXP = '&

      ,F6.3,/T15,'BASE CH LENGTH = ',F6.2,' km'/T15,'BASE CH SLOPE = ',&

      F8.5,' m/m'/T15,'BASE TC = ',F6.3,' h'/T15,'BASE PEAK FLOW = ',&

      F6.2,' mm/h'/T15,'CH BW/D = ',F4.1/T15,'FP WIDTH/CH WIDTH = ',F6.1&

      /T10,'FLOODPLAIN SAT COND = ',F7.4,' mm/h'/T10,'MAX GROUNDWATER ST&

      ORAGE = ',F5.0,' mm'/T10,'GROUND WATER RESIDENCE TIME = ',F5.0,&

      ' d'/T10,'RF/(RF+DPRK) = ',F6.3/T10,'FRACTION SUBAREA ABOVE PONDS = '&

      ,F6.3/T10,'REACH CH C FACTOR = ',F6.3)

  412 FORMAT(T10,'LAGOON PUMP DATE = ',I4/T10,'SOLID MANURE SCRAPE &

      INTERVAL = ',I4,' d')

  417 FORMAT(/1X,'-----TIME OF CONCENTRATION STATS(h)'/T10,'MEAN = ',&

      F6.2,5X,'MIN = ',F6.2,5X,'MAX = ',F6.2)

  448 FORMAT(/1X,'-----SEDIMENT OF CONCENTRATION STATS(g/m3)'/T10,'MEAN&

      = ',F10.0,5X,'MAX = ',F10.0,5X,'STDV = ',F10.0)

  460 FORMAT(/1X,'-----FREQUENCY & DURATION OF PESTICIDE LOSS(g/ha)'/T35&

      ,'DURATION(d)'/20X,'1',12X,'4',11X,'21',11X,'60',11X,'90')

  461 FORMAT(///1X,'______________WATERSHED SUMMARY TABLE_____________')     

  470 FORMAT(5X,A4,10E12.4)

  472 FORMAT('REACH',I5,I9,I6,50E12.4)

  498 FORMAT(4X,I8,1X,I8,51F10.2)

  508 FORMAT(1X,A5,4X,A80)      

  509 FORMAT(10X,A80)

  526 FORMAT(T10,A8,2X,3I4)

  576 FORMAT(1X,A4,11F10.0,A5)

  577 FORMAT(T7,'STRESS (BIOM) WATER=',F5.1,2X,'N=',F5.1,2X,'P=',F5.1,2X&            

      ,'K=',F5.1,2X,'TEMP=',F5.1,2X,'AIR=',F5.1,2X,'SALT=',F5.1,5X,&                 

      '(ROOT) BD=',F5.1,2X,'ALSAT=',F5.1,2X,'TEMP=',F5.1,'D')                        

  583 FORMAT(T74,'COTL',6X,'COOP',6X,'MTCO',6X,'MASS',6X,'FUEL'/6X,'SA#'&

      ,6X,'ID',4X,'Y M D',5X,'OP',14X,'CROP',2X,'MT#  HC',2X,'EQ  TR',2X&

      ,'|----------($/ha)-----------|',2X,'(kg/ha)',4X,'(l/ha)')

  584 FORMAT(6X,'QS',9X,'Y',8X,'QN',6X,'SSQN',8X,'YN',6X,'DWOC'/5X,&

      '(mm)',6X,'(t/ha)',2X,'|----------(kg/ha)----------|',3X,'(t/ha)')

  585 FORMAT(6X,'SA#',4X,'SAID',6x,'RFmm'7X,'Qmm',4X,'WYLDmm',2X,'RUS2t/ha',&

      5X,'Yt/ha',2X,'YWNDt/ha',2X,'YLDGt/ha',2X,'YLDFt/ha',7X,'WSd',7X,'NSd',&

      7X,'PSd',7X,'KSd',7X,'TSd',7X,'ASd',7X,'SSd',3X,'FNkg/ha',3x,&

      'FPkg/ha',4X,'IRGAmm',6X,'STIR',2X,'FULUl/ha',2X,'DWOCt/ha',3X,&

      'QNkg/ha',1X,'SSFNkg/ha',1X,'QRFNkg/ha',1X,'QDRNkg/ha',1X,&

      'RTFNkg/ha',1X,'DPKNkg/ha',3X,'YNkg/ha',1X,'YNWNkg/ha',1X,&

      'NVOLkg/ha',1X,'DNITkg/ha',1X,'NFIXkg/ha',3X,'QPkg/ha',1X,&

      'SSFPkg/ha',1X,'QDRPkg/ha',1X,'PRKPkg/ha',3X,'YPkg/ha',1X,&

      'YPWNkg/ha',2X,'QPSTg/ha',2X,'LPSTg/ha',2X,'YPSTg/ha',7X,'Qmm',&

      4X,'WYLDmm',5X,'Yt/ha',2X,'TQNkg/ha',3X,'YNkg/ha',3X,'QPkg/ha',&

      3X,'YPkg/ha',2X,'QPSTg/ha',2X,'YPSTg/ha')

  586 FORMAT(1X,2I8,100F10.3)      

  587 FORMAT(8X,'WATERSHED',100F10.3)

  602 FORMAT(19X,'WPM1 = ',A20,2X,'FRACT WSA = ',F6.3/T11,'JAN',6X,'FEB'&

      ,6X,'MAR',6X,'APR',6X,'MAY',6X,'JUN',6X,'JUL',6X,'AUG',6X,'SEP',6X&

      ,'OCT',6X,'NOV',6X,'DEC',6X,' YR')

  603 FORMAT(T11,'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,&

      'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')

  635 FORMAT(/10X,'SA#= ',I8,1X,'ID= ',I8/T35,'SOIL LAYER NO'/2X,11(6X,&

      A4))

  637 FORMAT(5X,'ELSC=',E13.6,2X,'ELMC=',E13.6,2X,'EBMC=',E13.6,2X,&

      'EHSC=',E13.6,2X,'EHPC=',E13.6)

  639 FORMAT(5X,'ESK =',E13.6,2X,'EEK =',E13.6,2X,'EFK =',E13.6,2X,&

      'ESDK=',E13.6/5X,'ESOK=',E13.6,2X,'EUK1=',E13.6)                    

  646 FORMAT(5X,2I4,2I10,4F10.3)

  649 FORMAT(1X,A4,11F10.3,A5)

  677 FORMAT(/T10,'AUTO IRR EQUIP  = ',A8,2X,'DEPTH = ',F6.3,' m')

  689 FORMAT(T10,'ANIMAL FERT DUMP = ',A8,2X,'DEPTH = ',F6.3,' m',2X,&

      'FERT = ',A8)

  690 FORMAT(T10,'AUTO STOCK PILE MANURE = ',A8,2X,'DEPTH = ',F6.3,' m',&

      2X,'FERT = ',A8)

  691 FORMAT(T10,'AUTO LIQUID MANURE = ',A8,2X,'DEPTH = ',F6.3,' m',&

      2X,'FERT = ',A8/)              

  713 FORMAT(/1X,'-----LIVESTOCK BUY SELL DATA'/T27,'HERD'/T12,'OWNER',&

      1X,'HERD',5X,'SIZE'/6X,'Y M D',3X,'ID  ID',5X,'(HEAD)')

  714 FORMAT(///1X,'____________________LIVESTOCK MANAGEMENT DATA_______&

      _____________'//T20,'HERD',13X,'FRACTION',3X,'GRAZE',4X,'MANURE',&

      5X,'URINE'/4X,'OWNER',1X,'HERD',5X,'SIZE',5X,'MANURE',3X,'IN FEED'&

      ,4X,'RATE',6X,'PROD',6X,'PROD',/7X,'ID  ID',5X,'(HEAD)',7X,'ID',5X&

      ,'AREA',T46,'(kg/hd/d)',1X,'(kg/hd/d)',1X,'(l/hd/d)')

  716 FORMAT(T10,'AUTO FERT EQUIP = ',A8,2X,'DEPTH = ',F6.3,' m',2X,&

      'FERT = ',A8)

  729 FORMAT(3X,'SA# SAID   YR  YR#',5X,'Q',5X,'SSF',5X,'PRK',4X,'QDRN',&

      7X,'Y',5X,'YOC',5X,'PSTN',14X,'PAPL',9X,'PSRO',9X,'PLCH',9X,'PSSF'&

      ,9X,'PSED',9X,'PDGF',9X,'PDGS',9X,'PDRN',9X,'PRSF'/23X,'|---------&

      ---(mm)------------|  (t/ha)',2X,'(t/ha)',17X,'|-----------------&

      --------------------------------(g/ha)----------------------------&

      --------------------|')          

  811 FORMAT(10I8)

  848 FORMAT(5X,3I2,1X,2I4,I10)

  854 FORMAT(/10X,A80)

  856 FORMAT(7X,A20,2X,A4)

  857 FORMAT(I9,1X,'AVEAN',4X,4F10.2,10X,5(A10,50X,7F10.2,20X,2F10.2))

  859 FORMAT(1X,'AVEAN',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,60X,6(2F10.2,90X,7F10.2,A10))

  900 FORMAT(T49,'_______WATER CONTENT________   ___SAT COND__    __BULK &

      DEN___   ___________TEXTURE__________  CROP',12X,'SUM',13X,'AL',&

      12X,'P SORP',3X,'_______MIN P_______',5X,'ORG',5X,'NO3',5X,'ORG',&

      5X,'ORG'/8X,'SUBAREA',T31,'LAY',4X,'DEPTH',4X,'POR',5X,'FC',6X,&

      'WP',4X,'CURNT',4X,'VERT',4X,'HORZ',4X,'33KPA  OV DRY',4X,'SAND',&

      4X,'SILT',4X,'CLAY',4X,'ROCK',4X,'RSD'5X,'PH',6X,'BASE',4X,'CEC',&

      4X,'SAT',5X,'CACO3',4X,'RTO',4X,'LAB',5X,'ACT',5X,'STB',6X,'P',7X,&

      'N',7X,'N',7X,'C'/7X,'#',6X,'ID',3X,'YR',1X,'YR#',2X,'MO',2X,'NO',&

      5X,'(m)',4X,'------------(m/m)-----------',3X,'---(mm/h)----',5X,&

      '--(t/m3)---',5X,'------------(%)-------------',2X,'(t/ha)',11X,&

      '-(cmol/kg)--',4X,'-----(%)-----',11X,&

      '---------------------(g/t)------------------',4X,'(%)')           

  934 FORMAT(10X,'WATERSHED AREA = ',F10.2,' ha',T84,20(A16,6X))

  935 FORMAT(10X,'WATERSHED AREA = ',F10.2,' ha',T126,20(A16,18X))

  937 FORMAT(2X,'JDA   YR',T19,'WYLDmm',11X,'Yt/ha',11X,'YNkg/ha',10X,&

      'YPkg/ha',10X,'QNkg/ha',10X,'QPkg/ha',1X,20(9X,'QPSTg/ha',9X,&

      'YPSTg/ha'))

  938 FORMAT(3X,'YR',3X,'MO',6X,'WYLDmm',6X,'Yt/ha',4X,'YNkg/ha',4X,&

      'YPkg/ha',4X,'QNkg/ha',4X,'QPkg/ha',20(3X,'QPSTg/ha',3X,'YPSTg/ha'))

  939 FORMAT(2X,'JDA   YR',T19,'WYLDmm',11X,'Yppm',12X,'YNppm',12X,&

      'YPppm',12X,'QNppm',12X,'QPppm')    

1001 FORMAT(20X,'1',11X,'2',11X,'3',11X,'4',11X,'5',11X,'6',11X,'7',&

      11X,'8',11X,'9',10X,'10',10X,'11',10X,'12',10X,'13',10X,'14',10X,&

      '15',10X,'16',10X,'17',10X,'18',10X,'19',10X,'20',10X,'21',10X,'22',&

      10X,'23',10X,'24',10X,'25',10X,'26',10X,'27',10X,'28',10X,'29',10X,&

      '30',10X,'31',10X,'32',10X,'33',10X,'34',10X,'35',10X,'36',10X,'37',&

      10X,'38',10X,'39',10X,'40',10X,'41',10X,'42',10X,'43',10X,'44',10X,&

      '45',10X,'46',10X,'47',10X,'48',10X,'49',10X,'50',10X,'51',10X,'52',&

      10X,'53',10X,'54'/7X,'YR',6X,'PRCPmm',8X,'ETmm',9X,'Qmm',7X,'SSFmm',&

      6X,'RSSFmm',7X,'QRFmm',7X,'QDRmm',7X,'PRKmm',6X,'IRGAmm',&

      8X,'WYmm',7X,'Yt/ha',4X,'YWNDt/ha',5X,'QNkg/ha',3X,'SSFNkg/ha',3X,&

      'QRFNkg/ha',3X,'RSFNkg/ha',5X,'YNkg/ha',3X,'YNWNkg/ha',3X,&

      'QDRNkg/ha',3X,'PRKNkg/ha',5X,'DNkg/ha',3X,'AVOLkg/ha',3X,&

      'NFIXkg/ha',4X,'FNOkg/ha',3X,'FNMNkg/ha',3X,'FNMAkg/ha',5X,&

      'QPkg/ha',5X,'YPkg/ha',3X,'YPWNkg/ha',3X,'PRKPkg/ha',4X,'FPOkg/ha',&

      4X,'FPLkg/ha',5X,'QCkg/ha',5X,'YCkg/ha',3X,'YCWNkg/ha',&

      4X,'RFNkg/ha',4X,'YLNkg/ha',4X,'YLPkg/ha',4X,'BTNkg/ha',4X,'BTPkg/ha',&

      4X,'FTNkg/ha',4X,'FTPkg/ha',4X,'BTCkg/ha',4X,'FTCkg/ha',3X,&

      'BPDPkg/ha',3X,'FPDPkg/ha',3X,'BSLTkg/ha',3X,'FSLTkg/ha',3X,&

      'BTC1kg/ha',3X,'FTC1kg/ha',2X,'RUS2A1t/ha',7X,'YTHSd',7X,'YWTHd',3X,&

      'QDRPkg/ha')

 2072 FORMAT(T31,'RFV',7X,'Q',5X,'SSF',5X,'YSD',10(23X,'PSRO',8X,'PSSF',&

      8X,'PSED',4X)/6X'SA#',6X,'ID',4X,'Y M D',2X,'|----------(mm)------&

      --|',1X,'(t/ha) ',15(3X,'PSTN',11X,'|--------------(g/ha)---------&

      -----|',1X))     

 2073 FORMAT(/T5,'APEX1501 v20230328',2X,3I4,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

 2111 FORMAT(/T52,'_____________CHANNEL_____________   ________UPLAND___&

      ______',T172,'INITIAL COND'/14X,'SA',9X,'WSA',6X,'XCT',6X,'YCT',6X&

      ,'L',8X,'d',8X,'S',8X,'N',8X,'S',8X,'SL',7X,'N',8X,'SL',7X,'TC',&

      16X,'GWST',5X,'GWMX',3X,'GWRESTM',6X,'SNO',6X,'STD',T207,'BFFL',&

      T270,'SATK'/11X,'#',7X,'ID',4X,'(ha)',5X,'(km)',5X,'(km)',5X,&

      '(km)',5X,'(m)',5X,'(m/m)',13X,'(m/m)',5X,'(m)',T116,'FACT',5X,&

      '(h)',4X,'RF/DPRK',5X,'(mm)',5X,'(mm)',6X,'(d)',5X,'(mm)',5X,'(t)',&

      5X,'URBF',5X,'BCOF',7X,'(m)',6X,'CN2',T225,'SOIL',T244,'OPSC',&

      T263,'NVCN',3X,'(mm/h)',T282,'FWTH')

 2112 FORMAT(5X,'ISA',4X,'NBSA',4X,'Y   M   D',8X,'CN',7X,'SCI',5X,'RFVmm',&

      4X,'STMP2c',5X,'SMLmm',7X,'Qmm',5X,'SSFmm',5X,'QRFmm',4X,'RSSFmm',&

      4X,'WYLDmm',3X,'QRBmm/h',7X,'TCh',6X,'DURh',6X,'ALTC',7X,'AL5',3X,&

      'REPmm/h',4X,'RZSWmm',4X,'GWSTmm')           

 2122 FORMAT(T7,A4,100F10.2)

 2123 FORMAT(T7,A4,100F10.0)

 2124 FORMAT(T10,A80,F8.4)      

 2126 FORMAT(/T43,'________________________________CHANNEL______________&

      ________________    ______FLOODPLAIN_______'/14X,'SA',9X,'WSA',6X,&

      'RWSA',7X,'L',8X,'d',7X,'S',8X,'BW',7X,'TW',8X,'N',7X,'C',9X,'K',&

      8X,'W',8X,'L',7X,'S'/11X,'#',7X,'ID ',3X,'(ha)',5X,'(ha)',5X,&

      '(km)',6X,'(m)',4X,'(m/m)',6X,'(m)',6X,'(m)',33X,'(m)',5X,'(km)',&

      4X,'(m/m)')

 2128 FORMAT(/T35,'_EMERG SPLWAY_     _____PRINC SPLWAY_____'/T36,'SURF'&

      ,T54,'SURF',T71,'FLOOD',4X,'_____INIT_____',4X,'NORM',5X,'HYD',6X,&

      'SETTL'/17X,'SA',7X,'WSA',6X,'AREA',6X,'VOL',5X,'AREA',6X,'VOL',3X,&

      'ST REL',6X,'VOL',4X,'SED C    SED C',3X,'COND',7X,'TIME'/10X,'#',8X&

      ,'ID',5X,'(ha)',5X,'(ha)',5X,'(mm)',5X,'(ha)',5X,'(mm)',5X,&

      '(d)',6X,'(mm)',4X,'____(g/m3)____',2X,'(mm/h)',7X,'(d)')

 2129 FORMAT(//6X,'SAID',2X,'YR',2X,'MO',4X,4(1X,2A4,1X),A10,&

      5(1X,A8,1X,11(1X,2A4,1X),4(A8,2X)))

 2142 FORMAT(//6X,'SAID',5X,'GIS',2X,'TIME',2X,'WSAha',4X,34(1X,2A4,1X),&

      ' WOCt/ha  ','PCTI200um',1X,'PCTI10um',2X,'PCTI2um',3X,'PCTO200um',1X,&

      'PCTO10um',2X,'PCTO2um',2X,5(2X,'YLDGt/ha',2X,'YLDFt/ha',17&

      (2X,2A4),5X,'CPNM-'))

 2143 FORMAT(5X,'RUN # = ',I4,2X,'SUBAREA FILE = ',A80)

 2151 FORMAT(T10,A8,5I8)

 2157 FORMAT(1X,6F10.3)

 2162 FORMAT(//6X,'RCID',6X,'GIS',2X,'TIME',3X,'WSAha',5X,35(1X,2A4,3X),&

      1X,'PCTI200um',3X,'PCTI10um',4X,'PCTI2um',5X,'PCTO200um',3X,&

      'PCTO10um',4X,'PCTO2um')

 2232 FORMAT(//T10,'SA#=',I8,1X,'ID=',I8)

 2281 FORMAT(10X,3F10.2)

 2282 FORMAT(1X,2I8,I4,1X,A4,2F5.1,3F5.0,F10.3,F6.0,8F8.3,2F6.0,F6.1,&

      2F6.0,F6.0)

 2284 FORMAT(/10X,'AVE ANNUAL VALUES'/11X,'SA',6X,'OWN',5X,'YLD1',1X,&

      'YLD2',1X,'YLN',2X,'YLP',2X,'COW',5X,'WSA',5X,'Q',7X,'Y',6X,'QP',&

      6X,'YP',6X,'QN',4X,'SSFN',4X,'RSFN',4X,'PRKN',6X,'YN',6X,'FP',4X,&

      'FN',3X,'MAP',3X,'AP0',3X,'APF',3X,'CSP'/8X,'#',6X,'ID',3X,&

      '# CROP',1X,'|--t/ha-| |-kg/ha-|',2X,'HD',6X,'HA',6X,'mm',4X,&

      't/ha',3X,'|-----------------------------kg/ha--------------------&

      ----------|',2X,'t/ha',1X,'|---g/t---|',2X,'g/m3')

 2299 FORMAT(//T10,'FLOOD ROUTING SUMMARY WATERSHED OUTLET'/T10,&

      'SUM QVOL = ',E16.6,' mm',2X,'SUM HVOL = ',E16.6,' mm')

 2302 FORMAT(8X,A2,I8,2X,I8,1X,I8,F12.2,6F8.1,20F10.2)

 2303 FORMAT(4X,A5,27X,2F5.0,I5,30E16.6)

!2303 FORMAT(4X,A5,27X,2F5.0,I5,F10.3,F6.0,8F8.3,2F6.0,F6.1,12X,3F6.2)      

 2304 FORMAT(//5X,'MANURE BALANCE (T)'/5X,'PER =',E13.6,2X,'DF  =',E13.6,&

      2X,'TMPD=',E13.6,2X,'TWMB=',E13.6,2X,'TWMF=',E13.6/5X,'TSMU=',E13.6,&

      2X,'RSDM=',E13.6,2X,'YMNU=',E13.6,2X,'MNMU=',E13.6)            

 2308 FORMAT(7X,I4,2F10.2)

 2309 FORMAT(1X,4F10.4,6F10.3)

 2312 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BSW =',D13.6,2X,&

      'BGWS=',D13.6,2X,'BRSV=',D13.6,2X,'BSNO=',D13.6/5X,'BSWL=',D13.6,&

      2X,'PCP =',D13.6,2X,'WYLD=',D13.6,2X,'DPRK=',D13.6,2X,'ET  =',&

      D13.6,2X,'IRG =',D13.6/5X,'QIN =',D13.6,2X,'PSOQ=',D13.6,2X,&

      'EVRT=',D13.6,2X,'RSIR=',E13.6,2X,'WLIR=',E13.6,2X,'IRDL=',D13.6/&

      5X,'FSW =',D13.6,2X,'FGWS=',D13.6,2X,'FRSV=',D13.6,2X,'FSNO=',&

      D13.6,2X,'FSWL=',D13.6)

 2313 FORMAT(3X,'WSA(ha)   CHL(km)  CHS(m/m)   FPL(km)     Q(mm)',5X,&

      'Y(t/ha) YN(kg/ha) YP(kg/ha) QN(kg/ha) QP(kg/ha)')

 2314 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BSN =',D13.6,2X,&

      'PCP =',D13.6,2X,'DN  =',D13.6,2X,'NFIX=',D13.6/5X,'VOL =',D13.6,2X,&

      'FNO =',D13.6,2X,'FNMN=',D13.6,2X,'FNMA=',D13.6,2X,'BURN=',D13.6,2X,&

      'DPKN=',D13.6/5X,'PSON=',D13.6,2X,'YNWN=',D13.6,2X,'YN  =',D13.6,2X,&

      'WYLN=',D13.6,2X,'YLN =',D13.6,2X,'FSN =',D13.6/5X,'TLMN=',D13.6,2X,&

      'TSMN=',D13.6,2X,'TRMN=',D13.6,2X,'TRON=',D13.6,2X,'RSDN=',D13.6)                

 2315 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BRSY=',D13.6,2X,&

      'YS  =',D13.6,2X,'YW  =',D13.6,2X,'DEP =',D13.6/5X,'DEG =',D13.6,&

      2X,'RSYF=',D13.6/)

 2320 FORMAT(I4,6F8.0)

 2410 FORMAT(4X,'1',6X,'2',6X,'3',6X,'4',6X,'5',6X,'6',6X,'7',6X,'8',&

      6X,'9',5X,'10',5X,'11',5X,'12',5X,'13',5X,'14',5X,'15',5X,'16',5X,&

      '17',5X,'18',5X,'19',5X,'20')

 2420 FORMAT(5X,3I2,F8.1,F8.2)

 2450 FORMAT(T10,'PEAK RATE-EI ADJ FACTOR = ',F6.3/T10,'AVE N CONC IN RA&

      INFALL = ',F5.2,' ppm'/T10,'CONC OF N IN IRRIGATION WATER = ',&

      F6.1,' ppm'/T10,'MANURE APP FOR P UPTAKE RATE = ',F6.0,' kg/ha/y'/&

      T10,'MANURE APP FOR N UPTAKE RATE = ',F6.0,' kg/ha/y'/T10,&

      'MNUL = ',I3)

 2460 FORMAT(/1X,'-----CURVE NUMBER DISTRIBUTION'/T10,'>95=',F5.2,3X,'>&

      90=',F5.2,3X,'>85=',F5.2,3X,'>80=',F5.2,3X,'>75=',F5.2,3X,'>70=',&

      F5.2,3X,'>65=',F5.2,3X,'>60=',F5.2,3X,'>55=',F5.2,3X,'<55=',F5.2)

 2470 FORMAT(3I3,4I5,7F8.0)

 2480 FORMAT('+',T114,A4)

 2510 FORMAT(2F8.0)

 2520 FORMAT(T10,'PERIOD OF RECORD FOR P5MX =',F4.0,' Y')

 2540 FORMAT(I5,E13.5,2F10.3,2E13.5)

 2550 FORMAT(1X,A4,13F9.1,2X,A4)

 2560 FORMAT(T10,'FURROW DIKE SYSTEM SAFETY FACTOR = ',F5.2)

 2570 FORMAT(/1X,'-----MISCELLANEOUS PARAMETERS'//T10,'PARM',9X,'SCRP1I'&

      ,4X,'SCRP2I',4X,'SCRP1C',7X,'SCRP2C')

 2590 FORMAT(/T10,'IRRIGATION WATER APPLIED'/6X,'Y M D',2X,'VOL(mm)',&

      3X,'HUSC')

 2950 FORMAT(//1X,'-----WIND EROSION DATA')

 2960 FORMAT(T10,'FIELD LENGTH = ',F6.2,' km'/T10,'FIELD WIDTH = ',F6.2,&

      ' km'/T10,'FIELD ANGLE = ',F4.0,' deg'/T10,'WIND SPEED MOD EXP P&

      OWER PARM = ',F5.2/T10,'ACCELERATED WIND EROSION FACTOR = ',F7.3)

 3000 FORMAT(T10,'SOIL ALBEDO = ',F5.2/T10,'MAX NUMBER SOIL LAYERS = ',&

      I3/T10,'MIN THICKNESS FOR LAYER SPLITTING = ',F5.2,' m'/T10,&

      'MIN PROFILE THICKNESS--STOPS SIMULATION = ',F5.2,' m'/T10,&

      'SPLITTING PRIORITY THICKNESS = ',F5.2,' m'/T10,'BIOMASS/ORG C = '&

      ,F6.3/T10,'PASSIVE HUMUS/TOTAL HUMUS = ',F6.3/T10,'WEATHERING CODE&

       = ',F4.0/T10,'ORG C IN TOP .2 M = ',F6.3,' %'/T10,'CULT HISTORY =&

       ',F5.0,' Y')

 3001 FORMAT(T10,'WATER TABLE'/T15,'ANTECEDENT PERIOD FOR RF & PET &

      ACCOUNTING = ',I4,' d'/T15,'DEPTH(m)'/T15,'MIN= ',F6.2/T15,'MAX = ',&

      F6.2,/T15,'INITIAL = ',F6.2)

 3010 FORMAT(1X,A4,12F9.2,11X,A4)

 3030 FORMAT(//I5,6(2X,A4,E12.4)/(5X,6(2X,A4,E12.4)))

 3050 FORMAT(/1X,'-----AVE MO VALUES')

 3060 FORMAT(8X,A8,8F8.2/(10F8.3))

 3070 FORMAT(/1X,'-----GENERATOR SEEDS AFTER',I3,' CYCLES'/(5X,13I12))

 3090 FORMAT(20A4)          

 3100 FORMAT(20I4)            

 3110 FORMAT(T10,'SIMULATION DURATION = ',I4,' Y'/T10,'BEGINNING DATE =&

      ',I4,2I2)

 3111 FORMAT(20F8.0)

 3112 FORMAT(10F12.0)       

 3113  FORMAT(20F8.2)

 3114 FORMAT(10F8.2)

 3120 FORMAT(10F8.0)

 3121 FORMAT(4X,I8,1X,I8,5F9.2,F9.4,F9.3,F9.4,F9.1,4F9.3,2F9.0,2F9.1,&

      F9.2,2F9.3,F9.2,F9.1,1X,A20,1X,A20,1X,I4,F9.3,1X,A80)

 3122 FORMAT(4X,I8,1X,I8,F9.2,F9.0,2F9.2,F9.4,2F9.2,F9.3,F9.4,F9.3,F9.1,&

      F9.2,F9.4)

 3123 FORMAT(4X,I8,1X,I8,2F9.1,F9.0,F9.1,F9.0,F9.2,3F9.0,F9.3,F9.0)

 3140 FORMAT(T15,'RUNOFF RATIO = ',F6.3)

 3191 FORMAT(12F6.0)      

 3200 FORMAT(1X,A4,13F9.0,2X,A4)

 3280 FORMAT(35X,'SIM DUR=',I4,' YR'/T11,'JAN',6X,'FEB',6X,'MAR',6X,&

      'APR',6X,'MAY',6X,'JUN',6X,'JUL',6X,'AUG',6X,'SEP',6X,'OCT',6X,&

      'NOV',6X,'DEC',6X,' YR')

 3281 FORMAT(35X,'SIM DUR=',I4,' YR'/T11,'JAN',9X,'FEB',9X,'MAR',9X,&

      'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,&

      'NOV',9X,'DEC',9X,' YR')

 3282 FORMAT(9X,'SUBAREA'/8X,'#',6X,'ID',3X,'YR',1X,'YR#',T35,'JAN',10X,&

      'FEB',10X,'MAR',10X,'APR',10X,'MAY',10X,'JUN',10X,'JUL',10X,'AUG',&

      10X,'SEP',10X,'OCT',10X,'NOV',10X,'DEC',10X,'YR')

 3283 FORMAT(T34,'RFV',9X,'Q',7X,'SSF',7X,'YSD',17X,12(6X,A4)&

      /6X,'SA#',6X,'ID',3X,'Y',3X,'M',2X,'D',4X,'|------------(mm)------&

      ------|',2X,'(t/ha)',4X,'PSTN',8X,'|---------------------------&

      ----------------------------(g/ha)--------------------------------&

      --------------------------|')

 3284 FORMAT(3X,'YR ',21(4X,A4,2X))

 3285 FORMAT(/6X,'SA#',6X,'ID',4X,'Y   M   D  Y# ON# HD#',3X,'OPER',3X,&

      'CROP',2X,'YLDkg/ha',2X,'YSDkg/ha',2X,'HAYkg/ha',2X,'AGPMt/ha',3X,&

      'STLt/ha',3X,'STDt/ha',3X,'CNLVg/g',3X,'CNDDg/g')      

 3286 FORMAT(T52,'AP RATE',3X,'MN',5X,'NH3',6X,'ON',6X,'MP',6X,'OP'/6X,&

      'SA#',6X,'ID',4X,'Y M D  Y# ON# HD#',4X,'FERT',5X,'|--------------&

      ----(kg/ha)--------------------|')

 3287 FORMAT(/5X,'ORDER',1X,'|--SA--|',3X,'DP10'/8X,'#',4X,'#',2X,'ID',&

      3X,'(kg/ha)',5X,'FRACT',5X,'ACCUM')

 3288 FORMAT(4X,'CMD',5X,'IDO',5X,'ID#',3X,'Y   M   D',3X,'QPm3/s',7X,&

      'TPh',7X,'Qmm',5X,'SMQmm',5X,'SMHmm')

 3300 FORMAT(1X,A4,13F9.2,2X,A4)

 3301 FORMAT(1X,A4,13F9.3,2X,A4)

 3302 FORMAT(1X,A4,13E12.4,2X,A4)

 3320 FORMAT(/1X,'-----PEAK FLOW RATE STATS(mm/h)',T70,'UNIT PEAKS(1/h)&

      '/T10,'MAX = ',F9.2,5X,'MEAN = ',F6.2,5X,'ST DV = ',F6.2,5X,'MAX =&

       ',F10.4,5X,'MEAN = ',F9.4,5X,'NO PKS = ',I6)

 3360 FORMAT(T10,'TILE DRAIN DEPTH = ',F5.2,' m'/T10,'DRAIN TIME = ',F5.&

      2,' d'/T10,'DRAINAGE RATE = ',F6.1,' mm/h')

 3370 FORMAT(/T10,'FERTILIZER APPLIED'/T7,'DATE   ID',T32,'WT',3X,'DPTH'&

      ,4X,'|-----------FRACTION OF WT------------|'/6X,'Y M D',2X,'NO',&

      3X,'NAME',6X,'(kg/ha)',2X,'(m)',5X,'MIN N',3X,'NH3',5X,'ORG N',3X,&

      'MIN P',3X,'ORG P',3X,'HUSC')

 3380 FORMAT(3X,I4,2I2,I4,2X,A8,1X,F8.0,7F8.3)

 3381 FORMAT('1'/T5,'APEX1501 ver.20230328',2X,I4,2I2,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

 3390 FORMAT(T10,'COSTS'/T15,'N FERT = ',F5.2,' $/KG'/T15,'P FERT = ',&

      F5.2,' $/KG'/T15,'LIME = ',F5.2,' $/t',/T15,'IRR WATER = ',F5.2,& 

      ' $/mm')

 3440 FORMAT(T2,A4,12F9.1,11X,A4)

 3460 FORMAT(T2,A4,12F9.3,11X,A4)

 3536 FORMAT(T15,'HERD ID=',I3,2X,'NUM=',I15,' HD',2X,'FEED AREA TIME=',&

      F6.2,' H/D',2X,'GRAZE LIMIT=',F5.2,' t/ha')

 3540 FORMAT(//1X,'____________________GENERAL INFORMATION______________&

      _______'/)

 3620 FORMAT(T15,'MAX ANNUAL VOL APPL TO A CROP = ',F6.0,' mm'/T15,'MIN &

      SINGLE APPL VOL = ',F6.0,' mm'/T15,'MAX SINGLE APPL VOL = ',F6.0,&

      ' mm')

 3630 FORMAT(T15,'SOIL-WATER TENSION TRIGGER = ',F5.0,' KPA'/T15,'MIN AP&

      PL INTERVAL = ',I3,' d')

 3650 FORMAT(/T10,'__________RAIN,',2(1X,A4,','),' ARE INPUT__________')

 3660 FORMAT(/T10,'__________RAIN,',3(1X,A4,','),' ARE INPUT__________')

 3670 FORMAT(/T10,'__________RAIN,',4(1X,A4,','),' ARE INPUT__________')     

 3680 FORMAT(T15,'PLANT WATER STRESS TRIGGER = ',F5.2/T15,'MIN APPL INT&

      ERVAL = ',I3,' d')

 3730 FORMAT(T10,'LATITUDE = ',F7.2,' deg'/T10,'LONGITUDE = ',F7.2,&

      ' deg'/T10,'ELEVATION = ',F7.1,' m')

 3750 FORMAT(T10,'CO2 CONC IN ATMOSPHERE = ',F6.0,' ppm')

 3770 FORMAT(6X,9(1X,A4,1X,E12.4))

 3850 FORMAT(/T10,'PESTICIDES APPLIED'/T26,'RATE',4X,'KILL',4X,'COST'/&

      6X,'Y M D',2X,'NAME',6X,A7,3X,'EFF',4X,'($/KG)',3X,'HUSC')

 3860 FORMAT(5X,3I2,2X,A8,4F8.2)

 3880 FORMAT(/10X,A16,3F10.0,F10.2,F10.0,F10.2)                          

 3900 FORMAT(T43,'HALF LIFE(DAYS) WASH OFF',T82,'COST'/T13,'NAME',10X,&

      'SOLUBILITY',6X,'SOIL',3X,'FOLIAGE',2X,'FRACTION',6X,'KOC',5X,'($/&

      kg)')

 3910 FORMAT(/11X,10(2X,A8,2X))

 3920 FORMAT(5X,A4,10F10.0)

 3950 FORMAT(5X,A4,10F10.4)

 3970 FORMAT(T10,'HYDROLOGIC SOIL GROUP = ',A1/T10,'LAND USE NUMBER = ',I3&

      /T10,'RUNOFF CN2 = ',F4.1/T10,'SLP ADJ CN2 = ',F4.1/T10,&

      'PARM(92)_ADJ = ',F4.1/T10,'CN SCRV SCRP(35)= ',2F6.0/T10,&

      'CN CNSC(4)= ',2E13.5)

 3990 FORMAT(11X,'SA'/8X,'#',6X,'ID',4X,'Y   M   D ',13X,'GWST',8X,&

      'GWEL',100(8X,A4))      

 4080 FORMAT(T15,'PAW DEFICIT TRIGGER = ',F5.0,' mm'/T15,'MIN APPL INTE'&

      ,'RVAL = ',I3,' d')

 4081  FORMAT(6X,'SA#',6X,'ID',3X,'YR YR#',60(8X,A4))

 4082 FORMAT(11X,'SA'/8X,'#',6X,'ID',4X,'Y   M   D',6X,'CPNM',100(6X,A4))

 4083 FORMAT(4X,'Y   M   D',100(8X,A4))

 4084 FORMAT(7X,'SA',T31,'RFRA',7X,'QSA',8X,'QI',8X,'EV',8X,'SP',8X,&

      'QO',7X,'RSV',6X,'RSVP',6X,'RSVE',8X,'YI',8X,'YO',7X,'DEP',6X,'RSSA',&

      T220,'SW BY LAYER'/4X,'#',2X,'ID',4X,'Y   M   D',3X,'|----------------&

      --------------------------(M3)------------------------------------------|',&

      1X,'|-----------(t/ha)----------|',4X,'(ha)')

 4085 FORMAT(9X,'SA#',7X,'ID',5X,'WSAha',7X,'CN2',7X,'YW0',2X,'OCPDt/ha',&

      6X,'FSFN',6X,'FSFP',3X,'PRBmm/h',2X,'PRAVmm/h',5X,'TCMNh',3X,&

      'CYAVppm',3X,'CYMXppm',40(5X,A4,1X))

 4087 FORMAT(8X,A2,I8,2X,I8,1X,I8,F12.2,I4,F8.2,F8.3,F8.2,3F8.1,I8,2F8.3&

      ,I8,2F8.3)

 4088 FORMAT(5X,'ENMN=',E13.6,2X,'ENMA=',E13.6,2X,'EON =',E13.6,2X,&

      'ESDN=',E13.6,2X,'ESON=',E13.6,2X,'EUNM=',E13.6/5X,'ENMU=',&

      E13.6,2X,'ENOU=',E13.6)

 4089 FORMAT(5X,'EPML=',E13.6,2X,'EPMA=',E13.6,2X,'EPMS=',E13.6,2X,&

      'EPO =',E13.6,2X,'EFOP=',E13.6,2X,'ESDP=',E13.6/5X,'ESOP=',E13.6,&

      2X,'EUPM=',E13.6,2X,'EPMU=',E13.6,2X,'EPOU=',E13.6)

 4091 FORMAT(6X,'SA#',6X,'ID',3X,'YR',2X,'YR#',1X,'CPNM',4X,'YLDG',6X,&

      'YLDF',6X,'BIOM',8X,'WS',8X,'NS',8X,'PS',8X,'KS',8X,'TS',8X,'AS',&

      8X,'SS',6X,'ZNO3',7X,'ZQP',6X,'AP15',7X,'ZOC',6X,'OCPD',6X,'RSDP',&

      6X,'ARSD',6X,'IRGA',8X,'FN',8X,'FP',6X,'FNMN',6X,'FNMA',7X,'FNO',&

      7X,'FPL',7X,'FPO',6X,'YTHS',6X,'YWTH')

 4094 FORMAT(5X,'ISA = ',I4,2X,'BEGINNING RZSW = ',F10.1,' M3')

 4993 FORMAT(12X,6F11.0)

 5005 FORMAT('AVEAN',I6,I9,I6,50E12.4)	    

 5007 FORMAT(/T10,'LAND USE SUMMARY'/T25,'AREA'/10X,'CROP',5X,'(ha)',4X,&

      'FRACTION',2X,'YLDt/ha')

 5008 FORMAT(10X,A4,F10.1,2F10.3)

 5012 FORMAT(/T10,'WIND DIRECTION SUMMARY'/T15,'N= ',F6.3,2X,'NNE= ',&

      F6.3,2X,'NE= ',F6.3,2X,'ENE= ',F6.3,2X,'E= ',F6.3,2X,'ESE= ',F6.3,&

      2X,'SE= ',F6.3,2X,'SSE= ',F6.3,2X,'S= ',F6.3,2X,'SSW= ',F6.3,2X,&

      'SW= ',F6.3,2X,'WSW= ',F6.3,2X,'W= ',F6.3,2X,'WNW= ',F6.3,2X,&

      'NW= ',F6.3,2X,'NNW= ',F6.3)

 5016 FORMAT(/T10,'DUST DISTRIBUTION SUMMARY'/T15,'SA(#  ID)',2X,&

      'PM10(kg/ha)   FRACTION     ACCUM')

 5017 FORMAT(15X,2I8,3E13.5)

 5018 FORMAT(11X,'TOTAL DP10=',E13.5,' KG',2X,'EM10=',E13.5,' KG')

 5031 FORMAT(10X,A80)

 5034 FORMAT(1X,'RUN NAME  ',' SITE FILE  ','SOIL FILE   ',&

      'MANAGEMENT  ','RUN#IRO# WS#',' YR  RT#',38(4X,A4),4X,'OCPD',4X,&

      ' TOC',4X,'ITOC',4X,'APBC',4X,' TAP',4X,'TNO3',2X,'CROP',4X,&

      ' STD',4X,' STL',4X,' LAI',4X,'YLDG',4X,'YLDF',4X,'BIOM',4X,&

      'YLDN',4X,'YLDP',2X,'CROP',4X,' STD',4X,' STL',4X,' LAI',&

      4X,'YLDG',4X,'YLDF',4X,'BIOM',4X,'YLDN',4X,'YLDP')

      END

      

      

      

      

      






src/modparm.f90

      MODULE PARM

      !IMPLICIT REAL*8 (A-H,O-Z)

      CHARACTER(80)::FCROP,FFERT,FHERD,FMLRN,FOPSC,FPARM,FPEST,&

      FPRNT,FSITE,FSOIL,FSUBA,FTILL,FTR55,FWIND,FWLST,FWPM,SAFILE,&

      SITEFILE

      CHARACTER(80)::FWTH(1000)

	   CHARACTER(4)::TITLE(60),SID(11),HDRP(5),HEDP(13),HEDR(20),HEDC(17)&

      ,HEDS(20)

	   CHARACTER(2)::CMDX(5)

	   CHARACTER(80),DIMENSION(:),ALLOCATABLE::FPSO

	   CHARACTER(20),DIMENSION(:),ALLOCATABLE::TITOP,TITSO

      CHARACTER(16),DIMENSION(:),ALLOCATABLE::PSTN

      CHARACTER(8),DIMENSION(:),ALLOCATABLE::FTNM,TIL

      CHARACTER(4),DIMENSION(:),ALLOCATABLE::CPNM,HED,HEDH

      INTEGER::IBD,IBDT,ICDP,ICMD,ICO2,ICP,IDA,IDAY,IDIR,IDN1,IDN2,IDNT,&

      IDO,IERT,IET,IGC,IGN,IGSD,IHAY,IHD,IHRD,IHV,IHUS,IHY,III,IKAT,IMON,&

      INFL,INP,IOF,IOW,IOX,IPAT,IPC,IPCD,IPD,IPF,IPL,IPRK,IPY,IPYI,IREM,&

      IRFT,IRGX,IRH,IRUN,ISA,ISAP,ISCN,ISLF,ISL,ISTA,ISW,IT1,IT2,IT3,&

      ITYP,IUN,IWI,IWTB,IY,IYER,IYR,IYR0,IYX,JD0,JDA,JDE,JDHU,JJK,JT1,JT2

      INTEGER::KDA,KF,KI,KP,LBP,KND,LC,LGRZ,LGZ,LND,LNS,LPD,LPYR,LW,MASP,&

      MBS,MCA12,MFT,MHD,MHP,MHX,MHY,MIR,ML1,MNC,MNT,MNUL,MO,MO1,MOW,MPO,&

      MPS,MRO,MSA,MSC,MSCP,MSL,MXT,MXW,NAQ,NBCL,NBCX,NBDT,NBFX,NBMX,&

      NBON,NBYR,NCMD,NCMO,ND,NDF,NDP,NDRV,NDT,NDVSS,NDWT,NEV,NGN,NGN0,&

      NJC,NKA,NKD,NKS,NKY,NOFL,NOP,NPD,NPRC,NPSO,NRF,NRN0,NRNG,NSH,NSM,&

      MSO,NSNN,NSTP,NSX,NSZ,NYD,NT0,NT1,NTV,NUPC,NWP,NWTH

      INTEGER::KDT1(800),KDC1(1500),KDF1(1200),KDP1(1000),KA(100),&

      NXP(90),KR(60),KDT2(50),KD(40),KY(40),KDP(50),NHC(27),KS(20),&

      NWDR(16),NC(13),IAD(10),ICMO(10),NWPD(10),NDC(11),JX(7),KGN(5),&

      JC(4)     

	   INTEGER,DIMENSION(:),ALLOCATABLE::IAC,IAMF,IAPL,IAUF,IAUI,IAUL,&

      IBSA,ICUS,IDFH,IDG,IDNB,IDNF,IDOA,IDON,IDOR,IDR,IDRL,IDRO,IDS,IEXT,&

      IFA,IFD,IFLS,IGO,IGZ,IHDM,IHX,ILQF,IMW,IPMP,IPSF,IPSO,IPST,IPTS,&

      IRF,IRI,IRO,IRP,IRR,IRRS,IRRW,ISAL,ISAO,ISAS,ISCP,ISPF,IX,IX0,JBG,&

      JCN,JCN0,JCN1,JD,JSA,KC,KFL,KP1,KPSN,KT,KTF,KTMX,KTT,KW,LM,LRD,LUN,&

      LUNS,NBSL,NBW,NDFA,NFED,NHRD,NII,NISA,NPSF,NRO,NSAL,NSAO,NSAS,NTP,&

      NVCN,NBE,NBT,IHC,ICDT,IDC,IDN1T,IDN2T,IDOT,IIR,ISG,IWTH,JPC,KDC,&

      KDF,KIR,KPC,MASA,MXSR,NBCF,NBCT,NBFF,NBFT,NBSA,NHY,NIR,NMW,NPC,&

      NQRB,NTX,NWDA,KRST	

      INTEGER,DIMENSION(:,:),ALLOCATABLE::IDF0,IDFA,IDFD,IDFT,IDMU,IDOW,&

      IDSL,IDSS,IFED,IGZO,IGZX,IHBS,IHRL,IHT,IHU,IYH,IYHO,JE,JP,JPL,&

      KGO,KOMP,LGIR,LID,LORG,NCOW,NCP,NCR,NFRT,NGD,NGZ,NGZA,NHBS,NHU,&

      NPST,NTL,NYHO,NYLN

      INTEGER,DIMENSION(:,:,:),ALLOCATABLE::IHDT,ITL,JH,KDT,LFT,LPC,LT,&

      LY,LYR,NBSX,NGIX

      REAL::ACW,ADEO,ADHY,ADRF,AEPT,AET,AFN,AGP,AHSM,AJWA,ALG,ALMN,ALTC,&

      AL5,AMPX,ANG,AMSR,AVT,BETA,BRNG,BS1,BS2,BXCT,&

      BYCT,CBVT,CLF,CLT,CMM,CMS,CN,CNO3I,COIR,COL,CON,COP,CO2,COS1,CPH0,&

      CPV0,CPVV,CQNI,CRLNC,CRUNC,CSFX,CSLT,D150,DAYL,DD,DEMR,DN2O,DRSW

      REAL::DRTO,DTG,DTHY,DUR,DURG,DVOL,DZ10,DZDN,EI,ELEV,EO,ERTN,ERTO,&

      ERTP,ES,EXNN,EXPK,FL,FRSD,FULP,FW,GWBX,GX,HGX,HMN,HRLT,HR1,PB,PI2,&

      PIT,PMOEO,PMORF,PRFF,PSTX,QAPY,QPQ,QRB,QSFN,QSFP,QTH,RAMX,REP,RFNC,&

      RFRA,RGIN,RGRF,RHCF,RHM,RHP,RHS,RM,RMNR,RMX0

      REAL::RNO3,RRF,RTP,RUNT,RWO,SAET,SALF,SAT,SBAL,SCN,SCN2,SDEG,&

      SDEP,SDN,SDRF,SEP,SGMN,SHRL,SK,SML,SMNR,SMP,SN,SN2,SN2O,SNA15,&

      SNA30,SNIT,SNMN,SNN15,SNN30,SNOF,SNPKT,SOFU,SP,SPRC,SPRF,SRPM,&

      SSFK,SSFN,SSST,STND,SUK,SUN,SUP,SVOL

      REAL::SW15,SW30,SX,SYMU,SYW,TA,TDEG,TDEP,TEVP,TEV1,THW,TLA,&

      TMAF,TMAP,TMPD,TPRK,TPSP,TREV,TRFR,TRSP,TSAE,TSFS,TX,TXXM,UK2,UKM,&

      UNM,UNR,UN2,UPM,UPR,UP2,USTRT,USTT,USTW,UX,UXP,VGF,VMU,VPD,&

      V1,V3,V56,V57,WAGE,WB,WBMX,WCF,WCYD,WDN,WFX,WIM,WIP,WKA,WKMNH3,&

      WKMNO2,WKMNO3,WMP,WNCMAX,WNCMIN,WTN,XCS,XDA,XDA1,XET,XK1,XK2,XKN1,&

      XKN3,XKN5,XKP1,XKP2,XSA,XSL,YCS,YERO,YEW,YEWN,YLAT,YLAZ,YLN,YLP,&

      YSL,YWKS,ZF,ZMIX,ZQT      

      REAL::XTP(100),XYP(100),PRMT(110),SCLM(38),SCMN(30),SRNG(30),&

      SMYR(21),VARS(20),RNCF(12),TAV(12),TMNF(12),TMXF(12),UAV0(12),&

      UAVM(12),AWXP(10),RFSG(10),SMSO(9),OPV(7),SMSW(6),PSZ(5),PSZX(5),&

      PSZY(5),WX(3),XAV(3),XDV(3),XIM(3),XRG(3)

	   REAL::SMMR(21,12),SMR(21,12),DIR(12,16),OBMN(10,12),&

	   OBMNX(10,12),OBMX(10,12),OBSL(10,12),PCF(10,12),RH(10,12),SDTMN(10,12),&

	   SDTMX(10,12),WFT(10,12),WI(10,12),SCRP(35,2)

	   REAL::CQRB(8,17,4),RST(3,10,12),PRW(2,10,12)

	   REAL,DIMENSION(:),ALLOCATABLE::ABD,AEP,AFLG,AGPM,ALGI,ALQ,ALT,ARMN,&

      ARMX,ARSD,BA1,BA2,BCOF,BCV,BFFL,BFSN,BFT,BGWS,BIG,BIR,BR1,BR2,&

      BRSV,BSALA,BSNO,BSW,BTC,BTCX,BTK,BTCZ,BTN,BTNX,BTNZ,BTP,BTPX,BTPZ,&

      BV1,BV2,BVIR,CAF,CAP,CFNP,CHL,CHMX,CHN,CHS,CHXA,CHXP,CKY,CLG,CN0,&

      CN2,CNLV,CNSX,CNY,COOP,CSTS,COST,COTL,COWW,CPMX,CPVH,CPY,CST1,CV,&

      CVF,CVP,CVRS,CYAV,CYMX,CYSD,DALG,DDLG,DDM,DEPC,DHT,DKH,DKI,DKHL,&

      DKIN,DLAI,DMLA,DMLX,DPMT,DRAV,DRT,DST0,DWOC,EFI,EFM,EK,EM10,EMX,&

      EP,ERAV,EVRS,EVRT,EXTC,FBAR,FBM,FCMN,FCMP,FCST,FDSF,FDSR,FFC,FFPQ,&

      FGC,FGSL,FHP,FIRG,FK,FLT,FN,FNMA,FNMN,FNO,FOC,FP,FPO,FPF,FPOP,&

      FPSC,FRCP,FSLT,FSFN,FSFP,FTO

      REAL,DIMENSION(:),ALLOCATABLE::FULU,GMA,GMHU,GRDD,GRDL,GRLV,GSI,&

      GWE0,GWEL,GWMX,GWSN,GWST,GZRF,HCLD,HCLN,HE,HI,HLMN,HMO,HMX,HR0,&

      HSM,HYDV,OCPD,OMAP,ORHI,ORSD,OSAA,OWSA,PAW,PCOF,PCST,PDAW,PDPL,&

      PDPL0,PDPLC,PDPLX,PDSKC,PDSW,PEC,PHLF,PHLS,PHUX,PKOC,PKRZ,PLCH,&

      PM10,PMX,PLAX,POPX,PQPS,PRAV,PRB,PRSD,PRYF,PRYG,PSO3,PSOL,PSON,&

      PSOP,PSOQ,PSOY,PSSP,PST,PSTF,PSTM,PSTS,PSZM,PWOF,PYPS,QC,QCAP,QDR,&

      QDRN,QDRP,QGA,QN,QP,QPR,QPU,QRBQ,QRF,QRFN,QRFP,QRP,QRQB,QURB,QVOL,&

      RBMD,RCBW,RCF,RCHC,RCHD,RCHK,RCHL,RCHN,RCHS,RCHX,RCSS,RCTC,RCTW,&

      RDMX,REPI,RFDT,RFPK,RFPL,RFPS,RFPW,RFPX,RFQN,RFTT,RFV,RFV0,RHD,RHT,&

      RHTT,RIN,RINT,RLAD,RLF,RMXS,ROSP,RQRB,RR,RRUF,RSAE,RSAP,RSBD,RSDP,&

      RSEE,RSEP,RSF,RSFN,RSHC,RSK,RSLK,RSO3

      REAL,DIMENSION(:),ALLOCATABLE::RSOC,RSON,RSOP,RSRR,RSSA,RSSF,&

      RSSP,RST0,RSV,RSVB,RSVE,RSVF,RSVP,RSPK,RSYB,RSYF,RSYN,RSYS,RVE0,&

      RVP0,RWSA,RZ,RZSW,S3,SALA,SALB,SAMA,SATK,SCI,SCNX,SDVR,SDW,SHYD,&

      SLF,SLT0,SLTX,SMAS,SMEO,SMFN,SMFU,SMIO,SMKS,SMLA,SMMU,SMNS,SMNU,&

      SMPL,SMPQ,SMPS,SMPY,SMQN,SMRF,SMSS,SMST,SMTS,SMWS,SMX,SMY1,SMY2,&

      SMYN,SNO,SOLQ,SPFD,SPLG,SQC,SQN,SQP,SQVL,SRAD,SRSD,SSFI,SSIN,SSN,&

      SSPS,SST,SSW,ST0,STDO,STDOK,STDON,STDOP,STIR,STKR,STLT,STP,STY,SW,&

      SWLT,SYC,SYN,SYP,TAGP,TBSC,TC,TCAV,TCC,TCMN,TCMX,TCPA,TCPY,TCS,&

      TFLG,THK,TILG,TKR,TLD,TLMF,TMN,TMX,TNOR,TOC,TOPC,TPSF,TRSD,TSFK,&

      TSFN,TSLA,TSMQ,TSMY,TSNO,TVGF,TYK,TYN,TYP,U10,UB1,UK,UN,UOB,UP,&

      UPSX,URBF,USL

      REAL,DIMENSION(:),ALLOCATABLE::UW,VAC,VALF1,VAP,VAQN,VAQP,VARW,&

      VAYN,VAYP,VCHA,VCHB,VFPA,VFPB,VIMX,VIRT,VLG,VLGB,VLGI,VLGM,VLGN,&

      VPD2,VPTH,VPU,VQC,VYC,VRSE,VSK,VSLT,VSSN,WA,WAI,WAVP,WAX,WCY,WDRM,&

      WK,WS,WSA,WSX,WSYF,WTBL,WTMB,WTMN,WTMU,WTMX,WXYF,WYLD,XCT,XDLAI,&

      XHSM,XIDK,XIDS,XMAP,XMTU,XNS,XRFI,YC,YCOU,YCT,YCWN,YLC,YLD,YLS,&

      YLX,YMNU,YN,YNOU,YNWN,YP,YPM,YPOU,YPWN,YTN,YTX,YW,ZBMC,ZBMN,ZCO,&

      ZCOB,ZEK,ZFK,ZFOP,ZHPC,ZHPN,ZHSC,ZHSN,ZLM,ZLMC,ZLMN,ZLS,ZLSC,ZLSL,&

      ZLSLC,ZLSLNC,ZLSN,ZNH3,ZNO3,ZNMU,ZNOA,ZNOS,ZNOU,ZOC,ZON,ZPMA,ZPML,&

      ZPMS,ZPMU,ZPO,ZPOU,ZSK,ZSLT,ZTP        

      REAL,DIMENSION(:,:), ALLOCATABLE::ACO2C,AFP,AN2OC,AO2C,CDG,CGCO2,&

      CGN2O,CGO2,CLCO2,CLN2O,CLO2,DCO2GEN,DN2G,DN2OG,DO2CONS,DPRC,DPRN,&

      DPRO,EAR,FC,HKPC,HKPN,HKPO,S15,SADST,SMEA,SMES,SOT,TPOR,VFC,&

      VO2,VWC,VWP,WBMC,WCO2G,WCO2L,WN2O,WN2OG,WN2OL,WNO2,WNO3,WO2G,WO2L,&

      XN2O,ZC,xgo2,xgco2,xgn2o    ! xgo2,xgco2,xgn2o added by Luca Doro - 20190827

      REAL,DIMENSION(:,:),ALLOCATABLE::ACET,AJH1,AJHI,ALS,ANA,ASW,AWC,&

      CX,BD,BDD,BDM,BDP,BK,BLG,BN,BP,BPT,BWN,CAC,CAW,CBN,CEC,CLA,&

      CNDS,CNRT,CNSC,CNT,CPFH,CPHT,CPRH,CPRV,CTSA,CSTF,DHN,DLAP,DM,DMF,&

      DM1,DRWX,DUMP,ECND,EO5,EQKE,EQKS,ETG,EXCK,FE26,FFED,FIXK,FNMX,FNP,&

      FOP,FRST,FRTK,FRTN,FRTP,GCOW,GWPS,GZLM,GZRT,HCL,HU,HUF,HUI,PCT,&

      PCTH,PFOL,PH,PO,PPCF,PPL0,PPLP,PPX,PSP,QIN,QPST,QSF,RD,RDF,REG,&

      RF5,RNMN,ROK,RSD,RSDM,RSPC,RSPS,RTN,RW,RWPC,RWTZ,SAN,SATC,SCFS,&

      SET,SEV,SIL,SLAI,SLA0,SM,SMB,SMUA,SMH

      REAL,DIMENSION(:,:),ALLOCATABLE::SMYH,SMY,SMYUA,SMYRP,SOLK,SQB,&

      SRA,SRCH,SRD,SRMX,SSF,SSFCO2,SSFN2O,SSFO2,SWST,STD,STDK,STDL,STDN,&

      STDP,STFR,STL,STMP,STX,SULF,SUT,SWH,SWP,SYB,TAMX,TCAW,TCN,TCVF,&

      TDM,TEI,TET,TETG,TFTK,TFTN,TFTP,THRL,THU,TQ,TR,TRA,TRD,TRHT,TSN,&

      TSR,TSY,TXMX,TXMN,TQN,TQP,TQPU,TSPS,TVIR,TYL1,TYL2,TYLK,TYLN,TYLP,&

      TYON,TYTP,TYW,UK1,UNA,UN1,UP1,VAR,VARUA,VARH,VCO2,VGA,VGN,VIR,&

      VN2O,VNO3,VQ,VURN,VY,WAC2,WBMN,WCHT,WCMU,WCOU,WHPC,WHPN,WHSC,WHSN,&

      WKMU,WNH3,WLM,WLMC,WLMN,WLS,WLSC,WLSL,WLSLC,WLSLNC,WLSN,WLV,WNMU,&

      WNOU,WOC,WON,WPMA,WPML,WPMS,WPMU,WPO,WPOU,WSLT,WT,XDLA0,XLAI,XMS,&

      XSP,YHY,YLD1,YLD2,YLKF,YLNF,YLPF,YPST,YSD,Z

      REAL,DIMENSION(:,:,:),ALLOCATABLE::CND,FIRX,HUSC,PHU,POP,PPLA,PSTE,&

      PSTR,PSSF,PSTZ,PVQ,PVY,QHY,QIR,RSTK,RWT,SFCP,SFMO,SMAP,SMM,SMMUA,&

      SMMH,SMMRP,SMRP,SMS,SMYP,SOIL,SOL,STDA,STV,TIR,TSFC,VARC,VARP,&

      VIRR,WFA,WMUCH,XZP

      !SPQ,SPQC,SPY,

	   REAL,DIMENSION(:,:,:,:),ALLOCATABLE::APQ,APQC,APY,AQB,AYB,SMMP,SMMC

      !PADDY MODEL

      REAL,DIMENSION(:),ALLOCATABLE::SUB_D50,PADDY_HWEIR,PADDY_LWEIR,PADDY_HMIN

      REAL,DIMENSION(:,:),ALLOCATABLE::PADDY_STO,PADDY_OUT

      REAL,DIMENSION(:,:,:),ALLOCATABLE::HWEIR,LWEIR,HMIN_IRR

      REAL::PADDY_SED_NORM,PADDY_IRRMM,LAI_INIT



      !Richards method for percolation

      REAL::DTMX,DTMN,TGX                                        

      DOUBLE PRECISION :: XKTR, DAO2TC

      INTEGER::MXLA,IVG,IFLO

      TYPE Layer

        REAL(SELECTED_REAL_KIND(15))::x,dx,hg,Ks,Kx,mn,ths,thr,S,fvwc,vgn,vgm,PRK, SSF,Ksh,Kxh !temp cdj richards lateral added SSF,Ksh,Kxh

        INTEGER::jt

      END TYPE

      TYPE FastRE

        INTEGER::n,nt,ns,nsteps

        Type(Layer),ALLOCATABLE,DIMENSION(:,:)::ILYR

        REAL(SELECTED_REAL_KIND(15))::ti,tf

        REAL(SELECTED_REAL_KIND(15)),DIMENSION(:),ALLOCATABLE::p,h0,qevap,qprec,drn,evap,infil,runoff

      END TYPE

      TYPE (FastRE)::FRE

      REAL,DIMENSION(:,:),ALLOCATABLE::vgSat,vgRes



      INTEGER,PARAMETER::FRK=SELECTED_REAL_KIND(15) ! selected precision

      REAL(FRK),PARAMETER::zero=0.0_frk,half=0.5_frk,one=1.0_frk,two=2.0_frk

      INTEGER,PARAMETER::RKQA=SELECTED_REAL_KIND(15)

      INTEGER,PARAMETER::IKQA=SELECTED_INT_KIND(4)



      ! Landscape Wind erosion variables J Jeong 2020

      CHARACTER(LEN=80)::FLWE

      CHARACTER(LEN=8)::wind_idate

      REAL(KIND=8), DIMENSION(:,:), ALLOCATABLE:: wind_pdf,gap_pdf,ustar_okin_pdf,soil_psd,psd_m,psd_f,ustart_pdf,hflux_pdf,vflux_pdf

      REAL, DIMENSION(2,500):: curday_gap_stor,curday_wind_stor

      REAL,DIMENSION(3,4)::gamma_parms

      INTEGER:: nbinw, nbinvg, LWE_IWND,LWE_IPLT,WND_OP=0,LWE_IHT,LWE_ICOV

      CHARACTER(LEN=20):: soil_type

      CHARACTER(LEN=50):: wind_data_fname,gamma_parm_fname,gap_dist_fname,gap_mean_fname,soil_psd_fname,veg_ht_cover_fname,wind_daily_fname

      REAL:: soil_psd_parm(3,4),min_disp_params(3,4),full_disp_params(3,4)

      REAL:: hflux_total,vflux_total,PLASTP,okin_A,SHAO_11_CY,KAPPA,pdf_factor,okin_ssr0,okin_efold,lwe_z0,max_cangap,ustar_total,ustart_total

      REAL:: umin=0.01, umax=40.0, sand, silt, clay, veg_cover_fraction

      INTEGER:: BINCOUNT=100, PSD_BINCOUNT = 200,nval_wind,nval_gap,LWE_IDAT=19000101

      REAL:: veg_mean_height_stor,veg_cover_fraction_stor, curday_gap_mean_stor,u_avg_stor

      REAL, DIMENSION(:), ALLOCATABLE:: PPLP_MAX

      END 








src/NAJN.f90

      SUBROUTINE NAJN(UU,AN,DMD,SUX,AJF,JNT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES ACTUAL N PLANT UPTAKE FROM EACH

!     LAYER(UPTAKE = MINIMUM OF PLANT DEMAND AND SOIL SUPPLY).

      USE PARM

      DIMENSION UU(MSL),AN(MSC,MSA)

      SUM=0.

      RT=DMD/(SUX+1.E-20)

      ! N DEMAND < ESTIMATED SUPPLY

      IF(JNT==0.AND.RT<=1.)THEN

          DO J=1,LRD(ISA)

              ISL=LID(J,ISA)

              ! REDUCE N UPTAKE TO = DEMAND 

              UU(ISL)=UU(ISL)*RT

              SUM=SUM+UU(ISL)

          END DO

      ELSE

          ! N & P DEMAND > ESTIMATED SUPPLY

          RT=AJF*(DMD-SUX)

          RT1=RT

          ! ADJUST UPTAKE TO = DEMAND IF N & P ARE AVAILABLE

          DO J=1,LRD(ISA)

              ISL=LID(J,ISA)

              XX=UU(ISL)+RT

              IF(XX<AN(ISL,ISA))THEN

                  UU(ISL)=XX

                  SUX=SUX+RT1

                  RETURN

              ELSE    

                  IF(AN(ISL,ISA)>0.)THEN

                      RT=RT-AN(ISL,ISA)+UU(ISL)

                      UU(ISL)=AN(ISL,ISA)

                      SUM=SUM+UU(ISL)

                  ELSE

                      UU(ISL)=0.

                  END IF 

              END IF

          END DO

      END IF    

      SUX=SUM

      RETURN

      END






src/NBL.f90

      SUBROUTINE NBL(BTN,YNI,YNO,QNI,QNO,SSNI,SSNO,DPKN,RN,YNWN,DN,TFO,&

      YLN,VOL,FNMN,FNMA,FX,FTN,GWNX,BURN,SCOU,PSON,ISA,KBL,KW,NBSA,&

      MSO,JRT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE N & P BALANCES AT THE END OF THE

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

	  JRT=0

      DF=BTN+YNI-YNO+QNI-QNO+SSNI-SSNO-DPKN+RN-YNWN-DN-YLN-VOL+FNMN+&

      FNMA-FTN+FX+TFO-BURN-SCOU+PSON

      PER=200.*DF/(FTN+BTN)

	  SELECT CASE(KBL)

          CASE(1)

              ! N BALANCE

              WRITE(KW(1),4)ISA,NBSA(ISA)

              WRITE(KW(1),1)PER,DF,BTN,YNI,YNO,QNI,QNO,SSNI,SSNO,&

              DPKN,RN,YNWN,DN,VOL,BURN,YLN,FX,FNMN,FNMA,TFO,SCOU,&

              PSON,GWNX,FTN

              IF(ABS(PER)>.1)WRITE(KW(36),7)ISA,NBSA(ISA),PER

          CASE(2)

              ! P BALANCE 

              WRITE(KW(1),5)ISA,NBSA(ISA)

              WRITE(KW(1),6)PER,DF,BTN,YNI,YNO,QNI,QNO,DPKN,YNWN,&

              YLN,FNMN,TFO,SCOU,PSON,FTN

              IF(ABS(PER)>1.)WRITE(KW(36),8)ISA,NBSA(ISA),PER

          CASE(3)

              ! K BALANCE

              WRITE(KW(1),2)ISA,NBSA(ISA)  

              WRITE(KW(1),3)PER,DF,BTN,YN,YNWN,QN,PRKN,YLN,FNMN,FTN

      END SELECT

      JRT=1

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'YI  =',E13.6,2X,'YO  =',E13.6,2X,'QI  =',E13.6/5X,'QO  =',E13.6,&

      2X,'SSNI=',E13.6,2X,'SSNO=',E13.6,2X,'DPRK=',E13.6,2X,'RFN =',&

      E13.6,2X,'YWN =',E13.6/5X,'DNIT=',E13.6,2X,'VOL =',E13.6,2X,&

      'BURN=',E13.6,2X,'YLD =',E13.6,2X,'FIX =',E13.6,2X,'FNMN=',E13.6/&

      5X,'FNMA=',E13.6,2X,'FNO =',E13.6,2X,'SNOU=',E13.6,2X,'PSON=',&

      E13.6,2X,'GWSN=',E13.6,2X,'FTOT=',E13.6)

    2 FORMAT(/T10,'K BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'Y   =',E13.6,2X,'YW  =',E13.6,2X,'Q   =',E13.6/5X,'PRK =',E13.6,&

      2X,'YLD =',E13.6,2X,'FSK =',E13.6,2X,'ETOT=',E13.6)

    4 FORMAT(/T10,'N BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8)

    5 FORMAT(/T10,'P BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8)

    6 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'YI  =',E13.6,2X,'YO  =',E13.6,2X,'QI  =',E13.6/5X,'QO  =',E13.6,&

      2X,'PRK =',E13.6,2X,'YWN =',E13.6,2X,'YLD =',E13.6,2X,'FPML=',&

      E13.6,2X,'FPO =',E13.6/5X,'SPOU=',E13.6,2X,'PSOP=',E13.6,2X,&

      'FTOT=',E13.6)

    7 FORMAT(/T10,'N BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,&

      'PER =',E13.6)

    8 FORMAT(/T10,'P BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,&

      'PER =',E13.6)

      END






src/NCBL.f90

      SUBROUTINE NCBL(BC,YCI,YCO,QCI,QCO,YCWN,VBC,RSPC,RSDC,TFOC,BURN,SCOU,&

      FTC,ISA,KW,NBSA,MSO,JRT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE C BALANCE AT THE END OF THE

!     SIMULATION

      DIMENSION NBSA(ISA),KW(MSO)

	  JRT=0

      DF=BC+QCI-QCO+YCI-YCO-YCWN-VBC-RSPC+TFOC+RSDC-BURN-SCOU-FTC

      PER=100.*DF/FTC

      WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),1)PER,DF,BC,QCI,QCO,YCI,YCO,YCWN,VBC,RSPC,RSDC,TFOC,&

      BURN,SCOU,FTC

      BC=FTC

      IF(ABS(PER)>1.)WRITE(KW(36),3)ISA,NBSA(ISA),PER

	  JRT=1

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'QI  =',E13.6,2X,'QO  =',E13.6,2X,'YI  =',E13.6/5X,'YO  =',E13.6,&

      2X,'YWN =',E13.6,2X,'PRK =',E13.6,2X,'RSPC=',E13.6,2X,'RSDC=',&

      E13.6,2X,'TFOC=',E13.6/5X,'BURN=',E13.6,2X,'SCOU=',E13.6,2X,&

      'FTOT=',E13.6) 

    2 FORMAT(/T10,'C BALANCE(t)',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(/T10,'C BALANCE(t)',2X,'SA#= ',I8,1X,'ID= ',I8,1X,'PER =',&

      E13.6)

      END






src/NCCONC.f90

      SUBROUTINE NCCONC

      ! APEX1501

      !	THIS SUBROUTINE CALCULATES GAS CONCENTRATIONS IN LIQUID AND 

      !	AIR PHASES

      USE PARM

	  DO J=1,NBCL

	      ! CLO2=CONC GAS IN LIQ PHASE (G/M3 WATER)

          CLO2(J,ISA)=AO2C(J,ISA)/(AFP(J,ISA)*HKPO(J,ISA)+VWC(J,ISA))   

          ! CGO2=CONC GAS IN GAS PHASE (G/M3 AIR)

          CGO2(J,ISA)=AO2C(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPO(J,ISA)-1.))

          ! CLCO2=CONC GAS IN LIQ PHASE

          CLCO2(J,ISA)=ACO2C(J,ISA)/(AFP(J,ISA)*HKPC(J,ISA)+VWC(J,ISA))   

          ! CGCO2=CONC GAS IN GAS PHASE

          CGCO2(J,ISA)=ACO2C(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPC(J,ISA)-1.))

          ! CLN2O=CONC GAS IN LIQ PHASE

	      CLN2O(J,ISA)=AN2OC(J,ISA)/(AFP(J,ISA)*HKPN(J,ISA)+VWC(J,ISA)) 

          ! CGN2O=CONC GAS IN GAS PHASE

          CGN2O(J,ISA)=AN2OC(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPN(J,ISA)-1.))

      END DO

      RETURN

      END






src/NCNMI_CENTURY.f90

      SUBROUTINE NCNMI_CENTURY(Z5,CS,RTOE)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION AND IMMOBILIZATION OF N

!     AND C USING EQUATIONS TAKEN FROM CENTURY.

      USE PARM

      AD1=WLSC(ISL,ISA)+WLMC(ISL,ISA)+WBMC(ISL,ISA)+WHSC(ISL,ISA)+WHPC(ISL,ISA)

      !AD1=WNO3(ISL,ISA)+WNH3(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+WNOU&

      !(ISL,ISA)+WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)

      LD1=LID(1,ISA)

      XU=WLM(ISL,ISA)+WLS(ISL,ISA)

      XZ=WNO3(ISL,ISA)+WNH3(ISL,ISA)

      XY=WLSN(ISL,ISA)+WLMN(ISL,ISA)

      ZZ=WLSC(ISL,ISA)+WLMC(ISL,ISA)

      XHN=WHSN(ISL,ISA)+WHPN(ISL,ISA)

      RLR=MAX(.1,MIN(.8,WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)))

      IF(IOX==0)THEN

          X2=Z5

          IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

          OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

      ELSE

          Y1=.1*WOC(ISL,ISA)/WT(ISL,ISA)

          Y2=2.11+.0375*CLA(ISL,ISA)

          Y3=100.*Y1/Y2

          IF(SCLM(25)>0.)Y3=MIN(Y3,SCLM(25))

          OX=Y3/(Y3+EXP(SCRP(25,1)-SCRP(25,2)*Y3))            

      END IF

      IF(IDNT>2)OX=OX*RTOE   

      X2=PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))

      IF(X2>3.)THEN

          X1=20.

      ELSE

          X1=EXP(X2)

      END IF

      SMS(4,ISL,ISA)=SMS(4,ISL,ISA)+X1

      CS=MIN(10.,SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*PRMT(70)*OX*X1)

      SMS(11,ISL,ISA)=SMS(11,ISL,ISA)+1.

      SMS(1,ISL,ISA)=SMS(1,ISL,ISA)+SUT(ISL,ISA)

      APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)*(1.+RSDM(LD1,ISA))

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

    !     COMPUTE N/C RATIOS

          X1=.1*(WLMN(LD1,ISA)+WLSN(LD1,ISA))/(RSD(LD1,ISA)+1.E-5)

          IF(X1>2.)THEN

              BMNC=.1

          ELSE

              IF(X1>.01)THEN

                  BMNC=1./(20.05-5.0251*X1)

              ELSE

                  BMNC=.05

              END IF

          END IF

          HSNC=BMNC/(5.*BMNC+1.)

          GO TO 2

      END IF

      ABCO2=.17+.0068*SAN(ISL,ISA)

      A1CO2=.55

      RBM=.02

      RLM=.0507

      RLS=.0132

      XBM=.25+.0075*SAN(ISL,ISA)

      X1=1000.*(WNH3(ISL,ISA)+WNO3(ISL,ISA))/WT(ISL,ISA)

      IF(X1>7.15)THEN

          BMNC=.33

          HSNC=.083

          HPNC=.143

      ELSE

          BMNC=1./(15.-1.678*X1)

          HSNC=1./(20.-1.119*X1)

          HPNC=1./(10.-.42*X1)

      END IF          

    2 ABP=.003+.00032*CLA(ISL,ISA)

      SMS(3,ISL,ISA)=SMS(3,ISL,ISA)+CS

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

!     POTENTIAL TRANSFORMATIONS STRUCTURAL LITTER

      X1=RLS*CS*EXP(-3.*RLR)

      TLSCP=X1*WLSC(ISL,ISA)

      TLSLCP=TLSCP*RLR

      TLSLNCP=TLSCP*(1.-RLR)

      TLSNP=X1*WLSN(ISL,ISA)

!     POTENTIAL TRANSFORMATIONS METABOLIC LITTER

      X1=RLM*CS

      TLMCP=WLMC(ISL,ISA)*X1

      TLMNP=WLMN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS MICROBIAL BIOMASS

      X1=RBM*CS*XBM

      TBMCP=WBMC(ISL,ISA)*X1

      TBMNP=WBMN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS SLOW HUMUS

      X1=RHS*CS

      THSCP=WHSC(ISL,ISA)*X1

      THSNP=WHSN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS PASSIVE HUMUS

      X1=CS*RHP

      THPCP=WHPC(ISL,ISA)*X1

      THPNP=WHPN(ISL,ISA)*X1

!     ESTIMATE N DEMAND

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      PN1=TLSLNCP*A1*BMNC

      PN2=.7*TLSLCP*HSNC

      PN3=TLMCP*A1*BMNC

      PN5=TBMCP*ABP*HPNC

      PN6=TBMCP*(1.-ABP-ABCO2)*HSNC

      PN7=THSCP*ASX*BMNC

      PN8=THSCP*ASP*HPNC

      PN9=THPCP*APX*BMNC

!     COMPARE SUPPLY AND DEMAND FOR N

      SUM=0.

      CPN1=0.

      CPN2=0.

      CPN3=0.

      CPN4=0.

      CPN5=0.

      X1=PN1+PN2

      IF(TLSNP<X1)THEN

          CPN1=X1-TLSNP

      ELSE

          SUM=SUM+TLSNP-X1

      END IF    

      IF(TLMNP<PN3)THEN

          CPN2=PN3-TLMNP

      ELSE

          SUM=SUM+TLMNP-PN3

      END IF    

      X1=PN5+PN6

      IF(TBMNP<X1)THEN

          CPN3=X1-TBMNP

      ELSE

          SUM=SUM+TBMNP-X1

      END IF

      X1=PN7+PN8

      IF(THSNP<X1)THEN

          CPN4=X1-THSNP

      ELSE

          SUM=SUM+THSNP-X1

      END IF

      IF(THPNP<PN9)THEN

          CPN5=PN9-THPNP

      ELSE

          SUM=SUM+THPNP-PN9

      END IF

      WMIN=MAX(1.E-5,WNO3(ISL,ISA)+SUM)

      DMDN=CPN1+CPN2+CPN3+CPN4+CPN5

      X3=1.

!     REDUCE DEMAND IF SUPPLY LIMITS

      IF(WMIN<DMDN)X3=WMIN/DMDN

      SMS(5,ISL,ISA)=SMS(5,ISL,ISA)+X3

!     ACTUAL TRANSFORMATIONS

      TLSCA=TLSCP*X3

      TLSLCA=TLSLCP*X3

      TLSLNCA=TLSLNCP*X3

      TLSNA=TLSNP*X3

      TLMCA=TLMCP*X3

      TLMNA=TLMNP*X3

      TBMCA=TBMCP*X3

      TBMNA=TBMNP*X3

      THSCA=THSCP*X3

      THSNA=THSNP*X3

      THPCA=THPCP*X3

      THPNA=THPNP*X3

      SGMN=SGMN+SUM

      RNMN(ISL,ISA)=SUM-DMDN

!     UPDATE

      IF(RNMN(ISL,ISA)>0.)THEN

          X1=PRMT(73)*RNMN(ISL,ISA)

          WNH3(ISL,ISA)=WNH3(ISL,ISA)+X1

          WNO3(ISL,ISA)=WNO3(ISL,ISA)+RNMN(ISL,ISA)-X1

      ELSE

	      X1=WNO3(ISL,ISA)+RNMN(ISL,ISA)

	      IF(X1>0.)THEN

	          WNO3(ISL,ISA)=X1

	      ELSE

	          RNMN(ISL,ISA)=-WNO3(ISL,ISA)

	          WNO3(ISL,ISA)=1.E-10

	      END IF

      END IF

      DF1=TLSNA

      DF2=TLMNA

      SNMN=SNMN+RNMN(ISL,ISA)

	  SMS(9,ISL,ISA)=SMS(9,ISL,ISA)+RNMN(ISL,ISA)

	  IF(TLSCA>WLSC(ISL,ISA))TLSCA=WLSC(ISL,ISA)

      WLSC(ISL,ISA)=MAX(1.E-10,WLSC(ISL,ISA)-TLSCA)

      WLSLC(ISL,ISA)=MAX(1.E-10,WLSLC(ISL,ISA)-TLSLCA)

	  IF(TLSLCA>WLSLC(ISL,ISA))TLSLCA=WLSLC(ISL,ISA)

      WLSLNC(ISL,ISA)=MAX(1.E-10,WLSC(ISL,ISA)-WLSLC(ISL,ISA))

      WLMC(ISL,ISA)=MAX(1.E-10,WLMC(ISL,ISA)-TLMCA)

	  IF(TLMCA>WLMC(ISL,ISA))TLMCA=WLMC(ISL,ISA)

	  WLM(ISL,ISA)=MAX(1.E-10,WLM(ISL,ISA)-TLMCA/.42)

      WLSL(ISL,ISA)=MAX(1.E-10,WLSL(ISL,ISA)-TLSLCA/.42)

      WLS(ISL,ISA)=MAX(1.E-10,WLS(ISL,ISA)-TLSCA/.42)

      X3=APX*THPCA+ASX*THSCA+A1*(TLMCA+TLSLNCA)

      WBMC(ISL,ISA)=MAX(1.E-10,WBMC(ISL,ISA)-TBMCA+X3)

      WCMU(ISL,ISA)=MAX(1.E-10,WCMU(ISL,ISA)-TBMCA+X3)

      DF3=TBMNA-BMNC*X3

      X1=.7*TLSLCA+TBMCA*(1.-ABP-ABCO2)

      WHSC(ISL,ISA)=MAX(1.E-10,WHSC(ISL,ISA)-THSCA+X1)

      DF4=THSNA-HSNC*X1

      X1=THSCA*ASP+TBMCA*ABP

      WHPC(ISL,ISA)=MAX(1.E-10,WHPC(ISL,ISA)-THPCA+X1)

      DF5=THPNA-HPNC*X1

      DF6=XZ-WNO3(ISL,ISA)-WNH3(ISL,ISA)

      SMS(10,ISL,ISA)=SMS(10,ISL,ISA)-DF6

      ADD=DF1+DF2+DF3+DF4+DF5+DF6

      ADF1=ABS(DF1)

      ADF2=ABS(DF2)

      ADF3=ABS(DF3)

      ADF4=ABS(DF4)

      ADF5=ABS(DF5)

      TOT=ADF1+ADF2+ADF3+ADF4+ADF5

      XX=ADD/(TOT+1.E-10)

      WLSN(ISL,ISA)=MAX(.001,WLSN(ISL,ISA)-DF1+XX*ADF1)

      WLMN(ISL,ISA)=MAX(.001,WLMN(ISL,ISA)-DF2+XX*ADF2)

      WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-DF3+XX*ADF3)

      WHSN(ISL,ISA)=MAX(1.E-10,WHSN(ISL,ISA)-DF4+XX*ADF4)

      WHPN(ISL,ISA)=MAX(1.E-10,WHPN(ISL,ISA)-DF5+XX*ADF5)

      RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*&

      THSCA+APCO2*THPCA)

      X2=RSPC(ISL,ISA)*WSA(ISA)

      SMM(74,MO,ISA)=SMM(74,MO,ISA)+X2

      SMS(8,ISL,ISA)=SMS(8,ISL,ISA)+RSPC(ISL,ISA)

      TRSP=TRSP+RSPC(ISL,ISA)

      VAR(74,ISA)=VAR(74,ISA)+X2

      X1=WLS(ISL,ISA)+WLM(ISL,ISA)

      RSD(ISL,ISA)=.001*X1

	  VAR(103,ISA)=.001*(XU-X1)

	  !IF(RSDM(ISL,ISA)<VAR(103,ISA))VAR(103,ISA)=RSDM(ISL,ISA)

      SMM(103,MO,ISA)=SMM(103,MO,ISA)+VAR(103,ISA)

      X1=MIN(CS,.1)

      XX=RSDM(ISL,ISA)*X1

      RSDM(ISL,ISA)=MAX(1.E-10,RSDM(ISL,ISA)-XX)

      XX=WNOU(ISL,ISA)*X1

      WNOU(ISL,ISA)=MAX(1.E-10,WNOU(ISL,ISA)-XX)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+XX

      IF(IDFH(ISA)>0)THEN

          SMMU(ISA)=SMMU(ISA)+VAR(103,ISA)

!         SLAP=SLAP+VAR(103,ISA)

      END IF

      WCOU(ISL,ISA)=MAX(0.,WCOU(ISL,ISA)+WLSC(ISL,ISA)+WLMC(ISL,ISA)-ZZ)

      XX=XY-WLSN(ISL,ISA)-WLMN(ISL,ISA)

      DHN(ISL,ISA)=MAX(1.E-10,XHN-WHSN(ISL,ISA)-WHPN(ISL,ISA))

      AD2=WLSC(ISL,ISA)+WLMC(ISL,ISA)+WBMC(ISL,ISA)+WHSC(ISL,ISA)+WHPC(ISL,ISA)

      !AD2=WNO3(ISL,ISA)+WNH3(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+WNOU&

      !(ISL,ISA)+WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)

      DF=AD1-AD2-RSPC(ISL,ISA)

      IF(ABS(DF)>.1)WRITE(KW(1),'(A,4I4,20E16.6)')'#####',IY,MO,KDA,ISL,&

      AD1,AD2,RSPC(ISL,ISA),DF

      RETURN

      END






src/NCNMI_PHOENIX.f90

      SUBROUTINE NCNMI_PHOENIX(Z5,CS,RTOE)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION AND IMMOBILIZATION OF N

!     AND C USING POOLS FOLLOWING CENTURY (IZAURRALDE ET AL. 2006) 

!     & C/N OF MICROBIAL BIOMASS FOLLOWING PHOENIX (MCGILL ET AL. 1981)

      USE PARM

      DATA SDF/0./

      ! WNO2 (ISL,ISA) added by WBM 2012-11-05

      LD1=LID(1,ISA)

      !XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

      RLR=WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)

      IF(RLR>.8)THEN

          RLR=.8

      ELSE

          IF(RLR<.1)RLR=.1

      END IF    

	  AD1=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,ISA)+WLSC(ISL,ISA)

      XHN=WHSN(ISL,ISA)+WHPN(ISL,ISA)

	  IF(BD(ISL,ISA)>BDP(ISL,ISA))THEN

	      X1=MIN(20.,EXP(PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))))

	  ELSE

	      X1=1.

	  END IF

      SMS(4,ISL,ISA)=SMS(4,ISL,ISA)+X1

      SELECT CASE(IOX)

          CASE(0)

              X2=Z5

              IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

              OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

          CASE(1)

	          Y1=.1*WOC(ISL,ISA)/WT(ISL,ISA)

	          Y2=2.11+.0375*CLA(ISL,ISA)

	          Y3=100.*Y1/Y2

              IF(SCLM(25)>0.)Y3=MIN(Y3,SCLM(25))

	          OX=Y3/(Y3+EXP(SCRP(25,1)-SCRP(25,2)*Y3))

          CASE(2)

              IF(CGO2(LD1,ISA)>0.)OX=CGO2(ISL,ISA)/CGO2(LD1,ISA)

      END SELECT

      IF(IDNT>2)OX=OX*RTOE   

      CS=MIN(10.,SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*PRMT(70)*OX*X1) !calculation of CS !cdj comment

      SMS(11,ISL,ISA)=SMS(11,ISL,ISA)+1.

      SMS(1,ISL,ISA)=SMS(1,ISL,ISA)+SUT(ISL,ISA)

      APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

          ELSE

      ABCO2=.17+.0068*SAN(ISL,ISA)

      A1CO2=.55

      RBM=.02

      RLM=.0507

      RLS=.0132

      XBM=.25+.0075*SAN(ISL,ISA)

          HPNC=WHPN(ISL,ISA)/WHPC(ISL,ISA) 

      END IF          

      BMNC=WBMN(ISL,ISA)/WBMC(ISL,ISA)

      HSNC=WHSN(ISL,ISA)/WHSC(ISL,ISA)

      XLMNC=WLMN(ISL,ISA)/WLMC(ISL,ISA)

      XLSNC=WLSN(ISL,ISA)/WLSC(ISL,ISA)

      ABP=.003+.00032*CLA(ISL,ISA)

      SMS(3,ISL,ISA)=SMS(3,ISL,ISA)+CS

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      ! TRANSFORMATION OF STRUCTURAL LITTER WBM 2012-11-14

      ! CR = scaling factor for decomposition (0 - 1) based BMNC and &

      ! ratio of NC-substrate/Yield.

      CRX=1.-(CRUNC-BMNC)/(CRUNC-CRLNC)

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      X2=1.-RLR

      IF((WLSN(ISL,ISA)/(WLSC(ISL,ISA)*X2))/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      TLSCA=RLS*CS*CR*EXP(-3.*RLR)*WLSC(ISL,ISA)

      TLSLNCA=TLSCA*X2

      TLSLCA=TLSCA*RLR

      TLSNA=TLSCA*XLSNC

      ! TRANSFORMATIONS METABOLIC LITTER; SIX LINES BELOW ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(XLMNC/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      TLMCA=WLMC(ISL,ISA)*RLM*CS*CR

      TLMNA=TLMCA*XLMNC

      ! TRANSFORMATIONS MICROBIAL BIOMASS; NEXT SIX LINES ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(BMNC/(1.-ABCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      TBMCA=WBMC(ISL,ISA)*RBM*CS*CR*XBM

      TBMNA=TBMCA*BMNC

      ! TRANSFORMATION OF SLOW HUMUS; NEXT SIX LINES ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HSNC/(1.-ASCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      THSCA=WHSC(ISL,ISA)*RHS*CS*CR

      THSNA=THSCA*HSNC

      ! TRANSFORMATIONS OF PASSIVE HUMUS; NEXT SIX LINES ADDED WBM 2012-11-14

      IF(ISL/=LD1)THEN

          CR=0.

          IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

          IF(HPNC/APX>BMNC.OR.BMNC>CRUNC)CR=1.

          THPCA=WHPC(ISL,ISA)*CS*CR*RHP

          THPNA=THPCA*HPNC

          ! MINERALIZATION AND IMMOBILIZATION (32 LINES) ADDED WBM 2012-11-14

          ! CA = AMMONIFICATION RATE SCALING FACTOR BASED ON BMNC (0 - 1)

          ! CU = IMMOPBILIZATION (UPTAKE) RATE SCALING FACTOR BASED ON BMNC (0 - 1)

          ! WKA = SPECIFIC BASE RATE FOR AMMONIFICATION (d-1)

          ! WNCMIN = BMNC AT WHICH IMMOBILIZATION IS A MAXIMUM; BMNC AT WHICH AMMONIFICATION CEASES

          ! WNCMAX = BMNC AT WHICH IMMOBILIZATION CEASES; BMNC AT WHICH AMMONIFICATION IS A MAXIMUM

          ! VMU = MAXIMUM RATE OF UPTAKE OF N DURING IMMOBILIZATION (gN (gC-1) d-1)

          ! WKMNH3 = HALF SATURATION CONSTANT FOR AMMONIA IMMOBILIZATION (mg N L-1)

          ! WKMNO2 = HALF SATURATION CONSTANT FOR NITRITE IMMOBILIZATION (mg N L-1)

          ! WKMNO3 = HALF SATURATION CONSTANT FOR NITRATE IMMOBILIZATION (mg N L-1)

      END IF

      XSF=(BMNC-WNCMIN)/(WNCMAX-WNCMIN)

      CA=0.

      IF(BMNC>WNCMIN.AND.BMNC<WNCMAX)CA=XSF

      IF(BMNC>WNCMAX)CA=1.

      CU=.001

      IF(BMNC>WNCMIN.AND.BMNC<WNCMAX)CU=1.-XSF

      IF(BMNC<WNCMIN)CU=1.

      ! AMMONIFICATION (N MINERLIZATION) PRODUCRT OF CA*CS*WKA*BMN

      SUP=MAX(0.,CA*CS*WKA*WBMN(ISL,ISA))

      ! MICROBIAL UPTAKE OF N (N IMMOBILIZATION) MICHAELIS-MENTEN EXPRESION &

      ! DRIVEN BY MICROBIAL CARBON AND REGUALTED BY CU

      XU=CS*CU*VMU

      XDENOM=.01*SWST(ISL,ISA)

      DMDNMAX=XU*WBMC(ISL,ISA)

      XWNH3=WNH3(ISL,ISA)/XDENOM

      XWNO2=WNO2(ISL,ISA)/XDENOM

      XWNO3=WNO3(ISL,ISA)/XDENOM

      DMDNH3MX=MIN(WNH3(ISL,ISA),XWNH3*DMDNMAX/(WKMNH3+XWNH3))

      DMDNO2MX=MIN(WNO2(ISL,ISA),XWNO2*DMDNMAX/(WKMNO2+XWNO2))

      DMDNO3MX=MIN(WNO3(ISL,ISA),XWNO3*DMDNMAX/(WKMNO3+XWNO3))

      DMDN=DMDNH3MX+DMDNO2MX+DMDNO3MX

      XX=1.

      IF(DMDN>DMDNMAX)XX=DMDNMAX/DMDN

      TUPH3=DMDNH3MX*XX

      TUPO2=DMDNO2MX*XX

      TUPO3=DMDNO3MX*XX

      SGMN=SGMN+SUP

      XNIMO=-TUPH3-TUPO2-TUPO3

      RNMN(ISL,ISA)=SUP+XNIMO

      WNO3(ISL,ISA)=MAX(1.E-10,WNO3(ISL,ISA)-TUPO3)

      WNO2(ISL,ISA)=MAX(1.E-10,WNO2(ISL,ISA)-TUPO2)

      WNH3(ISL,ISA)=MAX(1.E-10,WNH3(ISL,ISA)-TUPH3+SUP)

      SNMN=SNMN+RNMN(ISL,ISA)

      SMS(9,ISL,ISA)=SMS(9,ISL,ISA)+RNMN(ISL,ISA)

	  TLSCA=MIN(WLSC(ISL,ISA),TLSCA)

	  WLSC(ISL,ISA)=MAX(.01,WLSC(ISL,ISA)-TLSCA)

	  TLSLCA=MIN(WLSLC(ISL,ISA),TLSLCA)

      WLSLC(ISL,ISA)=WLSLC(ISL,ISA)-TLSLCA

      WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

      TLMCA=MIN(WLMC(ISL,ISA),TLMCA)

      IF(WLM(ISL,ISA)>0.)THEN

          RTO=MAX(.42,WLMC(ISL,ISA)/WLM(ISL,ISA))

          WLM(ISL,ISA)=WLM(ISL,ISA)-TLMCA/RTO

          WLMC(ISL,ISA)=MAX(.01,WLMC(ISL,ISA)-TLMCA)

      END IF

      WLSL(ISL,ISA)=MAX(1.E-10,WLSL(ISL,ISA)-TLSLCA/.42)

      WLS(ISL,ISA)=WLSC(ISL,ISA)/.42

      IF(ISL==LD1)THEN 

          X3=ASX*THSCA+A1*(TLMCA+TLSLNCA)

          X1=.7*TLSLCA+TBMCA*(1.-ABCO2)

          WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-TBMNA+THSNA*(1.-ASP)+TLMNA+TLSNA-RNMN(ISL,ISA))

          !RSPC(ISL,ISA)=.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA

      ELSE

          X3=APX*THPCA+ASX*THSCA+A1*(TLMCA+TLSLNCA)

          X1=.7*TLSLCA+TBMCA*(1.-ABP-ABCO2)

          X2=THSCA*ASP+TBMCA*ABP

          WHPC(ISL,ISA)=MAX(1.E-10,WHPC(ISL,ISA)-THPCA+X2)

          WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-TBMNA+THPNA+THSNA*(1.-ASP)+TLMNA+TLSNA-RNMN(ISL,ISA))

          WHPN(ISL,ISA)=MAX(1.E-10,WHPN(ISL,ISA)-THPNA+TBMNA*ABP+THSNA*ASP)

          !RSPC(ISL,ISA)=.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA+&

          !APCO2*THPCA

      END IF        

      WBMC(ISL,ISA)=MAX(1.E-10,WBMC(ISL,ISA)-TBMCA+X3)

      WHSC(ISL,ISA)=MAX(1.E-10,WHSC(ISL,ISA)-THSCA+X1)

      AD2=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,ISA)+WLSC(ISL,ISA)

      RSPC(ISL,ISA)=MAX(0.,AD1-AD2)

      WHSN(ISL,ISA)=MAX(1.E-10,WHSN(ISL,ISA)-THSNA+TBMNA*(1.-ABP))

      WLSN(ISL,ISA)=MAX(1.E-10,WLSN(ISL,ISA)-TLSNA)

      WLMN(ISL,ISA)=MAX(1.E-10,WLMN(ISL,ISA)-TLMNA)

      X2=RSPC(ISL,ISA)*WSA(ISA)

      SMM(74,MO,ISA)=SMM(74,MO,ISA)+X2

      VAR(74,ISA)=VAR(74,ISA)+X2

      SMS(8,ISL,ISA)=SMS(8,ISL,ISA)+RSPC(ISL,ISA)

      TRSP=TRSP+RSPC(ISL,ISA)      

      RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

      DHN(ISL,ISA)=MAX(1.E-10,XHN-WHSN(ISL,ISA)-WHPN(ISL,ISA))

      DF=AD1-AD2-RSPC(ISL,ISA)

      SDF=SDF+DF

      IF(ABS(DF)>.1)WRITE(KW(1),3)IY,MO,KDA,ISL,AD1,AD2,RSPC(ISL,ISA),DF,SDF

      !XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

      !AD2=WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+XZ

      !DF=AD2-AD1

      !SDF=SDF+DF

      !IF(ABS(DF)>.01)WRITE(KW(1),3)IY,MO,KDA,ISL,AD1,AD2,DF,SDF

    3 FORMAT(1X,'NCNMI',4I4,10E16.6)      

      RETURN

      END






src/NCNSTD.f90

      SUBROUTINE NCNSTD(X1,X2,JSL)

!     THIS SUBPROGRAM REMOVES C AND N FROM STANDING RESIDUE AND ADDS IT

!     TO THE TOP SOIL LAYER AS A RESULT OF A TILLAGE OPERATION.

      USE PARM

      RLN=1000.*STDL(JJK,ISA)/(STDN(JJK,ISA)+1.E-5)

      RLR=MIN(.8,STDL(JJK,ISA)/(STD(JJK,ISA)+1.E-5))

      X7=1000.*X1

      C7=.42*X7*WSA(ISA)

      SMS(7,JSL,ISA)=SMS(7,JSL,ISA)+C7

      SMM(73,MO,ISA)=SMM(73,MO,ISA)+C7

      VAR(73,ISA)=VAR(73,ISA)+C7

      RCN=420.*STD(JJK,ISA)/(STDN(JJK,ISA)+1.E-5)

      X8=.85-.018*RLN

      IF(X8<.01)THEN

          X8=.01

      ELSE

          IF(X8>.7)X8=.7

      END IF    

      XX=X7*X8

      Y1=WLM(JSL,ISA)+XX

	  IF(Y1>0.)THEN

	      WLM(JSL,ISA)=Y1

          Y2=XX

      ELSE

	      Y2=-WLM(JSL,ISA)

          WLM(JSL,ISA)=1.E-5

	  END IF    

      XZ=X7-Y2

      WLS(JSL,ISA)=MAX(1.E-5,WLS(JSL,ISA)+XZ)

      WLSL(JSL,ISA)=MAX(1.E-5,WLSL(JSL,ISA)+XZ*RLR)

      X6=X2

      XY=.42*XZ

      WLSC(JSL,ISA)=MAX(1.E-5,WLSC(JSL,ISA)+XY)

      WLSLC(JSL,ISA)=MAX(1.E-5,WLSLC(JSL,ISA)+XY*RLR)

      WLSLNC(JSL,ISA)=WLSC(JSL,ISA)-WLSLC(JSL,ISA)

      X3=MIN(X6,XY/150.)

	  Y1=WLSN(JSL,ISA)+X3

	  IF(Y1>0.)THEN

	      Y2=X3

          WLSN(JSL,ISA)=Y1

	  ELSE

	      Y2=-WLSN(JSL,ISA)

	      WLSN(JSL,ISA)=1.E-5

	  END IF

	  WLMN(JSL,ISA)=MAX(1.E-5,WLMN(JSL,ISA)+X6-Y2)

      WLMC(JSL,ISA)=MAX(1.E-5,WLMC(JSL,ISA)+.42*XX)      

      RSD(JSL,ISA)=.001*(WLS(JSL,ISA)+WLM(JSL,ISA))

      ARSD(ISA)=ARSD(ISA)+X1

      RETURN

      END





     






src/NCONC.f90

      SUBROUTINE NCONC(P0,P5,P1,A,KW,MSO)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PARAMETERS OF AN EQUATION DESCRIBING THE

!     N AND P RELATIONS TO CROP MATURITY.

      DIMENSION KW(MSO)

      A=5.0

      DO I=1,10

          A5=A*.5

          EA=EXP(A)

          EA1=EA-1.

          EG=EXP(-A5)

          P0G=P0*EG

          EG1=EXP(A5)

          PEG=P1*(EA-EG1)

          P01=P0*(1.-EG)

          X1=PEG-P01

          PG5=.5*P0G

          FU=X1/EA1+P0G-P5

          IF (ABS(FU)<1.E-7) GO TO 3

          DFDA=(EA1*(P1*(EA-.5*EG1)-PG5)-EA*X1)/(EA1*EA1)-PG5

          IF (DFDA==0) DFDA=FU

          A=A-FU/DFDA

      END DO

      WRITE (KW(1),4) A,FU

    3 P5=(P1*EA-P0)/EA1

      P0=P0-P5

      RETURN

    4 FORMAT (//T10,'NCONC DID NOT CONVERGE',2E16.6)

      END






src/NCONT.f90

      SUBROUTINE NCONT(I)

!     APEX1501

!     THIS SUBPROGRAM IS USED TO CHECK N & P BALANCES FOR TROUBLE-

!     SHOOTING PURPOSES.

      USE PARM

      DIMENSION ADX(16)

      DATA YLNX/0./

      WSAX=WSA(I)

      ZEK(I)=0.

      ZFK(I)=0.

      ZSK(I)=0.

      ZNO3(I)=0.

      ZNH3(I)=0.

      ZLSN(I)=0.

      ZLMN(I)=0.

      ZBMN(I)=0.

      ZHSN(I)=0.

      ZHPN(I)=0.

      ZNMU(I)=0.

      ZNOU(I)=0.

      ZLSC(I)=0.

      ZLMC(I)=0.

      ZBMC(I)=0.

      ZHSC(I)=0.

      ZHPC(I)=0.

      ZPML(I)=0.

      ZPO(I)=0.

      ZPMA(I)=0.

      ZPMU(I)=0.

      ZPOU(I)=0.

!     TRSD(I)=0.

      ZFOP(I)=0.

      ZNOS(I)=0.

      ZNOA(I)=0.

      ZPMS(I)=0.

      SW(I)=0.

      SUM=0.

      DO J=1,NBSL(I)

          ISL=LID(J,I)

          ZNO3(I)=ZNO3(I)+WNO3(ISL,I)

          ZNH3(I)=ZNH3(I)+WNH3(ISL,I)

          ZLSN(I)=ZLSN(I)+WLSN(ISL,I)

          ZLMN(I)=ZLMN(I)+WLMN(ISL,I)

          ZBMN(I)=ZBMN(I)+WBMN(ISL,I)

          ZHSN(I)=ZHSN(I)+WHSN(ISL,I)

          ZHPN(I)=ZHPN(I)+WHPN(ISL,I)

          ZNMU(I)=ZNMU(I)+WNMU(ISL,I)

          ZNOU(I)=ZNOU(I)+WNOU(ISL,I)

          ZLSC(I)=ZLSC(I)+WLSC(ISL,I)

          ZLMC(I)=ZLMC(I)+WLMC(ISL,I)

          ZBMC(I)=ZBMC(I)+WBMC(ISL,I)

          ZHSC(I)=ZHSC(I)+WHSC(ISL,I)

          ZHPC(I)=ZHPC(I)+WHPC(ISL,I)

          ZPML(I)=ZPML(I)+WPML(ISL,I)

          ZPMS(I)=ZPMS(I)+WPMS(ISL,I)

          ZPMA(I)=ZPMA(I)+WPMA(ISL,I)

          ZPMU(I)=ZPMU(I)+WPMU(ISL,I)

          ZPOU(I)=ZPOU(I)+WPOU(ISL,I)

          ZPO(I)=ZPO(I)+WPO(ISL,I)

          ZFOP(I)=ZFOP(I)+FOP(ISL,I)

          ZEK(I)=ZEK(I)+EXCK(ISL,I)

          ZFK(I)=ZFK(I)+FIXK(ISL,I)

          ZSK(I)=ZSK(I)+SOLK(ISL,I)

          ! TRSD(I)=TRSD(I)+RSD(ISL,I)

          SW(I)=SW(I)+SWST(ISL,I)

          SUM=SUM+RSPC(ISL,I)

      END DO

      SELECT CASE(IPCD)

          CASE(1) ! C

              SUM=.001*SUM*WSAX

              IF(IEXT(I)>0)THEN

                  X5=.001*VYC(IDOA(I))

                  X4=.001*VQC(IDOA(I))

                  X2=0.

                  X3=0.

              ELSE    

                  X5=.001*VYC(IDOR(I))

                  X4=.001*VQC(IDOR(I))

                  X2=.001*VYC(IDNF(I))

                  X3=.001*VQC(IDNF(I))

              END IF 

              V75=.001*VAR(75,I)*WSAX

              V140=.001*VAR(140,I)*WSAX

              V99=.001*VAR(99,I)*WSAX

              V73=.001*VAR(73,I)

              V101=.001*VAR(101,I)*WSAX

              V136=.001*VAR(136,I)

              ZOC(I)=ZLSC(I)+ZLMC(I)+ZBMC(I)+ZHSC(I)+ZHPC(I)

              FTC=.001*ZOC(I)*WSAX

              BAL=BTCZ(I)+X2-X5+X3-X4-V136-V75-SUM+V73+V99-V140-V101-FTC

              SBAL=SBAL+BAL

              IF(ABS(BAL)>.01)THEN

                  WRITE(KW(1),125)I,NBSA(I),IYR,MO,KDA,BTCZ(I),ZLSC(I),ZLMC&

                  (I),ZBMC(I),ZHSC(I),ZHPC(I),ZOC(I)

                  WRITE(KW(1),125)I,NBSA(I),IYR,MO,KDA,BTCZ(I),X2,X5,X3,X4,&

                  V136,V75,SUM,V73,V99,V140,V101,FTC,BAL,SBAL

              END IF

              BTCZ(I)=FTC

          CASE(2) ! H2O

              ESALA=SALA(ISA)

              X1=10.*BSALA(ISA)

              WSAX1=10.*WSA(ISA)

              ESW=WSAX1*SW(ISA)

              ESNO=WSAX1*SNO(ISA)

              EGWS=GWST(ISA)

              FSWL=SWLT(ISA)*WSAX1

              X3=EVRS(ISA)

              X4=VAR(4,ISA)

              X11=WSAX1*VAR(11,ISA)

              X72=VAR(72,ISA)

              X16=WSAX1*VAR(16,ISA)

              X71=VAR(71,ISA)

              X18=WSAX1*VAR(18,ISA)

              X110=WSAX1*VAR(110,ISA)

              X19=WSAX1*VAR(19,ISA)

              X86=VAR(86,ISA)

              X146=VAR(146,ISA)

              X147=VAR(147,ISA)

              X156=VAR(156,ISA)

              X157=VAR(157,ISA)

              IF(RSAE(ISA)>0.)THEN

                  X34=VARH(34,IDRO(ISA))

                  X37=VARH(37,IDRO(ISA))

              ELSE

                  X37=VAR(13,ISA)

                  IF(IEXT(ISA)>0)THEN

                      X34=VARH(34,IDOA(ISA))

                      X36=0.

                      X15=VARH(15,IDOA(ISA))

                      X17=0.

                  ELSE

                      X34=VARH(34,IDOR(ISA))

                      X36=VARH(34,IDNF(ISA))

                      X17=VARH(15,IDNF(ISA))

                      X15=VARH(15,IDOR(ISA))

                  END IF    

              END IF 

              CALL HSWBLD(X4,X37,X36,X34,X17,X15,X11,X147,X3,X16,X71,X72,&

              X18,X110,X19,X86,X146,X156,X157,BSNO(ISA),&

              ESNO,BSW(ISA),ESW,BRSV(ISA),RSV(ISA),BGWS(ISA),EGWS,&

              FSWL,BSALA(ISA),ESALA,ISA,NBSA(ISA),IY,MO,KDA,KW(1))

              BSW(ISA)=ESW

              BSNO(ISA)=ESNO

              BRSV(ISA)=RSV(ISA)

              BGWS(ISA)=EGWS

              BSALA(ISA)=ESALA

          CASE(3) ! P

              IF(IEXT(I)>0)THEN

                  X5=VAYP(IDOA(I))

                  X4=VAQP(IDOA(I))

                  X2=0.

                  X3=0.

              ELSE    

                  X5=VAYP(IDOR(I))

                  X4=VAQP(IDOR(I))

                  X2=VAYP(IDNF(I))

                  X3=VAQP(IDNF(I))

              END IF

              YLPX=WSAX*(TYP(I)-YLPX)

              ADD=0.

              TOT=0.

              DO J=1,12

                  TOT=TOT+STDP(J,I)

                  ADD=ADD+UP1(J,I)

              END DO

              V135=VAR(135,ISA)

              V51=VAR(51,ISA)*WSAX

              V56=V56*WSAX

              V57=V57*WSAX

              V90=VAR(90,ISA)*WSAX

              V106=VAR(106,ISA)*WSAX

              FTP=WSAX*(ZPML(I)+ZPMS(I)+ZPMA(I)+ZPO(I)+ZFOP(I)+ZPOU(I)+&

              ZPMU(I)+TOT+STDOP(I)+ADD)

              BAL=BTPZ(I)+X2-X5+X3-X4-V135-V51-YLPX+V56+V57+V106-V90-FTP

              SBAL=SBAL+BAL

              IF(ABS(BAL)>1.)THEN

                  WRITE(KW(1),3)I,NBSA(I),IY,MO,KDA

                  WRITE(KW(1),'(5X,12E12.5)')BTPZ(I),ZPML(I),ZPMS(I),&

                  ZPMA(I),ZPO(I),ZFOP(I),ZPMU(I),ZPOU(I),TOT,STDOP(I),ADD,FTP

                  WRITE(KW(1),2)X2,X5,X3,X4,V135,V51,YLPX,V56,V57,V106,V90,&

                  FTP,BAL,SBAL

              END IF

              V56=0.

              V57=0.

              BTPZ(I)=FTP

              YLPX=TYP(I)

          CASE(4) ! N

              IF(IEXT(I)>0)THEN

                  X5=VAYN(IDOA(I))

                  X4=VAQN(IDOA(I))

                  X15=VSSN(IDOA(I))

                  X17=0.

                  X2=0.

                  X3=0.

              ELSE    

                  X5=VAYN(IDOR(I))

                  X4=VAQN(IDOR(I))

                  X2=VAYN(IDNF(I))

                  X3=VAQN(IDNF(I))

                  X15=VSSN(IDOR(I))

                  X17=VSSN(IDNF(I))

              END IF

              X6=(TYN(I)-YLNX)*WSAX 

              ADD=0.

              TOT=0.

              DO J=1,12

                  TOT=TOT+STDN(J,I)

                  ADD=ADD+UN1(J,I)

              END DO

              ADX(1)=ADX(1)+X5

              ADX(2)=ADX(2)+X4

              ADX(3)=ADX(3)+X15

              ADX(4)=ADX(4)+RFQN(I)

              ADX(5)=ADX(5)+VAR(134,I)

              ADX(6)=ADX(6)+VAR(42,I)

              ADX(7)=ADX(7)+X6

              ADX(8)=ADX(8)+VAR(46,I)

              ADX(9)=ADX(9)+VAR(54,I)

              ADX(10)=ADX(10)+VAR(55,I)

              ADX(11)=ADX(11)+VAR(53,I)

              ADX(12)=ADX(12)+VAR(43,I)

              ADX(13)=ADX(13)+VAR(82,I)

              ADX(14)=ADX(14)+VAR(89,I)

              ADX(15)=ADX(15)+VAR(96,I)

              ADX(16)=ADX(16)+VAR(105,I)

              ZON(I)=ZLSN(I)+ZLMN(I)+ZBMN(I)+ZHSN(I)+ZHPN(I)

              !SUM=ZNO3(I)+ZNH3(I)+ZON(I)+TOT+STDON(I)+ADD+ZNMU(I)+ZNOU(I)

              SUM=ZNO3(I)+ZNH3(I)+ZON(I)+TOT+STDON(I)+ADD+ZNMU(I)

              FTN=SUM*WSAX+GWSN(I)

              BAL=BTNZ(I)+X2-X5+X3-X4+X17-X15+RFQN(I)-VAR(134,I)-VAR(42,I)&

              -X6-VAR(46,I)+VAR(54,I)+VAR(55,I)+VAR(53,I)+VAR(43,I)&

              -VAR(82,I)-VAR(89,I)-VAR(96,I)+VAR(105,I)-FTN

              SBAL=SBAL+BAL

              IF(ABS(BAL)>0.)THEN

                  WRITE(KW(1),'(A,2I8,3I4)')'N BAL (kg)',I,NBSA(I),IY,MO,KDA

                  WRITE(KW(1),'(5X,12F20.6)')BTNZ(I),ZNO3(I),ZNH3(I),ZON(I),&

                  TOT,STDON(I),ADD,ZNMU(I),ZNOU(I),SUM,GWSN(I),FTN

                  WRITE(KW(1),1)X2,X5,X3,X4,X17,X15,RFQN(I),VAR(134,I),&

                  VAR(42,I),X6,VAR(46,I),VAR(54,I),VAR(55,I),VAR(53,I),&

                  VAR(43,I),VAR(82,I),VAR(89,I),VAR(96,I),VAR(105,I),FTN,&

                  BAL,SBAL

                  WRITE(KW(1),'(10F20.6)')ADX

              END IF

              BTNZ(I)=FTN

              YLNX=TYN(I)

      END SELECT

      RETURN

    1 FORMAT(5X,'  YI=',F20.6,2X,'  YO=',F20.6,2X,'  QI=',F20.6,2X,&

      '  QO=',F20.6,2X,'SSNI=',F20.6,2X,'SSNO=',F20.6/5X,'  RF=',F20.6,&

      2X,'YNWN=',F20.6,2X,'DNIT=',F20.6,2X,' YLN=',F20.6,2X,'AVOL=',&

      F20.6,2X,'FNO3=',F20.6/5X,'FNH3=',F20.6,2X,' FNO=',F20.6,2X,&

      'NFIX=',F20.6,2X,'BURN=',F20.6,2X,'SCRP=',F20.6,2X,'DPKN=',F20.6/&

      5X,'PSON=',F20.6,2X,' FTN=',F20.6,2X,' BAL=',F20.6,2X,'SBAL=',F20.6)  

    2 FORMAT(5X,'  YI=',E12.5,2X,'  YO=',E12.5,2X,'  QI=',E12.5,2X,&

      '  QO=',E12.5,2X,'YPWN=',E12.5/5X,'PLCH=',E12.5,2X,' YLP=',E12.5,&

      2X,'FPMN=',E12.5,2X,' FPO=',E12.5,2X,'PSOP=',E12.5/5X,'SCRP=',&

      E12.5,2X,' FTP=',E12.5,2X,' BAL=',E12.5,2X,'SBAL=',E12.5)  

    3 FORMAT(/T10,'P BAL (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,3I4)

  125 FORMAT(1X,'^^^^^',2I8,1X,3I4,2X,20F10.2)

      END






src/NCQYL.f90

      SUBROUTINE NCQYL

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY C LOSS, GIVEN SOIL LOSS AND

!     ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      Y1=WBMC(LD1,ISA)

      YY=YSD(NDRV,ISA)

      Y4=PKRZ(LD1)

      V=0.

      VBC=0.

      QC(IDO)=0.

      QMM=.1*QVOL(IDO)/WSAX

      TOT=WSAX*(WHPC(LD1,ISA)+WHSC(LD1,ISA)+WLMC(LD1,ISA)+WLSC(LD1,ISA))

      X1=MAX(1.E-5,1.-YEW-YEWN)

      YC(IDO)=YEW*TOT

      YCWN(IDO)=YEWN*TOT

      WHSC(LD1,ISA)=WHSC(LD1,ISA)*X1

      WHPC(LD1,ISA)=WHPC(LD1,ISA)*X1

      WLS(LD1,ISA)=WLS(LD1,ISA)*X1

      WLM(LD1,ISA)=WLM(LD1,ISA)*X1

      WLSL(LD1,ISA)=WLSL(LD1,ISA)*X1

      WLSC(LD1,ISA)=WLSC(LD1,ISA)*X1

      WLMC(LD1,ISA)=WLMC(LD1,ISA)*X1

      WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*X1

      WLSLNC(LD1,ISA)=WLSC(LD1,ISA)-WLSLC(LD1,ISA)

      IF(Y1>.01)THEN

          V=QMM+Y4

          X1=MAX(5.*V,WT(LD1,ISA)*PRMT(21))

          IF(QMM>0.)QC(IDO)=Y1*QMM/X1

          VBC=MIN(.5*Y1,Y1*PKRZ(LD1)/X1)

          WBMC(LD1,ISA)=Y1-VBC-QC(IDO)

          WCMU(LD1,ISA)=MAX(0.,WCMU(LD1,ISA)-VBC-QC(IDO))

      END IF

      DO L=2,NBSL(ISA)

          ISL=LID(L,ISA)

          Y1=WBMC(ISL,ISA)+VBC

          WCMU(ISL,ISA)=WCMU(ISL,ISA)+VBC

          VBC=0.

          IF(Y1>.01)THEN

              V=PKRZ(ISL)

              IF(V>0.)THEN

                  XX=MIN(.75,PKRZ(ISL)/WT(ISL,ISA))

                  VBC=XX*Y1

              END IF

          END IF

          WBMC(ISL,ISA)=Y1-VBC

          WCMU(ISL,ISA)=WCMU(ISL,ISA)-VBC

      END DO

      VBC=VBC*WSAX

      SMM(75,MO,ISA)=SMM(75,MO,ISA)+VBC

      VAR(75,ISA)=VBC

      QC(IDO)=QC(IDO)*WSAX

      SMM(76,MO,ISA)=SMM(76,MO,ISA)+QC(IDO)

      VAR(76,ISA)=QC(IDO)

      SQC(IDO)=SQC(IDO)+QC(IDO)

      VQC(IDO)=QC(IDO)

      X4=MIN(.5*WHSC(LD1,ISA),.5*WCOU(LD1,ISA),YMNU(IDO)*WCOU(LD1,ISA)/(WSAX*RSDM(LD1,ISA)+1.E-10))

      WCOU(LD1,ISA)=WCOU(LD1,ISA)-X4

      WHSC(LD1,ISA)=WHSC(LD1,ISA)-X4

      X4=WSAX*X4

      YCOU(IDO)=X4

      YC(IDO)=YC(IDO)+X4

      SMM(77,MO,ISA)=SMM(77,MO,ISA)+YC(IDO)

      VAR(77,ISA)=YC(IDO)

      VYC(IDO)=YC(IDO)

      SMM(136,MO,ISA)=SMM(136,MO,ISA)+YCWN(IDO)

      VAR(136,ISA)=YCWN(IDO)

      RETURN

      END






src/NDNIT.f90

      SUBROUTINE NDNIT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY LOSS OF SOL N BY DENITRIFICATION.

      USE PARM

      X2=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(X2>0.)THEN

          RTO=100.*(SWST(ISL,ISA)-FC(ISL,ISA))/(PO(ISL,ISA)-FC(ISL,ISA))

          !F=RTO/(RTO+EXP(SCRP(27,1)-SCRP(27,2)*RTO))

	      X1=MIN(PRMT(36),1.-EXP(-CDG(ISL,ISA)*WOC(ISL,ISA)/WT(ISL,ISA)))

          WDN=WNO3(ISL,ISA)*X1

	      IF(WDN>WNO3(ISL,ISA))WDN=WNO3(ISL,ISA)

          WNO3(ISL,ISA)=MAX(1.E-5,WNO3(ISL,ISA)-WDN)

      ELSE

          WDN=0.

      END IF    

      RETURN

      END






src/NDNITAK.f90

      SUBROUTINE NDNITAK(DZ)

!     APEX1501

!     THIS SUBPROGRAM DEVELOPED BY ARMEN KEMANIAN ESTIMATES DAILY 

!     DENITRIFICATION AND N2O LOSSES OF SOIL NO3.

      USE PARM

      DN2O=0.

! compute water factor

      WFP=SWST(ISL,ISA)/PO(ISL,ISA)

      AIRV=MAX(0.,(PO(ISL,ISA)-SWST(ISL,ISA))/DZ)

      X1=.90+.001*CLA(ISL,ISA)

      X2=(1.0001- AIRV)/X1

      IF(X2<.8)RETURN

      H2O_F=1./(1.+X2**(-60))

! compute nitrate factor

      ONO3_C=MAX(1.E-5,1000.*WNO3(ISL,ISA)/WT(ISL,ISA)) ! g/Mg or ppm

      ONO3_F=ONO3_C/(ONO3_C+60.)

! compute respiration factor

      X3=1000.*RSPC(ISL,ISA)/WT(ISL,ISA) ! units mg/kg

      C_F=MIN(1.,X3/50.)

      D_F=ONO3_F*H2O_F*C_F

      DNITMX=PRMT(35)*32.

! units g N / Mg soil / day (32 x 10-6 kg N kg-1 soil day-1)

      WDN=.001*D_F*DNITMX*WT(ISL,ISA) ! kg N /ha

      IF(WDN>WNO3(ISL,ISA))WDN=WNO3(ISL,ISA)

! compute N2O as a fraction of WDN

      DN2O=ONO3_F*(1.-SQRT(H2O_F))*(1.-C_F**.25)*WDN

      WNO3(ISL,ISA)=WNO3(ISL,ISA)-WDN

      RETURN

      END






src/NDNITCI.f90

      SUBROUTINE NDNITCI

      ! APEX1501

      USE PARM

      DATA B1,B2,B3/70.,140.,720./,COX/.032/,DAO2/7.2E-6/,O2MW/32./,&

      XN/2.58368E15/,FD/.19/,RGF,RMF/.547,.01785/,VU/1./,VL/-.15/,&

      DIAM1/3.27E-7/,STN/.0728/,A1/.61821/,T1/3.27536/,FCMX/3.06/,&

      VWCR/.03/,WPMP/153.06/,A,B,C/.002,1.4,.5/

      ! THIS LOOP CALCULATES THE PRODUCTION AND CONSUMPTION OF O2, CO2, AND

      ! N2O BY SOIL LAYER WITHIN ONE HOUR. IT ALSO UPDATES POOLS OF NO3 AND

      ! NO2 FACTOR TO CONVERT MASS (kg/ha FOR A GIVEN SOIL LAYER) TO 

      ! GAS CONCENTRATION (G/M3 SOIL)

	  AD1=0.

      AD2=0.

      AD3=0.

      XFCM=LOG10(FCMX)

      XMP=XFCM-LOG10(WPMP)

      XSTN=2.*STN

      DO J=1,NBCL

          AD1=AD1+WNO3(J,ISA)+WNO2(J,ISA)+WN2O(J,ISA)

          ! EA=TOTAL ELECTRONS ACCEPTED BY O2 AND N OXIDES

          EA=0.

          EAO2=0.

          EAO2R=0.

          ESRR=0.

          WN2G=0.

          ESMR=RSPC(J,ISA)/B3

          X4=SOT(J,ISA)+273.15

          IF(IDNT==3)THEN

              VWCE=MIN(.99,(VWC(J,ISA)-VWCR)/(TPOR(J,ISA)-VWCR))

              X3=.001*((VWCE**(-1./C)-1.)**(1./B))/A

              DW=MAX(1.01E-6,1.E-6+8.E-6*X3**(-0.945703126))

          ELSE

              DIAM2=1.E-6*(T1-(1./A1)*LOG((VU-VL)/(CBVT-VL)-1.))

              XFC=LOG10(VFC(J,ISA))

              BX=XMP/(LOG10(VWP(J,ISA))-XFC)

              A2=10.**(BX*XFC+XFCM)

              CONSTA=9.82*A2/XSTN

              CONSTB=1./BX

              PVC=(CONSTA*DIAM2)**CONSTB

              VEDW=VWC(J,ISA)-PVC

              HX=.9549*PVC/((.5*DIAM1)**2+(.5*DIAM2)**2+DIAM1*DIAM2/4.)

              XL=SQRT(HX**2+(.5*(DIAM2-DIAM1))**2)

              SA=1.5708*(DIAM1+DIAM2)*XL

              DW=MAX(1.1E-6,VEDW/SA)

          END IF

          DAO2TC=DAO2*(X4/293.15)**6

          XKT=1.5708E-10*XN*WBMC(J,ISA)*DAO2TC*DW/(DW-1.E-6)

          IF(XKT>0.)THEN

              QTB=XKT*(CLO2(J,ISA)-COX)-ESMR

              QTC=XKT*COX*CLO2(J,ISA)

              IF(QTB>1.E10)THEN

                  EAO2=ESMR

              ELSE

                  O2M=(QTB+SQRT(QTB*QTB+4.*XKT*QTC))/(2.*XKT)

                  EAO2=ESMR*O2M/(O2M+COX)

              END IF

          ELSE

              EAO2=0.

          END IF

          IF(RWTZ(J,ISA)>1.E-5.AND.JRRS==0)THEN

              ! NEW DERIVATION FOR ELECTRON SUPPLY DUE TO ROOT RESPIRATION

              ! SEE MODEL DOCUMENTATION

              ! ROOT RESPIRED C (KG C HA-1 D-1)

              X1=(RGF/(1.-RGF))*MAX(0.,DRWX(J,ISA))+RMF*RWTZ(J,ISA)

              RRTC=.42*X1

              ! ESRR=MOLE E- M-2 H-1 FROM ROOT RESPIRATION - USE ESRR

              ESRR=5.833E-4*X1

  	          RRC=ESRR*B3 

              !XKTR=54.573*DAO2TC*RWTZ(J,ISA)

              X2=LOG(DW/.001)

              IF(X2<=0.)X2=1.

              XKTR=125.664*DAO2TC*RWTZ(J,ISA)/X2

              QTBR=XKTR*(CLO2(J,ISA)-COX)-ESRR

              IF(QTBR>1.E10)THEN

                  EAO2R=ESRR

              ELSE

                  QTCR=XKTR*COX*CLO2(J,ISA)            

                  ! SOLVE QUADRATIC EQN FOR O2M AND O2MR

                  O2R=(QTBR+SQRT(QTBR*QTBR+4.*XKTR*QTCR))/(2.*XKTR)

                  ! ELECTRONS FROM MICROBE AND ROOT RESPIRATION ACCEPTED BY O2

                  EAO2R=ESRR*O2R/(O2R+COX)

              END IF

          END IF	

          SUM=EAO2+EAO2R

          ESD=ESMR+ESRR-SUM

          ! ELECTRONS AVAILABLE FOR DENITRIFICATION

          ESD=FD*ESD

          ! COMPETITION FOR ELECTRONS AMONG OXIDES OF N

          ! CALCULATE WEIGHING FACTORS FIRST

          X1=DZ10*VWC(J,ISA)

          CNO3=MAX(1.E-5,WNO3(J,ISA)/X1)

          CNO2=MAX(1.E-5,WNO2(J,ISA)/X1)

          WN5=2.*CNO3/(XKN5+CNO3)

          WN3=2.*CNO2/(XKN3*(1.+CNO3/XKN5)+CNO2)

          WN1=CLN2O(J,ISA)/(XKN1*(1.+CNO2/XKN3)+CLN2O(J,ISA))

          ! CALCULATE THE RATES OF REDUCTION OF OXIDES OF N

          X2=ESD/(WN1+WN3+WN5)

          X1=MAX(1.E-10,WNO3(J,ISA)/B1)

          EAN5=MIN(X1,X2*WN5)

          X1=MAX(1.E-10,WNO2(J,ISA)/B1)

          EAN3=MIN(X1,X2*WN3)

          IF(WN2O(J,ISA)>0.)THEN

              X1=WN2O(J,ISA)/B2

              EAN1=MIN(X1,X2*WN1)

          ELSE

              EAN1=0.

          END IF

          ! THESE ARE THE RESULTS BY LAYER AT THE END OF ONE HOUR

          ! IF NOT ALL ELECTRONS CAN BE ACCEPTED BY O2 (ESD>0.)

          ! TOTAL ELECTRONS ACCEPTED AND TRANSFORMATIONS OF N OXIDES

          EA=EA+EAO2+EAO2R+EAN5+EAN3+EAN1

          SMEA(J,ISA)=SMEA(J,ISA)+EA

          SMES(J,ISA)=SMES(J,ISA)+ESMR+ESRR

          ! EAD=TOTAL DEFICIT OF ELECTRONS

          EAD=EAN5+EAN3+EAN1

          ! LIQUID POOLS

          WNO3(J,ISA)=WNO3(J,ISA)-EAN5*B1

          WNO2(J,ISA)=WNO2(J,ISA)-(EAN3-EAN5)*B1

          ! GAS POOLS

          ! NITROUS OXIDE AND DINITROGEN

          ! GENN2O CALCULATES HOW MUCH N2O IS GENERATED (kg/ha/h per layer)

          GENN2O=EAN3*B1-EAN1*B2

          ! DN2OG(J,ISA) ACCUMULATES N2O GENERATED DURING A DAY (kg/ha)

          DN2OG(J,ISA)=DN2OG(J,ISA)+GENN2O

          ! WN2O(J,ISA) UPDATES THE N2O POOL (kg/ha). *WN2O(J,ISA)=DN2O(J,ISA)*

          WN2O(J,ISA)=WN2O(J,ISA)+GENN2O

          ! AN2OC(J,ISA) CONVERTS MASS OF N2O INTO CONCENTRATION (G/M3)

          AN2OC(J,ISA)=WN2O(J,ISA)/DZ10

          ! WN2G CALCULATES THE MASS OF N2 GENERATED (kg/ha)

          WN2G=EAN1*B2

          IF(WN2O(J,ISA)<0.)WRITE(KW(1),'(1X,A,4I4,10E16.6)')'~~~~~',IY,MO,&

          KDA,J,WN2O(J,ISA),GENN2O,WN2G

          ! DN2G(J,ISA) ACCUMULATES N2 GENERATED DURING A DAY (kg/ha)

          DN2G(J,ISA)=DN2G(J,ISA)+WN2G

          ! O2CONS= O2 CONSUMED (kg/ha)

          ! (MOL E/M2*1/4*MOL O2/MOL E*32 G O2/MOL O2*10.)

          O2CONS=2.5*SUM*O2MW

          ! DO2CONS ACCUMULATES O2 CONSUMED DAILY 

          ! CARBON DIOXIDE

          DO2CONS(J,ISA)=DO2CONS(J,ISA)+O2CONS

          ! AO2C(J,ISA) RECALCULATES O2 CONCENTRATION IN LAYER (G/M3)

          AO2C(J,ISA)=MAX(0.,AO2C(J,ISA)-O2CONS/DZ10)

          ! CO2GEN IS CO2 GENERATED (kg/ha)

          !(MOL E/M2*1/4*MOL C/MOL E*12 G C/MOL C*10.)

          ! FACTOR 10. ABOVE IS TO CONVERT G/M2 TO kg/ha

          CO2GEN=EA*30.

          !	  DCO2GEN(J,ISA) ACCUMULATES CO2 GENERATED DAILY 

          DCO2GEN(J,ISA)=DCO2GEN(J,ISA)+CO2GEN

          ! ACO2C(J,ISA) RECALCULATES CO2 CONCENTRATION IN LAYER (G/M3)

          ACO2C(J,ISA)=MAX(0.,ACO2C(J,ISA)+CO2GEN/DZ10)

          AD2=AD2+WNO3(J,ISA)+WNO2(J,ISA)+WN2O(J,ISA)

          AD3=AD3+WN2G

      END DO

      DF=AD2+AD3-AD1

      IF(ABS(DF/AD1)>1.E-5)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,AD3,DF

    1 FORMAT(1X,'NDNITCI',3I4,4E16.6)

      RETURN

      END






src/NEVN.f90

      SUBROUTINE NEVN

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD SOL N MOVEMENT CAUSED BY SOIL 

!     EVAPORATION.

      USE PARM

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      TOT=0.

      DO KK=NEV,2,-1

          ISL=LID(KK,ISA)

          IF(WNO3(ISL,ISA)<.001)CYCLE

          XX=SEV(ISL,ISA)*PRMT(86)*WNO3(ISL,ISA)/(SWST(ISL,ISA)+SEV(ISL,ISA))

          TOT=TOT+XX

          WNO3(ISL,ISA)=MAX(1.E-5,WNO3(ISL,ISA)-XX)

      END DO

      WNO3(LD1,ISA)=WNO3(LD1,ISA)+TOT

      RETURN

      END






src/NEVP.f90

      SUBROUTINE NEVP

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD SOLUBLE P MOVEMENT CAUSED BY SOIL

!     EVAPORATION.

      USE PARM

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      TOT=0.

      DO KK=NEV,2,-1

          ISL=LID(KK,ISA)

          IF(WPML(ISL,ISA)<.001.OR.SEV(ISL,ISA)<.001)CYCLE

          X1=MIN(.75,PRMT(59)*SEV(ISL,ISA)/WT(ISL,ISA))

          XX=WPML(ISL,ISA)*X1

          TOT=TOT+XX

          WPML(ISL,ISA)=WPML(ISL,ISA)-XX

          TEV1=TEV1+SEV(ISL,ISA)

      END DO

      TEVP=TEVP+TOT

      TEV1=TEV1+SEV(LD1,ISA)

      WPML(LD1,ISA)=WPML(LD1,ISA)+TOT

      RETURN

      END






src/NFERT-PADDY.f90

      SUBROUTINE NFERT_PADDY(APMU,JFT,KTX,JRT)

!     APEX0806

!     THIS SUBPROGRAM APPLIES N AND P FERTILIZER TO A PADDY FIELD AT SPECIFIED DATES,

!     RATES, AND DEPTH OR AUTOMATICALLY.  Modified from NFERT.F90 by Jaehak Jeong for paddy modeling

      USE PARM

      JRT=0

      IF(LUN(ISA)==35)RETURN

!     IF(ANA(IRO(ISA),ISA)>=FNMX(IRO(ISA),ISA).AND.IRC/=1)RETURN

      X1=0.

      X8=0.

      I=LID(1,ISA)

      ZFT=TLD(JFT)

      WSAX=WSA(ISA)

      KF=LFT(IRO(ISA),KTX,ISA)

      X1=WFA(IRO(ISA),KTX,ISA)



      IF(FOC(KF)<1.E-10)THEN

          DO J=1,NBSL(ISA)

              I=LID(J,ISA)

              IF(ZFT<Z(I,ISA))EXIT

          END DO

          IF(X1<1.E-10)THEN

              X3=MAX(UNA(JJK,ISA)-TNOR(ISA),0.)

              X1=X3/FN(KF)

              IF(X1>0.)GO TO 1

              RETURN

          END IF

								

      END IF

	  

      X3=X1*FN(KF)

      GO TO 12

    1 X8=FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA)

      IF(X8<1.E-10)THEN

          JRT=1

          RETURN 

      END IF

      IF(X3<=X8)GO TO 12

      X3=X8

      X1=X3/FN(KF)

   12 X2=X1*FP(KF)

      X9=X1*FK(KF)

      SOLK(I,ISA)=SOLK(I,ISA)+X9

      SMM(148,MO,ISA)=SMM(148,MO,ISA)+X9

      VAR(148,ISA)=X9

      X4=X3*FNMA(KF)

      X5=X1*FNO(KF)

      X6=X1*FPO(KF)

      X7=X3-X4

      X8=X1*FOC(KF)

      X11=X1*FSLT(KF)

      XX8=X8*WSAX

      SMM(99,MO,ISA)=SMM(99,MO,ISA)+XX8

      VAR(99,ISA)=XX8

      

      !Add nutrients in fertilizer to ponding water

      PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+X7 !Nitrate N, kg/ha

      PADDY_STO(4,ISA)=PADDY_STO(4,ISA)+X2 !Mineral P, kg/ha

      PADDY_STO(5,ISA)=PADDY_STO(5,ISA)+X5 !Organic N, kg/ha

      PADDY_STO(6,ISA)=PADDY_STO(6,ISA)+X6 !Organic P, kg/ha

      PADDY_STO(7,ISA)=PADDY_STO(7,ISA)+X4 !Ammonia N, kg/ha

   

				

									  

										   

										   

      SMM(54,MO,ISA)=SMM(54,MO,ISA)+X7*WSAX

      SMM(55,MO,ISA)=SMM(55,MO,ISA)+X4*WSAX

      SMM(57,MO,ISA)=SMM(57,MO,ISA)+X2*WSAX

      ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+X3



      TFNO=TFNO+X5*WSA(ISA)

      TFMN=TFMN+X7*WSA(ISA)

      TFMA=TFMA+X4*WSA(ISA)

      VAR(57,ISA)=VAR(57,ISA)+X2*WSAX

					

      VAR(54,ISA)=VAR(54,ISA)+X7*WSAX

      VAR(55,ISA)=VAR(55,ISA)+X4*WSAX

      IF(ZFT<.01)THEN

          FSFN(ISA)=FSFN(ISA)+X5+X7+X4

          FSFP(ISA)=FSFP(ISA)+X6+X2

      END IF

      WSLT(I,ISA)=WSLT(I,ISA)+X11

      SMM(132,MO,ISA)=SMM(132,MO,ISA)+X11

      FRTN(JJK,ISA)=FRTN(JJK,ISA)+X3+X5

      FRTP(JJK,ISA)=FRTP(JJK,ISA)+X2+X6

      VAR(132,ISA)=X11

	   XX=X1*FCST(KF)

      COST(ISA)=COST(ISA)+XX

      IF(KFL(31)>0)THEN

          WRITE(KW(31),34)ISA,NBSA(ISA),IYR,MO,KDA,FTNM(KF),KDC(JJK),&

          KDF(KF),IHC(JFT),NBE(JFT),NBT(JFT),XX,XX,X1

      END IF

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.X1>0..AND.KFL(1)>0)THEN

		 WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),IHD,FTNM(KF)&

		 ,X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

      END IF

      IF(KFL(19)>0)WRITE(KW(19),22)ISA,NBSA(ISA),IYR,MO,KDA,IY,IDON&

      (ISA),IHD,FTNM(KF),X1,X3,X4,X5,X2,X6

      APMU=X1*WSA(ISA)

      FCMN(ISA)=FCMN(ISA)+X3+X5

      FCMP(ISA)=FCMP(ISA)+X2+X6

      NDFA(ISA)=0

      

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X'HUSC=',F5.2)

   22 FORMAT(1X,2I8,1X,I4,2I2,3I4,3X,A8,F8.0,6F8.2)

   25 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'FA#=',I4,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X,'HUSC=',F5.2)

   34 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,2X,4I4,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/NFERT.f90

      SUBROUTINE NFERT(APMU,IRC,JFT,KTX,JRT)

!     APEX1501

!     THIS SUBPROGRAM APPLIES N AND P FERTILIZER AT SPECIFIED DATES,

!     RATES, AND DEPTH OR AUTOMATICALLY.

      USE PARM

      JRT=0

      IF(LUN(ISA)==35)RETURN

!     IF(ANA(IRO(ISA),ISA)>=FNMX(IRO(ISA),ISA).AND.IRC/=1)RETURN

      X1=0.

      X8=0.

      I=LID(1,ISA)

      ZFT=TLD(JFT)

      WSAX=WSA(ISA)

      SELECT CASE(IRC)

	      CASE(1,2)

	          I1=IABS(IAPL(ISA))

              KF=IDFT(IRC,I1)

	      CASE(3)

	          KF=IDMU(IHD,IOW)

	      CASE(4)

	          KF=IDFT(IRC,ISA)

	      CASE(5)    

	          KF=IDFT(IRC,ISA)

	      CASE(6)

	          KF=LFT(IRO(ISA),KTX,ISA)

              X1=WFA(IRO(ISA),KTX,ISA)

              GO TO 5

          CASE(7)

              KF=IDFT(3,ISA)

              X1=APMU

	          X3=0.

	          GO TO 12              

	      CASE(8)

              KF=IDFT(6,ISA)

              X1=APMU

	          X3=0.

	          GO TO 12              

      END SELECT

      IF(IRC/=3.AND.IRC/=4.AND.IRC/=7.AND.MNUL/=0)THEN

          XX=FP(KF)+FPO(KF)

          XX1=XMAP(ISA)/XX

          XX2=SAMA(ISA)/XX

          IF(XX2>=XX1)THEN

              JRT=1

              RETURN 

          END IF

          APMU=MIN(APMU,XX1-XX2)

      END IF

      X1=APMU

    5 IF(FOC(KF)<1.E-10)THEN

          DO J=1,NBSL(ISA)

              I=LID(J,ISA)

              IF(ZFT<Z(I,ISA))EXIT

          END DO

          IF(X1<1.E-10)THEN

              X3=MAX(UNA(JJK,ISA)-TNOR(ISA),0.)

              X1=X3/FN(KF)

              IF(X1>0.)GO TO 1

              RETURN

          END IF

      END IF

      X3=X1*FN(KF)

      GO TO 12

    1 X8=FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA)

      IF(X8<1.E-10)THEN

          JRT=1

          RETURN 

      END IF

      IF(X3<=X8)GO TO 12

      X3=X8

      X1=X3/FN(KF)

   12 X2=X1*FP(KF)

      X9=X1*FK(KF)

      SOLK(I,ISA)=SOLK(I,ISA)+X9

      SMM(148,MO,ISA)=SMM(148,MO,ISA)+X9

      VAR(148,ISA)=X9

      X4=X3*FNMA(KF)

      X5=X1*FNO(KF)

      X6=X1*FPO(KF)

      X7=X3-X4

      X8=X1*FOC(KF)

      X11=X1*FSLT(KF)

      XX8=X8*WSAX

      SMM(99,MO,ISA)=SMM(99,MO,ISA)+XX8

      VAR(99,ISA)=XX8

      IF(X8<.1)THEN

          WPML(I,ISA)=WPML(I,ISA)+X2

          WNO3(I,ISA)=WNO3(I,ISA)+X7

          WNH3(I,ISA)=WNH3(I,ISA)+X4

      ELSE

          RLN=.175*X8/(X3+X5)

          X10=.85-.018*RLN

          IF(X10<.01)THEN

              X10=.01

          ELSE

              IF(X10>.7)X10=.7

          END IF   

          XX=X8*X10

          WLMC(I,ISA)=WLMC(I,ISA)+XX

          YY=X1*X10

          WLM(I,ISA)=WLM(I,ISA)+YY

          ZZ=X5*X10

          WLMN(I,ISA)=WLMN(I,ISA)+ZZ

          WLSN(I,ISA)=WLSN(I,ISA)+X5-ZZ

          XZ=X8-XX

          WLSC(I,ISA)=WLSC(I,ISA)+XZ

          WLSLC(I,ISA)=WLSLC(I,ISA)+XZ*.175

          WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

          YZ=X1-YY

          WLS(I,ISA)=WLS(I,ISA)+YZ

          WLSL(I,ISA)=WLSL(I,ISA)+YZ*.175

          !WHSC(I,ISA)=WHSC(I,ISA)+X8

          !WHSN(I,ISA)=WHSN(I,ISA)+X5

          WPMU(I,ISA)=WPMU(I,ISA)+X2

          WNMU(I,ISA)=WNMU(I,ISA)+X3

          Z1=.001*X1

          RSDM(I,ISA)=RSDM(I,ISA)+Z1

          WCOU(I,ISA)=WCOU(I,ISA)+X8

          WNOU(I,ISA)=WNOU(I,ISA)+X5

          WPOU(I,ISA)=WPOU(I,ISA)+X6

          SMM(78,MO,ISA)=SMM(78,MO,ISA)+Z1

          X53=WSAX*X5

          SMM(53,MO,ISA)=SMM(53,MO,ISA)+X53

          VAR(53,ISA)=VAR(53,ISA)+X53

          X56=WSAX*X6

          SMM(56,MO,ISA)=SMM(56,MO,ISA)+X56

          VAR(56,ISA)=VAR(56,ISA)+X56

      END IF

      ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+X3

      SMM(54,MO,ISA)=SMM(54,MO,ISA)+X7*WSAX

      SMM(55,MO,ISA)=SMM(55,MO,ISA)+X4*WSAX

      X57=WSAX*X2

      SMM(57,MO,ISA)=SMM(57,MO,ISA)+X57

      VAR(57,ISA)=VAR(57,ISA)+X57

      VAR(54,ISA)=VAR(54,ISA)+X7*WSAX

      VAR(55,ISA)=VAR(55,ISA)+X4*WSAX

      V56=VAR(56,ISA)

      V57=VAR(57,ISA)

      IF(ZFT<.01)THEN

          FSFN(ISA)=FSFN(ISA)+X5+X7+X4

          FSFP(ISA)=FSFP(ISA)+X6+X2

      END IF

      WSLT(I,ISA)=WSLT(I,ISA)+X11

      SMM(132,MO,ISA)=SMM(132,MO,ISA)+X11

      IF(IRC/=3)THEN

          FRTN(JJK,ISA)=FRTN(JJK,ISA)+X3+X5

          FRTP(JJK,ISA)=FRTP(JJK,ISA)+X2+X6

          FRTK(JJK,ISA)=FRTK(JJK,ISA)+X9

      END IF

      VAR(132,ISA)=X11

	  XX=X1*FCST(KF)

      COST(ISA)=COST(ISA)+XX

      IF(IRC==4)THEN

          Y1=COTL(JFT)

          Y2=Y1-COOP(JFT)

          COST(ISA)=COST(ISA)+Y1

          CSFX=CSFX+Y2

      END IF

      IF(KFL(31)>0)THEN

          WRITE(KW(31),34)ISA,NBSA(ISA),IYR,MO,KDA,FTNM(KF),KDC(JJK),&

          KDF(KF),IHC(JFT),NBE(JFT),NBT(JFT),XX,XX,X1

          IF(IRC==4)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JFT),&

          KDC(JJK),IHC(JFT),NBE(JFT),NBT(JFT),Y1,Y2,FULU(JFT)

      END IF

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.X1>0..AND.KFL(1)>0)THEN

          IF(IRC>1)THEN

              WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),IHD,FTNM(KF)&

              ,X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

          ELSE     

              WRITE(KW(1),25)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),NBSA(I1),&

              FTNM(KF),X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

          END IF   

      END IF

      IF(KFL(19)>0)WRITE(KW(19),22)ISA,NBSA(ISA),IYR,MO,KDA,IY,IDON&

      (ISA),IHD,FTNM(KF),X1,X3,X4,X5,X2,X6

      APMU=X1*WSA(ISA)

      IF(IRC==6)THEN

          IF(X8<.1)GO TO 15

      END IF

      IF(IRC==4.OR.IRC==7)GO TO 15

      !IF(NHRD(IOW)>0)THEN

          !IF(IAPL(ISA)==0)RETURN

      !END IF

      SMM(81,MO,ISA)=SMM(81,MO,ISA)+APMU

      VAR(81,ISA)=APMU

      SAMA(ISA)=SAMA(ISA)+X2+X6

      TMAP=TMAP+APMU

	  OMAP(IDON(ISA))=OMAP(IDON(ISA))+APMU

!	  IF(IDON(ISA)==32)THEN

!	      WRITE(KW(1),101)ISA,NBSA(ISA),IY,MO,KDA,APMU,SMNU(32),&

!	      &XMAP(ISA),SAMA(ISA)

!	  END IF

! 101 FORMAT(1X,'!!!!!',2I8,3I4,4E16.6)	  

	  IF(IRC==3)RETURN

      GO TO 16

   15 FCMN(ISA)=FCMN(ISA)+X3+X5

      FCMP(ISA)=FCMP(ISA)+X2+X6

   16 NDFA(ISA)=0

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X'HUSC=',F5.2)

   22 FORMAT(1X,2I8,1X,I4,2I2,3I4,3X,A8,F8.0,6F8.2)

   25 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'FA#=',I4,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X,'HUSC=',F5.2)

   34 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,2X,4I4,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/NFIX.f90

      SUBROUTINE NFIX

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES N FIXATION FOR LEGUMES.

      USE PARM

      IF(HUI(JJK,ISA)<.15.OR.HUI(JJK,ISA)>.75)GO TO 8

      SUM=0.

      TOT=0.

      ADD=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>.3)GO TO 3

          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

          TOT=TOT+FC(ISL,ISA)-S15(ISL,ISA)

      END DO

      GO TO 4

    3 L1=LID(J-1,ISA)

      RTO=(.3-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*RTO

      TOT=TOT+(FC(ISL,ISA)-S15(ISL,ISA))*RTO

    4 X1=SUM/TOT

      IF(X1<=.25)GO TO 8

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>RD(JJK,ISA))GO TO 6

          ADD=ADD+WNO3(ISL,ISA)

      END DO

      GO TO 7

    6 L1=LID(J-1,ISA)

      RTO=(RD(JJK,ISA)-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      ADD=ADD+WNO3(ISL,ISA)*RTO

    7 FXN=1.5-.005*ADD/RD(JJK,ISA)

      IF(FXN<=0.)GO TO 8

      FXW=1.333*X1-.333

      FXG=(HUI(JJK,ISA)-.1)*5.

      FXS=4.-5.*HUI(JJK,ISA)

      FXP=MIN(FXG,FXS,1.)

      FIXR=MIN(FXW,FXN,1.)*FXP

      WFX=FIXR*UNM

    8 WFX=PRMT(7)*WFX+(1.-PRMT(7))*UNM

      WFX=MIN(PRMT(28),WFX)

      SMM(43,MO,ISA)=SMM(43,MO,ISA)+WFX*WSA(ISA)

      UNM=UNM-WFX

      RETURN

      END






src/NFTBL.f90

      SUBROUTINE NFTBL(K)

!     APEX1501

!     THIS SUBPROGRAM READS FERTILIZER TABLE TO DETERMINE PARAMETERS OF

!     INPUT FERTILIZER

      USE PARM

      DIMENSION YTP(10)

      IF(NDF>0)THEN

          DO K=1,NDF

              IF(KDF(K)==JX(7))RETURN

          END DO

      END IF

      NDF=NDF+1

      KDF(NDF)=JX(7)

      KDF1(JX(7))=NDF

      READ(KR(9),'()')

      READ(KR(9),'()')

!     READ FERTILIZER TABLE

!  1  FTNM = FERTILIZER NAME

!  2  FN   = MINERAL N FRACTION

!  3  FP   = MINERAL P FRACTION

!  4  FK   = MINERAL K FRACTION

!  5  FNO  = ORGANIC N FRACTION

!  6  FPO  = ORGANIC P FRACTION

!  7  FNH3 = AMMONIA N FRACTION(FNH3/FN)

!  8  FOC  = ORGANIC C FRACTION

!  9  FSLT = SALT FRACTION

! 10  FCST = COST OF FERTILIZER($/KG)

      I=-1

      DO WHILE(I/=JX(7))

          READ(KR(9),395,IOSTAT=NFL)I,FTNM(NDF),(YTP(J),J=2,10)

          IF(NFL/=0)THEN

              WRITE(*,*)'FERT NO = ',JX(7),' NOT IN FERT LIST FILE     &

              SAID = ',NBSA(ISA)

              STOP

          END IF

      END DO

      FN(NDF)=YTP(2)

      FP(NDF)=YTP(3)

      FK(NDF)=YTP(4)

      FNO(NDF)=YTP(5)

      FPO(NDF)=YTP(6)

      FNMA(NDF)=YTP(7)

      FOC(NDF)=YTP(8)

      FSLT(NDF)=YTP(9)

      FCST(NDF)=YTP(10)

      REWIND KR(9)

      RETURN

  395 FORMAT(1X,I4,1X,A8,10F8.3)

      END






src/NITVOL.f90

      SUBROUTINE NITVOL(Z5)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE TRANSFORMATION FROM NH3 TO NO3, AND

!     THE VOLATILIZATION OF NH3 USING MODIFIED METHODS OF REDDY AND OF

!     THE CERES MODEL

      USE PARM

      X1=.41*((STMP(ISL,ISA)-5.)/10.)

      WSAX=WSA(ISA)

      IF(X1>0.)THEN

          IF(ISL==LID(1,ISA))THEN

              FAF=.335+.16*LOG(U10(IRF(ISA))+.2)

              AKAV=X1*FAF

          ELSE

              FCEC=MAX(PRMT(27),1.-.038*CEC(ISL,ISA))

              X2=Z5

              IF(SCLM(12)>0.)X2=MIN(X2,SCLM(12))

              FZ=1.-.5*(X2/(X2+EXP(SCRP(12,1)-SCRP(12,2)*X2)))

              AKAV=X1*FCEC*FZ

          END IF

          IF(PH(ISL,ISA)>7.)THEN

              IF(PH(ISL,ISA)>7.4)THEN

                  FPH=5.367-.599*PH(ISL,ISA)

              ELSE

                  FPH=1.

              END IF

          ELSE

              FPH=.307*PH(ISL,ISA)-1.269

          END IF    

          AKAN=X1*SUT(ISL,ISA)*FPH

          AKAV=AKAV*SUT(ISL,ISA)

          XX=AKAV+AKAN

          IF(XX>0.)THEN

              F=MIN(PRMT(80),1.-EXP(-XX))

              X1=F*WNH3(ISL,ISA)

              AVOL=X1*PRMT(72)

              SVOL=SVOL+AVOL

              IF(NTV==0)THEN

                  RNIT=X1-AVOL

                  WNH3(ISL,ISA)=WNH3(ISL,ISA)-AVOL-RNIT

                  WNO3(ISL,ISA)=WNO3(ISL,ISA)+RNIT

                  SNIT=SNIT+RNIT

              ELSE

                  F=MIN(1.,PRMT(80)*AKAN)

                  GNO2=F*WNH3(ISL,ISA)

                  WNH3(ISL,ISA)=WNH3(ISL,ISA)-GNO2-AVOL

                  WNO2(ISL,ISA)=WNO2(ISL,ISA)+GNO2

                  IF(PH(ISL,ISA)>5.5)THEN

                      IF(PH(ISL,ISA)>7.2)THEN

                          FPH=4.367-.5324*PH(ISL,ISA)

                      ELSE

                          FPH=1.

                      END IF

                  ELSE

                      FPH=.307*PH(ISL,ISA)-1.269

                  END IF

                  AKAN=X1*SUT(ISL,ISA)*FPH

                  F=MIN(1.,PRMT(80)*AKAN)

                  GNO3=F*WNO2(ISL,ISA)

                  WNO2(ISL,ISA)=WNO2(ISL,ISA)-GNO3

                  WNO3(ISL,ISA)=WNO3(ISL,ISA)+GNO3

                  SNIT=SNIT+GNO2

              END IF    

          END IF    

      END IF    

      RETURN

      END






src/NKMIN.f90

      SUBROUTINE NKMIN

!     APEX1501

!     THIS SUBPROGRAM COMPUTES K FLUX BETWEEN THE WATER SOLUBLE,

!     EXCHANGEABLE, & FIXED POOLS

      USE PARM

      RSE=(SOLK(ISL,ISA)-EXCK(ISL,ISA)*EQKS(ISL,ISA))*PRMT(98)

      REF=(EXCK(ISL,ISA)-FIXK(ISL,ISA)*EQKE(ISL,ISA))*PRMT(99)

      SOLK(ISL,ISA)=MAX(.0001,SOLK(ISL,ISA)-RSE)

      EXCK(ISL,ISA)=MAX(.0001,EXCK(ISL,ISA)+RSE-REF)

      FIXK(ISL,ISA)=FIXK(ISL,ISA)+REF

      RETURN

      END






src/NKUP.f90

      SUBROUTINE NKUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY K DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(35)>0.)X1=MIN(HUI(JJK,ISA),SCLM(35))

          CPT=(BK(4,JJK)-BK(3,JJK))*(1.-X1/(X1+EXP(BK(1,JJK)-BK(2,JJK)*X1)))+BK(3,JJK)

      ELSE

          CPT=BK(2,JJK)+BK(1,JJK)*EXP(-BK(4,JJK)*HUI(JJK,ISA))

      END IF

      UK2=CPT*DM(JJK,ISA)*1000.

      IF(UK2<UK1(JJK,ISA))UK2=UK1(JJK,ISA)

      UKM=MIN(4000.*BK(3,JJK)*DDM(JJK),UK2-UK1(JJK,ISA))

      UKM=MAX(0.,UKM)

      RETURN

      END






src/NLCH.f90

      SUBROUTINE NLCH(L1)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOL N LEACHING BY PERCOLATION AND

!     LATERAL SUBSURFACE FLOW FOR ALL LAYERS EXCEPT THE SURFACE LAYER.

      USE PARM

      real:: PFRAC,WSAX1

	  

      WSAX1=10.*WSA(ISA)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+VNO3(L1,ISA)

      WSLT(ISL,ISA)=WSLT(ISL,ISA)+VSLT(ISA)

      WPML(ISL,ISA)=WPML(ISL,ISA)+VAP(ISA)

      WPMU(ISL,ISA)=WPMU(ISL,ISA)+VPU(ISA)

      SSFN=0.

      SSFK=0.

      VNO3(ISL,ISA)=0.

      VAP(ISA)=0.

      VPU(ISA)=0.

      VSLT(ISA)=0.

      SSST=0.

      QSFN=0.

      QSFP=0.

      VH=QSF(ISL,ISA)+CPFH(ISL,ISA)

      V=PKRZ(ISL)+SSF(ISL,ISA)+VH !mm Jaehak 2023

      IF(V>0.)THEN 

          X2=PO(ISL,ISA)*PRMT(4)*(1.-.01*ROK(ISL,ISA))**2   

          VP=V/X2

          IF(VP>5.)THEN

              X1=.99

          ELSE

              X1=1.-EXP(-VP)

          END IF

          IF(WNO3(ISL,ISA)>0.)THEN

              VQN=WNO3(ISL,ISA)*X1

              VQNU=WNMU(ISL,ISA)*X1

              VV=(VQN+VQNU)/(V+1.E-5)

              IF(WNO3(ISL,ISA)<VQN)VQN=WNO3(ISL,ISA)

              WNO3(ISL,ISA)=WNO3(ISL,ISA)-VQN

              IF(WNMU(ISL,ISA)<VQNU)VQNU=WNMU(ISL,ISA)

              WNMU(ISL,ISA)=WNMU(ISL,ISA)-VQNU

              VNO3(ISL,ISA)=VV*PKRZ(ISL)

              SSFN=VV*SSF(ISL,ISA)

              QSFN=VV*VH

          END IF

          IF(SOLK(ISL,ISA)>0.)THEN

              X3=SOLK(ISL,ISA)*X1

              SOLK(ISL,ISA)=SOLK(ISL,ISA)-X3

              CK1=X3/(V+1.E-5)

              VSK(ISA)=CK1*PKRZ(ISL)

              SSFK=CK1*(SSF(ISL,ISA)+VH)

          END IF

          IF(WSLT(ISL,ISA)>0.)THEN

              X3=WSLT(ISL,ISA)*X1

              WSLT(ISL,ISA)=MAX(1.E-5,WSLT(ISL,ISA)-X3)

              CS1=X3/(V+1.E-5)

              VSLT(ISA)=CS1*PKRZ(ISL)

              SSST=CS1*(SSF(ISL,ISA)+VH)

          END IF 

          IF(WPML(ISL,ISA)>0..OR.WPMU(ISL,ISA)>0.)THEN

              X1=CLA(ISL,ISA)

              IF(SCLM(29)>0.)X1=MIN(X1,SCLM(29))

              F=X1/(X1+EXP(SCRP(29,1)-SCRP(29,2)*X1))

              DK=F*PRMT(96)

              XX=MIN(.75,V/(WT(ISL,ISA)*DK))

              IF(LBP==0)THEN

	              ! GLEAMS LINEAR EQ

	              X3=XX*(WPML(ISL,ISA)+WPMU(ISL,ISA)) !manure portion is added, jaehak 2020

              ELSE

                  ! LANGMUIR EQ SOLUTION

                  X2=(WPML(ISL,ISA)+WPMU(ISL,ISA)) !manure portion is added, jaehak 2020

                  QQ=MIN(.1*V,5.)

                  AD1=0.

                  AD2=0.

                  QT=0.

                  IND=0

                  !WRITE(KW(1),'(T10,A,3I4,A,F8.3)')'Y-M-D',IY,MO,KDA,' QVOL=',V

                  DO 

                      AD1=AD1+QQ

                      IF(AD1>V)THEN

                          AD1=AD1-QQ

                          QQ=V-AD1

                          AD1=V

                          IND=1

                      END IF    

                      CS=1000.*X2/WT(ISL,ISA)

                      X1=MAX(1.,CPMX(ISA)-CS)

	                  CL=10.*CS/(PRMT(96)*X1)    

	                  QT=.01*CL*QQ

	                  AD2=AD2+QT

	                  !WRITE(KW(1),2)WPML(ISL,ISA),CS,CL,QT,AD1,AD2

	                  IF(IND>0)EXIT

	                  X2=X2-QT

                  END DO    

                  X3=AD2

              END IF    

              IF(X3>WPML(ISL,ISA)+WPMU(ISL,ISA)) X3=WPML(ISL,ISA)+WPMU(ISL,ISA)

              PFRAC = WPML(ISL,ISA)/(WPML(ISL,ISA)+WPMU(ISL,ISA))

              VAP(ISA)=X3*PFRAC*PKRZ(ISL)/V

              VPU(ISA)=X3*(1.-PFRAC)*PKRZ(ISL)/V

              QSFP=X3*QSF(ISL,ISA)/V

              WPML(ISL,ISA)=WPML(ISL,ISA)-QSFP*PFRAC-VAP(ISA)  !subtract lateral and vertical loss of soluble P from the soil layer

              WPMU(ISL,ISA)=WPMU(ISL,ISA)-QSFP*(1.-PFRAC)-VPU(ISA)

          END IF

      END IF

      RETURN

      END






src/NLGB.f90

      SUBROUTINE NLGB(WTI,WTO,SOFU,WTB,WTE,ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE LAGOON MANURE BALANCE.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=WTB+WTI-WTO-SOFU-WTE

	  PER=200.*DF/(WTB+WTE)

!	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),1)PER,DF,WTB,WTI,WTO,SOFU,WTE     

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'WTB =',E13.6,2X,&

      'WTI =',E13.6,2X,'WTO =',E13.6,2X,'OFMU=',E13.6/5X,'WTE =',E13.6)

    2 FORMAT(/T10,'LAGOON MANURE BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/NLIMA.f90

      SUBROUTINE NLIMA(SB,DSB,C1,PH,ALS,OC,BSA)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES ALUMINUM SATURATION USING BASE SATURA-

!     TION, ORGANIC C, AND PH.

      SB=SB-DSB

      IF(SB<.02)SB=.02

      BSA=C1*SB

      IF(PH>5.6)THEN

          ALS=0.

      ELSE

          ALS=154.2-1.017*BSA-3.173*OC-14.23*PH

          IF(ALS<0.)THEN

              ALS=0.

          ELSE

              IF(ALS>95.)ALS=95.

          END IF

      END IF    

      RETURN

      END






src/NLIME.f90

      SUBROUTINE NLIME

!     APEX1501

!     THIS SUBPROGRAM APPLIES LIME WHEN THE SUM OF THE SOIL LIME REQUIRE

!     MENT AND ACCUMULATED LIME REQUIREMENT CAUSED BY N FERTILIZER EX-

!     CEED 4 t/ha.

      USE PARM

      OC=0.

      TOT=0.

      XZ=0.

      ZZ=0.

      XX=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          IF(Z(L,ISA)>BIG(ISA))EXIT

          XY=WT(L,ISA)

          OC=OC+WOC(L,ISA)*XY

          XZ=XZ+CEC(L,ISA)*XY

          TOT=TOT+PH(L,ISA)*XY

          ZZ=ZZ+SMB(L,ISA)*XY

          XX=XX+XY

      END DO

      IF(J>NBSL(ISA))THEN

          J=NBSL(ISA)

          L=LID(J,ISA)

      ELSE    

          L1=LID(J-1,ISA)

          W3=Z(L,ISA)-Z(L1,ISA)

          W2=BIG(ISA)-Z(L1,ISA)

          RTO=W2*WT(L,ISA)/W3

          OC=OC+RTO*WOC(L,ISA)

          TOT=TOT+RTO*PH(L,ISA)

          ZZ=ZZ+RTO*SMB(L,ISA)

          XZ=XZ+RTO*CEC(L,ISA)

          XX=XX+RTO

      END IF    

      XZ=XZ/XX

      OC=OC/XX

      TOT=TOT/XX

      ZZ=ZZ/XX

      XY=.001*XX

      X1=SMY(54,ISA)+SMY(55,ISA)

      DSB=.036*(SMY(43,ISA)+X1-SMFN(ISA))/XX

      SMFN(ISA)=X1

      BS=100./XZ

      TOT=TOT-.05*DSB*BS

      CALL NLIMA(ZZ,DSB,BS,TOT,ALSX,OC,BSA)

      IF(TOT>6.5)GO TO 6

      IF(IDS(ISA)/=4)GO TO 5

      EAL=.01*ALSX*XZ

      TLA=EAL*XY

      IF(TLA<1.)GO TO 6

      TOT=5.4

      CALL NLIMA(ZZ,-EAL,BS,TOT,ALSX,OC,BSA)

      GO TO 7

    5 DBS=MIN((6.5-TOT)/.023,90.-BSA)

      ALN=0.

      TLA=DBS*XY/BS

      IF(TLA<2..AND.TOT>5.)GO TO 6

      PHN=6.5

      BSA=(BSA+DBS)/BS

      GO TO 8

    6 TLA=0.

    7 ALN=ALSX

      PHN=TOT

      BSA=ZZ

    8 DO K=1,J

          L=LID(K,ISA)

          TOT=SMB(L,ISA)

          XZ=PH(L,ISA)

          ALSX=ALS(L,ISA)

          SMB(L,ISA)=BSA

          PH(L,ISA)=PHN

          ALS(L,ISA)=ALN

      END DO          

      IF(J==NBSL(ISA))RETURN

      L=LID(J,ISA)

      W1=Z(L,ISA)-BIG(ISA)

      SMB(L,ISA)=(W1*TOT+W2*SMB(L,ISA))/W3

      PH(L,ISA)=(W1*XZ+W2*PH(L,ISA))/W3

      ALS(L,ISA)=(W1*ALSX+W2*ALS(L,ISA))/W3

      RETURN

      END






src/NMULCH.f90

      SUBROUTINE NMULCH(KTX)

!     APEX1501

!     THIS SUBPROGRAM APPLIES MULCH TO THE SOIL SURFACE AT SPECIFIED DATES AND

!     RATES.

      USE PARM

      I=LID(1,ISA)

      WSAX=WSA(ISA)

      X1=WMUCH(IRO(ISA),KTX,ISA)

      X8=.42*X1

      X3=X8*WSAX

      SMM(73,MO,ISA)=SMM(73,MO,ISA)+X3

      VAR(73,ISA)=VAR(73,ISA)+X3

      X2=X8/50.

      ZZ=.5*X2

      WLMN(I,ISA)=WLMN(I,ISA)+ZZ

      WLSN(I,ISA)=WLSN(I,ISA)+ZZ

      X2=X2*WSAX

      SMM(53,MO,ISA)=SMM(53,MO,ISA)+X2

      VAR(53,ISA)=VAR(53,ISA)+X2

      XX=.5*X8

	  WLMC(I,ISA)=WLMC(I,ISA)+XX

	  YY=.5*X1

	  WLM(I,ISA)=WLM(I,ISA)+YY

	  WLSC(I,ISA)=WLSC(I,ISA)+XX

	  WLSLC(I,ISA)=WLSLC(I,ISA)+XX*.175

	  WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

	  WLS(I,ISA)=WLS(I,ISA)+YY

	  WLSL(I,ISA)=WLSL(I,ISA)+YY*.175

      WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,X1,XHSM(ISA)

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'MULCH ADDED RATE=',F8.0,'kg/ha',&

      1X,'HUSC=',F5.2)

      END






src/NPCY.f90

      SUBROUTINE NPCY

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER NUTRIENT CYCLING SUBROUTINE.

!     CALLS NPMIN, NYNIT, NLCH, NCNMI, AND NDNIT FOR EACH SOIL

!     LAYER.

      USE PARM 

      WSAX=WSA(ISA) 

      STDX=0.

      DO K=1,LC

          STDX=STDX+STD(K,ISA)

      END DO          

      SGMN=0.

      SN2=0.

      SMP=0.

      SNIT=0.

      TRSP=0.

      TSFS=0.

      WBMX=0.

      IRTO=0

      QDRN=0.

      LD1=LID(1,ISA)

      XX=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          RSPC(ISL,ISA)=0.

          RNMN(ISL,ISA)=0.

          WDN=0.

          X1=SWST(ISL,ISA)-S15(ISL,ISA)

          IF(X1<0.)THEN

              SUT(ISL,ISA)=.1*(SWST(ISL,ISA)/S15(ISL,ISA))**2

          ELSE

              SUT(ISL,ISA)=.1+.9*SQRT(X1/(FC(ISL,ISA)-S15(ISL,ISA)))

          END IF    

          CALL NPMIN

          CALL NKMIN

          IF(ISL/=LID(1,ISA))THEN

              L1=LID(J-1,ISA) 

              CALL NLCH(L1)

          ELSE

              ZZ=MIN(.5,PRMT(76)*(1.+.1*RFV(IRF(ISA))))

              IF(STDX+STDO(ISA)>.001)CALL NSTDFAL(ZZ)

              CALL NYNIT

          END IF    

          IF(ISL/=IDR(ISA))THEN

              QRFN(IDO)=QRFN(IDO)+QSFN

              SMM(84,MO,ISA)=SMM(84,MO,ISA)+QSFN

              QRFP(IDO)=QRFP(IDO)+QSFP

              SMM(142,MO,ISA)=SMM(142,MO,ISA)+QSFP

          ELSE

              SMM(47,MO,ISA)=SMM(47,MO,ISA)+QSFN

              QDRN(IDO)=QSFN

              VAR(47,ISA)=QSFN

              SMM(143,MO,ISA)=SMM(143,MO,ISA)+QSFP

              QDRP(IDO)=QSFP

              VAR(143,ISA)=QSFP

          END IF

          TSFN(IDO)=TSFN(IDO)+SSFN

          TSFK(IDO)=TSFK(IDO)+SSFK

          TSFS=TSFS+SSST

          Z5=500.*(Z(ISL,ISA)+XX)

          IF(WNH3(ISL,ISA)>.01)CALL NITVOL(Z5)

          IF(STMP(ISL,ISA)>0..AND.LUNS(ISA)/=35)THEN

              X1=STMP(ISL,ISA)

              IF(SCLM(14)>0.)X1=MIN(X1,SCLM(14))

              CDG(ISL,ISA)=X1/(X1+EXP(SCRP(14,1)-SCRP(14,2)*X1))

              X1=MIN(20.,EXP(PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))))

              X2=Z5

              IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

              OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

              IF(IDNT>2.AND.CGO2(LID(1,ISA),ISA)>0..AND.IOX==2)OX=CGO2(ISL,ISA)&

              /CGO2(LID(1,ISA),ISA)

              X2=SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*OX

              CS=MIN(10.,X2*PRMT(70)*X1)

	          CALL NRSPC(CS)

              CALL NPMN(CS)

              X3=1.

              !IF(SWST(ISL,ISA)>1.1*FC(ISL,ISA))X3=0.

              IF(ISL==LD1)THEN

                  X4=RSD(LD1,ISA)

                  IF(SCLM(27)>0.)X4=MIN(X4,SCLM(27))

                  F=1.+10.*X4/(X4+EXP(SCRP(27,1)-SCRP(27,2)*X4))

              ELSE

                  F=1.

              END IF

              IF(Z(ISL,ISA)<ZMIX)THEN

                  X1=Z(ISL,ISA)-XX

                  WBMX=WBMX+X1*X2*X3*F

              ELSE

                  IF(IRTO==0)THEN

                      RTO=(ZMIX-XX)/(Z(ISL,ISA)-XX)

                      X1=ZMIX-XX

                      WBMX=WBMX+X1*X2*RTO*X3

                      IRTO=1

                  END IF    

              END IF    

              SMP=SMP+WMP

              IF(IDNT<3)THEN

	              DZA=1000.*(Z(ISL,ISA)-XX)

	              IF(IDNT==2)THEN

	                  CALL NDNITAK(DZA)

	              ELSE

	                  WDN=0.

	                  DN2=0.

	                  DN2O=0.

	                  CALL NDNIT

	                  SN2=SN2+DN2

	              END IF  

	              SDN=SDN+WDN

	              SN2O=SN2O+DN2O

	          END IF

          END IF

          XX=Z(ISL,ISA)

      END DO

      WBMX=WBMX*PRMT(29)/ZMIX

      GWSN(ISA)=GWSN(ISA)+VNO3(LNS,ISA)*WSAX

      TSFN(IDO)=TSFN(IDO)*WSAX

      QRFN(IDO)=QRFN(IDO)*WSAX

      QDRN(IDO)=QDRN(IDO)*WSAX

      VAR(80,ISA)=RSFN(IDO)

      SMM(80,MO,ISA)=SMM(80,MO,ISA)+RSFN(IDO)

      X51=WSAX*(VAP(ISA)+VPU(ISA))

      SMM(51,MO,ISA)=SMM(51,MO,ISA)+X51

      VAR(51,ISA)=X51

      SMM(133,MO,ISA)=SMM(133,MO,ISA)+VSLT(ISA)

      SMM(152,MO,ISA)=SMM(152,MO,ISA)+VSK(ISA) 

      RETURN

      END






src/NPMIN.f90

      SUBROUTINE NPMIN

!     APEX1501

!     THIS SUBPROGRAM COMPUTES P FLUX BETWEEN THE SOL, ACTIVE MINERAL

!     AND STABLE MINERAL P POOLS.

      USE PARM

      RTO=MIN(.8,PSP(ISL,ISA)/(1.-PSP(ISL,ISA)))

      RMN=PRMT(84)*(WPML(ISL,ISA)-WPMA(ISL,ISA)*RTO)

      X1=4.*WPMA(ISL,ISA)-WPMS(ISL,ISA)

      IF(X1>500.)THEN

          ROC=10.**(LOG10(BPT(ISL,ISA))+LOG10(X1))

      ELSE

          ROC=BPT(ISL,ISA)*X1

      END IF

      ROC=PRMT(85)*ROC

      WPMS(ISL,ISA)=WPMS(ISL,ISA)+ROC

      WPMA(ISL,ISA)=WPMA(ISL,ISA)-ROC+RMN

      WPML(ISL,ISA)=WPML(ISL,ISA)-RMN

      RETURN

      END






src/NPMN.f90

      SUBROUTINE NPMN(CS)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION P USING PAPRAN EQS

      USE PARM

      TKG=RSD(ISL,ISA)*1000.

      !AD1=WPML(ISL,ISA)+WPO(ISL,ISA)+FOP(ISL,ISA)+WPOU(ISL,ISA)

      HMP=DHN(ISL,ISA)*WPO(ISL,ISA)/(WHSN(ISL,ISA)+WHPN(ISL,ISA))

      !HMP=.125*DHN(ISL,ISA)

      R4=.58*TKG

      X1=MAX(1.,FOP(ISL,ISA)+WPML(ISL,ISA))

      CPR=MIN(2000.,R4/X1)

      CPRF=EXP(-.693*(CPR-200.)/200.)

      DECR=MAX(.01,.05*CPRF*CS)

      RMP=DECR*FOP(ISL,ISA)

      RMPU=DECR*WPOU(ISL,ISA)

	  IF(WPOU(ISL,ISA)>1.E-5)THEN

		  WPOU(ISL,ISA)=WPOU(ISL,ISA)-RMPU

	  ELSE

		  RMPU=WPOU(ISL,ISA)

		  WPOU(ISL,ISA)=0.

	  END IF

	  IF(FOP(ISL,ISA)>1.E-5)THEN

		  FOP(ISL,ISA)=FOP(ISL,ISA)-RMP

	  ELSE

		  RMP=FOP(ISL,ISA)

		  FOP(ISL,ISA)=0.

	  END IF

	  X2=.8*(RMP+RMPU)

      WMP=X2+HMP

      X1=WPML(ISL,ISA)+WMP

	  IF(X1<0.)THEN

		  WMP=-WPML(ISL,ISA)

		  HMP=WMP-X2

		  WPML(ISL,ISA)=0.

      ELSE

		  WPML(ISL,ISA)=WPML(ISL,ISA)+WMP

	  END IF

      WPO(ISL,ISA)=WPO(ISL,ISA)-HMP+.2*(RMP+RMPU)

      !AD2=WPML(ISL,ISA)+WPO(ISL,ISA)+FOP(ISL,ISA)+WPOU(ISL,ISA)	

      !DF=AD1-AD2

      !IF(ABS(DF)>.0001)WRITE(KW(1),1)IY,MO,KDA,ISA,ISL,AD1,AD2,WPML(ISL,ISA),&

      !WPO(ISL,ISA),FOP(ISL,ISA),WPOU(ISL,ISA),HMP,RMP,RMPU,WMP,DF

    !1 FORMAT('!!!!!',5I4,20E13.5)  

      RETURN

      END






src/NPUP.f90

      SUBROUTINE NPUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY P DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(34)>0.)X1=MIN(HUI(JJK,ISA),SCLM(34))

          CPT=(BP(4,JJK)-BP(3,JJK))*(1.-X1/(X1+EXP(BP(1,JJK)-BP(2,JJK)*X1)))+BP(3,JJK)

      ELSE

          CPT=BP(2,JJK)+BP(1,JJK)*EXP(-BP(4,JJK)*HUI(JJK,ISA))

      END IF

      UP2=CPT*DM(JJK,ISA)*1000.

      IF(UP2<UP1(JJK,ISA))UP2=UP1(JJK,ISA)

      UPM=MIN(4000.*BP(3,JJK)*DDM(JJK),UP2-UP1(JJK,ISA))

      UPM=MAX(0.,UPM)

      RETURN

      END






src/NRSPC.f90

      SUBROUTINE NRSPC(CS)

      ! APEX1501

      ! THIS SUBPROGRAM SIMULATES C RESPIRATION USING EQUATIONS TAKEN 

      ! FROM CENTURY.

      USE PARM

      LD1=LID(1,ISA)

      XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

!     AD1=WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+XZ

      RLR=WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)

      IF(RLR>.8)THEN

          RLR=.8

      ELSE

          IF(RLR<.1)RLR=.1

      END IF    

	  APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

      ELSE

          ABCO2=.17+.0068*SAN(ISL,ISA)

          A1CO2=.55

          RBM=.02

          RLM=.0507

          RLS=.0132

          XBM=.25+.0075*SAN(ISL,ISA)

          HPNC=WHPN(ISL,ISA)/WHPC(ISL,ISA) 

      END IF

      BMNC=WBMN(ISL,ISA)/WBMC(ISL,ISA)

      HSNC=WHSN(ISL,ISA)/WHSC(ISL,ISA)

      WLMC(ISL,ISA)=MAX(.01,WLMC(ISL,ISA))

      XLMNC=WLMN(ISL,ISA)/WLMC(ISL,ISA)

      WLSC(ISL,ISA)=MAX(.01,WLSC(ISL,ISA))

      XLSNC=WLSN(ISL,ISA)/WLSC(ISL,ISA)

      ABP=.003+.00032*CLA(ISL,ISA)

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      ! TRANSFORMATION STRUCTURAL LITTER WBM 2012-11-22

      ! CR = scaling factor for decomposition (0 - 1) basewd BMNC and &

      ! ratio of NC-substrate/Yield. 

      CRX=1.-(CRUNC-BMNC)/(CRUNC-CRLNC)

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(WLSN(ISL,ISA)/(WLSC(ISL,ISA)*(1-RLR))/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      X1=RLS*CS*CR*EXP(-3.*RLR)

      X2=1.-RLR

      TLSLNCA=X1*WLSC(ISL,ISA)*X2

      TLSLCA=TLSLNCA*RLR/X2

      TLSCA=TLSLNCA/X2

      TLSNA=TLSCA*XLSNC

      ! TRANSFORMATIONS METABOLIC LITTER; SIX LINES BELOW ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(XLMNC/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      X1=RLM*CS*CR

      TLMCA=WLMC(ISL,ISA)*X1

      TLMNA=TLMCA*XLMNC

      ! TRANSFORMATIONS MICROBIAL BIOMASS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(BMNC/(1.-ABCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      TBMCA=WBMC(ISL,ISA)*RBM*CS*CR*XBM

      TBMNA=TBMCA*BMNC

      ! TRANSFORMATION OF SLOW HUMUS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HSNC/(1.-ASCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      THSCA=WHSC(ISL,ISA)*RHS*CS*CR

      THSNA=THSCA*HSNC

      ! TRANSFORMATIONS OF PASSIVE HUMUS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HPNC/APX>BMNC.OR.BMNC>CRUNC)CR=1.

      THPCA=WHPC(ISL,ISA)*CS*CR*RHP

      THPNA=THPCA*HPNC

      IF(ISL==LD1) THEN

          RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA)

      ELSE

          RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA+&

          APCO2*THPCA)

      END IF    

      RETURN

      END






src/NSTDFAL.f90

      SUBROUTINE NSTDFAL(ZZ)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE CONVERSION OF STANDING DEAD CROP

!     RESIDUE TO FLAT RESIDUE.

      USE PARM

      LD1=LID(1,ISA)

      SUM=0.

      TOT=0.

      DO K=1,LC

          IF(STD(K,ISA)<.001)CYCLE

          Z1=ZZ*STD(K,ISA)

          STD(K,ISA)=STD(K,ISA)-Z1

          SUM=SUM+Z1

          Z2=ZZ*STDN(K,ISA)

          STDN(K,ISA)=MAX(1.E-5,STDN(K,ISA)-Z2)

          TOT=TOT+Z2

          Z3=ZZ*STDP(K,ISA)

          STDP(K,ISA)=STDP(K,ISA)-Z3

          FOP(LD1,ISA)=FOP(LD1,ISA)+Z3

          ZS=ZZ*STDK(K,ISA)

          SOLK(LD1,ISA)=SOLK(LD1,ISA)+ZS

          STDK(K,ISA)=MAX(1.E-5,STDK(K,ISA)-ZS)

          Z4=ZZ*STDL(K,ISA)

          STDL(K,ISA)=MAX(1.E-5,STDL(K,ISA)-Z4)

      END DO

      ZZ=MIN(1.,ZZ*10.)

      ZS=ZZ*STDO(ISA)

      STDO(ISA)=MAX(1.E-5,STDO(ISA)-ZS)

      SUM=SUM+ZS

      ZS=ZZ*STDON(ISA)

      TOT=TOT+ZS

      CALL NCNSTD(SUM,TOT,LD1)

      STDON(ISA)=MAX(1.E-5,STDON(ISA)-ZS)

      ZS=ZZ*STDOP(ISA)

      FOP(LD1,ISA)=FOP(LD1,ISA)+ZS

      STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-ZS)

      ZS=ZZ*STDOK(ISA)

      SOLK(LD1,ISA)=SOLK(LD1,ISA)+ZS

      STDOK(ISA)=MAX(1.E-5,STDOK(ISA)-ZS)

      RETURN

      END






src/NUP.f90

      SUBROUTINE NUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY N DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(33)>0.)X1=MIN(HUI(JJK,ISA),SCLM(33))

          CNT(JJK,ISA)=(BN(4,JJK)-BN(3,JJK))*(1.-X1/(X1+EXP(BN(1,JJK)-BN(2,JJK)*X1)))+BN(3,JJK)

      ELSE

          CNT(JJK,ISA)=BN(2,JJK)+BN(1,JJK)*EXP(-BN(4,JJK)*HUI(JJK,ISA))

      END IF

      UN2=CNT(JJK,ISA)*DM(JJK,ISA)*1000.

      IF(UN2<UN1(JJK,ISA))UN2=UN1(JJK,ISA)

      UNM=MIN(4000.*BN(3,JJK)*DDM(JJK),UN2-UN1(JJK,ISA))

      UNM=MAX(0.,UNM)

      RETURN

      END






src/NUSE.f90

      SUBROUTINE NUSE

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY POTENTIAL SOIL SUPPLY OF P

!     FOR EACH LAYER.

      USE PARM

      XX=1.5*UPM/RW(JJK,ISA)

      DO J=1,LRD(ISA)

          ISL=LID(J,ISA)

          UN(ISL)=WNO3(ISL,ISA)*UW(ISL)/(SWST(ISL,ISA)+.001)

          SUN=SUN+UN(ISL)

          F=1000.*WPML(ISL,ISA)/WT(ISL,ISA)

          IF(F>30.)THEN

              F=1.

          ELSE

              IF(SCLM(11)>0.)F=MIN(F,SCLM(11))

              F=F/(F+EXP(SCRP(11,1)-SCRP(11,2)*F))

          END IF

          UP(ISL)=XX*F*RWT(ISL,JJK,ISA)

          X1=WPML(ISL,ISA)+WPMU(ISL,ISA)

          IF(UP(ISL)>=X1)UP(ISL)=.9*X1

          SUP=SUP+UP(ISL)

      END DO

      RETURN

      END






src/NUTS.f90

      SUBROUTINE NUTS(U1,U2,UU)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE PLANT STRESS FACTOR CAUSED BY LIMIT

!     SUPPLY OF N OR P.

      USE PARM

      UU=200.*(U1/(U2+1.E-10)-.5)

      IF(UU>0.)THEN

	      IF(UU>99.)THEN

	          UU=1.

          ELSE

              IF(SCLM(8)>0.)UU=MIN(UU,SCLM(8))

              UU=UU/(UU+EXP(SCRP(8,1)-SCRP(8,2)*UU))

	      END IF

      ELSE

          UU=0.

      END IF    

      RETURN

      END






src/NYNIT.f90

      SUBROUTINE NYNIT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOL N LEACHING BY PERCOLATION AND

!     LATERAL SUBSURFACE FLOW AND SOL N LOSS IN RUNOFF FOR THE SURFACE

!     LAYER

      USE PARM

      LD1=LID(1,ISA)

      WSAX=SALA(ISA) !effective draiange area, Jaehak 2023

      IF(WSAX>0.01)THEN

        QMM=.1*QVOL(IDO)/WSAX

      ELSE

        QMM=0

      ENDIF

      

      WNO3(LD1,ISA)=WNO3(LD1,ISA)+VNO3(LD1,ISA)

      WSLT(LD1,ISA)=WSLT(LD1,ISA)+VSLT(ISA)

      VH=QSF(LD1,ISA)+CPFH(LD1,ISA)

      V=PKRZ(LD1)+QMM+SSF(LD1,ISA)+VH

      VNO3(LD1,ISA)=0.

      SSFN=0.

      SSFK=0.

      QSFN=0.

      VSLT(ISA)=0.

      SSST=0.

      VSK(ISA)=0.

      IF(V>0.)THEN

          X2=V/(PRMT(4)*PO(LD1,ISA))

          IF(X2>10.)THEN

		      X3=.99

	      ELSE

		      X3=1.-EXP(-X2)

	      END IF

	      X4=PKRZ(LD1)+PRMT(14)*(QMM+SSF(LD1,ISA)+VH)

          IF(WNO3(LD1,ISA)>0.)THEN

              VQN=WNO3(LD1,ISA)*X3

              VQNU=WNMU(LD1,ISA)*X3

              CO=(VQN+VQNU)/X4

			  CS=PRMT(14)*CO

			  QN(IDO)=QN(IDO)+WSAX*(QMM*CS*(1.-URBF(ISA)))+URBF(ISA)*QURB&

			  (IDO)*.0005

			  VNO3(LD1,ISA)=PKRZ(LD1)*CO

			  SSFN=CS*SSF(LD1,ISA)

			  QSFN=CS*VH

			  WNO3(LD1,ISA)=WNO3(LD1,ISA)-VQN

			  WNMU(LD1,ISA)=MAX(0.,WNMU(LD1,ISA)-VQNU)

          END IF

		  IF(SOLK(LD1,ISA)>0.)THEN

              X1=SOLK(LD1,ISA)*X3

              SOLK(LD1,ISA)=SOLK(LD1,ISA)-X1

              COK=X1/X4

              CSK=PRMT(14)*COK

              VSK(ISA)=COK*PKRZ(LD1)

              SSFK=CSK*SSF(LD1,ISA)

              QSK=CSK*QMM

              SMM(150,MO,ISA)=SMM(150,MO,ISA)+QSK

              VAR(150,ISA)=QSK

          END IF

          IF(WSLT(LD1,ISA)>0.)THEN

			  X5=(WSLT(LD1,ISA)+1.E-5)*X3

			  COSL=X5/X4

			  CSSL=PRMT(14)*COSL

			  SSST=CSSL*SSF(LD1,ISA)

			  VSLT(ISA)=COSL*PKRZ(LD1)

			  QSLT=CSSL*QMM

			  SMM(130,MO,ISA)=SMM(130,MO,ISA)+QSLT

			  VAR(130,ISA)=QSLT

			  WSLT(LD1,ISA)=WSLT(LD1,ISA)-X5

		  END IF

      END IF		  

      RETURN

      END






src/NYON.f90

      SUBROUTINE NYON

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY ORGANIC N AND HUMUS LOSS, GIVEN

!     SOIL LOSS AND ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      TOT=WHPN(LD1,ISA)+WHSN(LD1,ISA)+WBMN(LD1,ISA)+WLMN(LD1,ISA)+WLSN&

      (LD1,ISA)

      YN(IDO)=YEW*TOT

      YNWN(IDO)=YEWN*TOT

      X1=MAX(1.E-5,1.-YEW-YEWN)

      WBMN(LD1,ISA)=WBMN(LD1,ISA)*X1

      WHSN(LD1,ISA)=WHSN(LD1,ISA)*X1

      WHPN(LD1,ISA)=WHPN(LD1,ISA)*X1

      WLSN(LD1,ISA)=WLSN(LD1,ISA)*X1

      WLMN(LD1,ISA)=MAX(.001,WLMN(LD1,ISA)*X1)

      X4=YMNU(IDO)*WNOU(LD1,ISA)/(RSDM(LD1,ISA)+1.E-10)

      YNOU(IDO)=MIN(X4,.5*WNOU(LD1,ISA))

      WNOU(LD1,ISA)=WNOU(LD1,ISA)-YNOU(IDO)

      YN(IDO)=WSA(ISA)*(YN(IDO)+YNOU(IDO))

      YNWN(IDO)=WSA(ISA)*YNWN(IDO)

      RETURN

      END






src/NYPA.f90

      SUBROUTINE NYPA

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY P & K LOSS, GIVEN SOIL LOSS AND

!     ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      QPU(IDO)=0.

      WSAX=WSA(ISA) 

      IF(SALA(ISA)<0.001)THEN !Subarea is flooded by the reservoir

        VAR(149,ISA)=0

        QMM=0

      ELSE

        QMM=.1*QVOL(IDO)/SALA(ISA)

      ENDIF

      X2=WPML(LD1,ISA)

      !AD1=X2+WPMA(LD1,ISA)+WPO(LD1,ISA)

      YP(IDO)=YEW*WPO(LD1,ISA)**PRMT(32)

      YPWN(IDO)=YEWN*WPO(LD1,ISA)

      X4=MIN(WPOU(LD1,ISA),YMNU(IDO)*WPOU(LD1,ISA)/(RSDM(LD1,ISA)+1.E-10))

      YPOU(IDO)=X4

      WPOU(LD1,ISA)=WPOU(LD1,ISA)-X4

      WPO(LD1,ISA)=WPO(LD1,ISA)-YP(IDO)-YPWN(IDO)

      YP(IDO)=YP(IDO)+X4

      QAPY=YEW*X2

      APWN=YEWN*X2

      X2=X2-QAPY-APWN

      X1=EXCK(LD1,ISA)*YEW

      EXCK(LD1,ISA)=EXCK(LD1,ISA)-X1

      X3=FIXK(LD1,ISA)*YEW

      FIXK(LD1,ISA)=FIXK(LD1,ISA)-X3

      VAR(149,ISA)=X1+X3

      SMM(149,MO,ISA)=SMM(149,MO,ISA)+X1+X3

      VH=QSF(LD1,ISA)+CPFH(LD1,ISA)

      V=QMM+PKRZ(LD1)+SSF(LD1,ISA)+VH

      IF(V>0.)THEN

          V5=5.*V

          X1=MAX(V5,WT(LD1,ISA)*PRMT(8))

          XZ=MAX(V5,WT(LD1,ISA))

          VPU(ISA)=MIN(.5*WPMU(LD1,ISA),WPMU(LD1,ISA)*PKRZ(LD1)/XZ)

	      WPMU(LD1,ISA)=MAX(0.,WPMU(LD1,ISA)-VPU(ISA))

	      IF(QMM>0.)THEN

	          ! SOLUBLE P RUNOFF

	          XX=QMM/X1

	          IF(LBP==0)THEN

	              ! GLEAMS LINEAR EQ

                  QP(IDO)=X2*XX

              ELSE

                  ! LANGMUIR EQ SOLUTION

                  QQ=MIN(.1*QMM,5.)

                  AD1=0.

                  AD2=0.

                  QT=0.

                  IND=0

                  X5=X2

                  !WRITE(KW(1),'(T10,A,3I4,A,F8.3)')'Y-M-D',IY,MO,KDA,' QVOL=',QVOL(IDO)

                  DO 

                      AD1=AD1+QQ

                      IF(AD1>QMM)THEN

                          AD1=AD1-QQ

                          QQ=QMM-AD1

                          AD1=QMM

                          IND=1

                      END IF    

                      CS=1000.*X5/WT(LD1,ISA)

                      X1=MAX(1.,CPMX(ISA)-CS)

	                  CL=10.*CS/(PRMT(8)*X1)    

	                  QT=.01*CL*QQ

	                  AD2=AD2+QT

	                  !WRITE(KW(1),2)X5,CS,CL,QT,AD1,AD2

	                  IF(IND>0)EXIT

                      X5=X5-QT

	              END DO    

                  QP(IDO)=AD2

	          END IF

	          ! SOLUBLE P RUNOFF FROM MANURE

              QPU(IDO)=WPMU(LD1,ISA)*XX*(1.-URBF(ISA))

              QP(IDO)=QP(IDO)*(1.-URBF(ISA))+URBF(ISA)*QURB(IDO)*.00015

              X2=X2-QP(IDO)

          END IF

          VSS=PKRZ(LD1)+SSF(LD1,ISA)+VH

          IF(VSS>0.)THEN

              X3=MIN(.5*X2,X2*VSS/WT(LD1,ISA))

              WPML(LD1,ISA)=X2-X3

              VAP(ISA)=X3*PKRZ(LD1)/VSS

              QSFP=X3*QSF(LD1,ISA)/VSS

          END IF

          WPMU(LD1,ISA)=MAX(0.,WPMU(LD1,ISA)-QPU(IDO))

          QP(IDO)=QP(IDO)+QPU(IDO)

      END IF 

      QP(IDO)=WSAX*QP(IDO)

      YMP=WPMA(LD1,ISA)*YEW

	  PMWN=YEWN*WPMA(LD1,ISA)

      WPMA(LD1,ISA)=WPMA(LD1,ISA)-YMP-PMWN

      YP(IDO)=WSAX*(YP(IDO)+YMP+QAPY)

      YPWN(IDO)=WSAX*(YPWN(IDO)+PMWN+APWN)

	  TPRK=TPRK+PKRZ(LD1)

      TPSP=TPSP+VAP(ISA)

    !2 FORMAT(T10,' AP=',F8.2,' CS=',F8.3,' CL=',F8.3,' QT=',&

      !F8.3,' ADQ=',F8.3,' ADP=',F8.4)

      !AD2=WPML(LD1,ISA)+WPMA(LD1,ISA)+WPO(LD1,ISA)

      !DF=AD1-QP(IDO)-VAP(ISA)-YP(IDO)-YPWN(IDO)-AD2

      !IF(ABS(DF)>1.E-5)WRITE(KW(1),1)IY,MO,KDA,AD1,QP(IDO),VAP(ISA),YP&

      !(IDO),YPWN(IDO),AD2,DF

    !1 FORMAT(1X,'!!!!!',3I4,10E13.5)  

      RETURN

      END






src/OPENF.f90

      SUBROUTINE OPENF(ASTN)

!     APEX1501

!     THIS SUBPROGRAM OPENS FILES.

      USE PARM

      CHARACTER(4)::AXT

      CHARACTER(80)::ASTN

      DIMENSION AXT(48)

	  DATA AXT/".OUT",".MAN",".SUS",".ASA",".SWT",".DPS",".MSA",".AWP",&

      ".DHY",".WSS",".SAD",".HYC",".DRS","    ",".MWS",".DWS",".AWS",&

      ".DGZ",".DUX",".DDD",".ACN",".DCN",".SCX",".ACY",".EFR",".EHY",&

      ".APS",".MSW",".DPW",".SPS",".ACO",".SWN",".FSA",".SAO",".RCH",&

      ".ERX",".DMR",".STR",".MRH",".MGZ",".DNC",".DHS",".MSX",".DGN",&

      ".DPD",".ASL",".MS5",".AS5"/

      OPEN(KW(1),FILE=ASTN//AXT(1))

	  DO I=2,48

	      IF(AXT(I)/="    ".AND.KFL(I)>0)OPEN(KW(I),FILE=ASTN//AXT(I))

	  END DO

      RETURN

      END

      






src/OPENV.f90

      SUBROUTINE OPENV(NUM,FNAM,IDIR)

!     VERIFIES THE EXISTENCE OF A FILE BEFORE OPENING IT

      CHARACTER(80)::FNAM,DIR

	  CHARACTER(120)::FNM

	  LOGICAL::XMIS	

	  DIR='C:\WEATDATA\'

	  IF(IDIR/=0)THEN

	      FNM=ADJUSTR(DIR)//ADJUSTL(FNAM)

	  ELSE

	      FNM=FNAM

	  END IF

	  FNM=ADJUSTL(FNM)	

	  INQUIRE(FILE=FNM,EXIST=XMIS)

	  IF(XMIS.eqv..TRUE.)THEN

	      OPEN(NUM,FILE=FNM)

	  ELSE

          WRITE(*,'(/A/)')'File '//TRIM(FNM)//' IS MISSING.'

          STOP

	  END IF	

	  RETURN

      END








src/PADDY_WQ.f90

      SUBROUTINE PADDY_WQ

!     APEX0806

!     THIS SUBPROGRAM COMPUTES SEDIMENT, AND NUTRIENT FROM A PADDY FIELD .

      USE PARM

      REAL:: QVOL0,SEDCON0,SEDCON1,SEDCON,NMIN0,NMIN1,NMIN,PMIN0,PMIN1,PMIN

      REAL:: NORG0,NORG1,NORG,PORG0,PORG1,PORG,SED0,SED1



      !Tentatively, mineral nutrient concentration is assumed conservative 

      !PADDY_STO(1,ISA) Water storage volume, mm

      !PADDY_STO(2,ISA) Sediment storage, t/ha

      !PADDY_STO(3,ISA) Min N storage, kg/ha

      !PADDY_STO(4,ISA) Min P storage, kg/ha

      !PADDY_STO(5,ISA) Org N storage, kg/ha

      !PADDY_STO(6,ISA) Org P storage, kg/ha



      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      QVOLX=.1*QVOL(IDO)/WSA(ISA)

      QVOL0 = PADDY_STO(1,ISA) + QVOLX !Water storage at the beginning of the day including daily rainfall and irrigation   

      PADDY_SED_NORM=AUNIF(13)*3.  !Residual sediment concentration

     

      !Initial sed conc (mg/l)

      SEDCON0 = PADDY_STO(2,ISA) / QVOL0 * 10**5 !mg/l

      IF(SEDCON0<PADDY_SED_NORM) SEDCON0 = PADDY_SED_NORM

      IF(SEDCON0<=0.) SEDCON0 = 0.01

      

      !soluble nutrient concentration

      NMIN0 = PADDY_STO(3,ISA) / QVOL0 * 100.   !Mineral N (mg/l)

      PMIN0 = PADDY_STO(5,ISA) / QVOL0 * 100.   !Mineral P (mg/l)

      

      NORG0 = PADDY_STO(4,ISA) / QVOL0 * 100.  !Organic N (mg/l)  

      PORG0 = PADDY_STO(6,ISA) / QVOL0 * 100.  !Organic P (mg/l)

         

      !Mineral N, P loss due to seepage

      DMN = MIN(PADDY_STO(3,ISA),NMIN0 * PKRZ(LD1) / 100.) !kg/ha

      DMP = MIN(PADDY_STO(4,ISA),PMIN0 * PKRZ(LD1) / 100.) !kg/ha

     

      !Sediment settling Neitsch et al. 2011

      SEDCON1 = (SEDCON0 - PADDY_SED_NORM) * EXP(-0.184 * SUB_D50(ISA)) + PADDY_SED_NORM !mg/l

      IF (SEDCON1<PADDY_SED_NORM) SEDCON1 = PADDY_SED_NORM

      SEDCON = (SEDCON0 + SEDCON1) / 2.

      DSED = MIN(PADDY_STO(2,ISA),(SEDCON0-SEDCON )*PKRZ(LD1)/ 10**5.) !sediment precipitated, t/ha 

         

      !Organic N,P average concentration after settling

      NORG = NORG0 * SEDCON / SEDCON0 !mg/l

      PORG = PORG0 * SEDCON / SEDCON0

      DNORG = MIN(PADDY_STO(5,ISA),NORG * PKRZ(LD1)/ 100.) !KG/HA

      DPORG = MIN(PADDY_STO(6,ISA),PORG * PKRZ(LD1)/ 100.) !KG/HA

      

      !add the settled organic nutrient to the top soil layer

      WNO3(LD1,ISA) = WNO3(LD1,ISA) + DMN !Add mineral N to layer 1

      WPMA(LD1,ISA) = WPMA(LD1,ISA) + DMP !Add min P to layer 1

      WON(LD1,ISA) = WON(LD1,ISA) + DNORG !kg/ha, add to layer 1

      WPO(LD1,ISA) = WPO(LD1,ISA) + DPORG !kg/ha, add to layer 1



      PADDY_STO(2,ISA) = PADDY_STO(1,ISA)*SEDCON / 10**5 !t/ha

      PADDY_STO(3,ISA) = PADDY_STO(3,ISA) - DMN  !KG/HA

      PADDY_STO(4,ISA) = PADDY_STO(4,ISA) - DMP

      PADDY_STO(5,ISA) = PADDY_STO(5,ISA) - DNORG

      PADDY_STO(6,ISA) = PADDY_STO(6,ISA) - DPORG



      !Weir discharge if any.

      IF (QVOLX>0) then

         YSD(NDRV,IDO) = MIN(PADDY_STO(2,ISA),SEDCON * QVOLX/ 10**5)*WSAX

         QN(IDO) = MIN(PADDY_STO(3,ISA),NMIN0 * QVOLX / 100.)*0.15*WSAX

         QP(IDO) = MIN(PADDY_STO(4,ISA),PMIN0 * QVOLX / 100.)*0.15*WSAX

         YN(IDO) = MIN(PADDY_STO(5,ISA),NORG * QVOLX / 100.)*WSAX

         YP(IDO) = MIN(PADDY_STO(6,ISA),PORG * QVOLX / 100.)*WSAX

         PADDY_STO(2,ISA) = PADDY_STO(1,ISA)*SEDCON / 10**5  !Update sediment balance

         PADDY_STO(3,ISA) = PADDY_STO(3,ISA) - QN(IDO)/WSAX  !Update min N balance

         PADDY_STO(4,ISA) = PADDY_STO(4,ISA) - QP(IDO)/WSAX  !Update min P balance

         PADDY_STO(5,ISA) = PADDY_STO(5,ISA) - YN(IDO)/WSAX  !Update org N balance

         PADDY_STO(6,ISA) = PADDY_STO(6,ISA) - YP(IDO)/WSAX  !Update org P balance

      else

         YSD(NDRV,IDO) = 0.

         QN(IDO) = 0.

         QP(IDO) = 0.

         YN(IDO) = 0.

         YP(IDO) = 0.

      endif

      

      RETURN

      END






src/parm1501.dat

   90.05   99.95

   10.50  100.95

   50.10   95.95

    0.00    0.00

    1.20    6.95

    5.10  100.95

    5.25   50.95

   20.50   80.99

    1.10   10.99

   10.05   50.90

    5.01   20.90

    5.10  100.99

    1.80    3.99

    5.10   20.95

   10.10  100.95

    3.10   20.99

   20.10   50.95

   5.333   50.99

   10.01   25.95

  400.05  600.90

    1.05  100.90

  100.01 1000.90

    1.50    3.99

    3.25   15.95

   10.10   55.90

   10.10   75.95

    5.01   50.99

    0.00    0.00

    0.00    0.00

     70.     30.

    1.50      2.      .5  0.9000  0.5000      0.   0.990  20.000  20.000  20.000

 -100.00     2.5  2.0000      1.      2.   1.000      .5   1.500   0.003   0.200

   10.00    0.05  0.0032  0.1000  0.0000   0.000   0.300   5.000    .001      5.

    0.30    1.00  2.5000      0.  0.9900      0.   0.200   1.000     .01      .5

    0.50    0.40  0.1500  2.0000  3.0000     1.2     .01      2.   0.000   0.100

    0.00   10.00  0.9000  0.6000  0.2000   0.900   1.000   0.600   0.100   7.000

    0.20    0.25  1.1000  1.0000  0.0010   3.000  10.000   0.500      1.      1.

    1.15      .2      0.  0.2000  0.8000     .05   0.000  10.000   1.000      .5

    0.00      3.  0.5100  0.0001  0.0001   0.010   0.010   0.001   0.100   1.000

      0.      1.      1.      1.      1.      1.      .9 .000001 .000001 .000548

 .000012   .0667      .2      .3   .0667      .2   .0075      2.      1.      1.    

   0.044  31.000   0.510   0.570  10.000

    5.00      .5     .01     .01   

    

    

    

    

    0.01    0.80  1.0000  1.0000  1.0000  10.000   0.000   0.000   0.000   0.000

    0.05   31.00  1.0000 50.0000  0.0000   0.000   0.000   0.000   0.000   0.000








src/PESTF.f90

      SUBROUTINE PESTF

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE PEST FACTOR BASED ON THE MINIMUM

!     PEST FACTOR (PST(JJK)) FOR CROP JJK AND THE SUM OF DAILY PEST

!     DAMAGE (PSTS)

      USE PARM

      IPF=1 

      IF(PSTS(ISA)<1.E-10)THEN

          PSTF(ISA)=1.

          IPST(ISA)=1

      ELSE

          Z1=PSTX*PSTS(ISA)/IPST(ISA)

          IF(SCLM(9)>0.)Z1=MIN(Z1,SCLM(9))

          PSTF(ISA)=1.-(1.-PST(JJK))*Z1/(Z1+EXP(SCRP(9,1)-SCRP(9,2)*Z1))

      END IF

      RETURN

      END 






src/PSTAPP.f90

      SUBROUTINE PSTAPP

!     APEX1501

!     THIS SUBPROGRAM APPLIES PESTICIDES TO CROP CANOPY & SOIL.

      USE PARM 

      KP=LPC(IRO(ISA),KP1(ISA),ISA)

      X2=PSTR(IRO(ISA),KP1(ISA),ISA)

      XX=X2*HE(JT1)*MASP !g/ha MASP is 1 or 1000 (APEXCONT.DAT) to keep the unit in g/ha

      SMMP(1,KP,MO,IDOA(ISA))=SMMP(1,KP,MO,IDOA(ISA))+XX

      SMMRP(5,KP,MO)=SMMRP(5,KP,MO)+XX*WSA(ISA)

      X3=PSTE(IRO(ISA),KP1(ISA),ISA)

      VARP(1,KP,IDO)=XX

	    X1=PCST(KP)*X2

      COST(ISA)=COST(ISA)+X1

      IF(KFL(31)>0)WRITE(KW(31),1)ISA,NBSA(ISA),IYR,MO,KDA,PSTN(KP),&

      KDC(JJK),KDP(KP),IHC(JT1),NBE(JT1),NBT(JT1),X1,X1,X2,FULU(JT1)

      PSTS(ISA)=PSTS(ISA)-X3*1000.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),6)ISA,&

      NBSA(ISA),IYR,MO,KDA,PSTN(KP),X2,HE(JT1),X3

      IF(TLD(JT1)<1.E-10)THEN

          X1=SLAI(JJK,ISA)

          IF(X1<.06)FGC(ISA)=0.

          X1=XX*FGC(ISA)

          PFOL(KP,ISA)=PFOL(KP,ISA)+X1 !g/ha

          PSTZ(KP,LID(1,ISA),ISA)=PSTZ(KP,LID(1,ISA),ISA)+XX-X1 !g/ha

          GO TO 5

      END IF

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          IF(TLD(JT1)<=Z(ISL,ISA))EXIT

      END DO

      PSTZ(KP,ISL,ISA)=PSTZ(KP,ISL,ISA)+XX

    5 IF(KP1(ISA)<NPST(IRO(ISA),ISA))KP1(ISA)=KP1(ISA)+1

      RETURN

    1 FORMAT(1X,2I8,1X,I4,2I2,2X,A16,I6,2X,4I4,F10.2,10X,3F10.2)

    6 FORMAT(1X,2I8,1X,I4,2I2,2X,A16,2X,'APPL RATE = ',F7.1,'g/ha',2X,&

      'APPL EFF =',F6.3,2X,'KILL EFF = ',F6.3)

      END






src/PSTCY.f90

      SUBROUTINE PSTCY(PQPX,PYPX,IXP)

      ! APEX1501

      ! THIS SUBPROGRAM SIMULATES PESTICIDE TRANSPORT & DEGRADATION.

      USE PARM 

      LD1=LID(1,ISA)

      Y3=QVOL(IDO)/(10.*WSA(ISA)) !mm

      Y5=SSF(LD1,ISA) !mm

      Y6=QSF(LD1,ISA) !mm

      Y7=CPFH(LD1,ISA)  !mm

      QQ=Y3+Y5+Y6+Y7 !mm

      YY=YSD(NDRV,IDO)

      AD1=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          AD1=AD1+PSTZ(1,ISL,ISA)

      END DO

      SP2=0.

      SP4=0.

      DO K=1,NDP

          ADD=0.

          SUM=0.

          TOT=0.

          X3=0.

          DGF=0.

          WO=0.

          QPST(K,IDO)=0.

          YPST(K,IDO)=0.

          TSPS(K,IDO)=0.

          PSSF(K,LD1,ISA)=0.

	      Y1=PSTZ(K,LD1,ISA)!g/ha

          Y2=PFOL(K,ISA) !g/ha

          Y4=PKRZ(LD1) !mm

          IF(IGO(ISA)>0)THEN

              IF(Y2<1.E-5)THEN

	              PFOL(K,ISA)=0.

              ELSE	          

	              IF(RFV(IRF(ISA))>2.54)THEN

                      ! COMPUTE PESTICIDE WASH OFF FROM FOLIAGE

                      WO=PWOF(K)*Y2 

                      Y2=Y2-WO 

                      Y1=Y1+WO 

                  END IF

                  ! COMPUTE PESTICIDE DEGRADATION FROM FOLIAGE

                  DGF=Y2*PHLF(K)

                  PFOL(K,ISA)=Y2-DGF

                  SMMP(6,K,MO,IDO)=SMMP(6,K,MO,IDO)+DGF !g/ha

                  VARP(6,K,IDO)=DGF 

                  VARH(31,ISA)=DGF  

              END IF

          END IF

    !     COMPUTE PESTICIDE LOSS FROM TOP SOIL LAYER IN RUNOFF,

    !     LATERAL SUBSURFACE FLOW, & PERCOLATION

          X5=.1*WOC(LD1,ISA)/WT(LD1,ISA)  !X5 in % weight   Jaehak 2022            

          IF(Y1>1.E-5)THEN

              DK=.01*PKOC(K)*X5

              X1=(PO(LD1,ISA)-S15(LD1,ISA)) !mm

              DZ=1000.*Z(LD1,ISA)                                                                                  

              !XX=X1+DK

              !XX=0.01*X1+0.1*DK*BD(LD1,ISA)  !Theory Document Eqn 262 Jaehak 2022

              XX=10.*(X1+DK*BD(LD1,ISA)*DZ)  !Jaehak 2022 equation 262 updated

              V=Y3+Y5+Y4+Y6+Y7 !mm Jaehak 2022

              IF(V>0.)THEN

                  VPST=Y1*(1.-EXP(-V/XX)) !g/ha

                  CO=MIN(PSOL(K),VPST/(Y4+PRMT(24)*(Y3+Y5+Y6+Y7))) !g/ha/mm

                  CS=PRMT(24)*CO

                  X3=CO*Y4 

                  QPST(K,IDO)=CS*Y3 !g/ha

                  SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO) !g/ha

                  VARP(2,K,IDO)=QPST(K,IDO) !g/ha

                  SUM=CS*(Y5+Y6+Y7) !g/ha

                  PSSF(K,1,ISA)=SUM !g/ha 

	              Y1=Y1-X3-QPST(K,IDO)-SUM !g/ha

                  ! COMPUTE PESTICIDE LOSS WITH SEDIMENT

                  IF(YEW>0.)THEN

                      CS=DK*Y1/XX

                      YPST(K,IDO)=MIN(ERTO*CS*YSD(NDRV,ISA)/WSA(ISA),Y1) !g/ha Equation 267 updated Jaehak 2022

                      SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

                      VARP(5,K,IDO)=YPST(K,IDO)

                      Y1=Y1-YPST(K,IDO)

                  END IF

              END IF

              ! COMPUTE PESTICIDE DEGRADATION IN TOP SOIL LAYER

              DGS=Y1*PHLS(K)

              Y1=Y1-DGS

              TOT=DGS

              ADD=Y1

          ELSE

              Y1=0.

          END IF

          PSTZ(K,LD1,ISA)=Y1

          IF(IPTS(ISA)>0)THEN

              IF(KDP(K)==KPSN(IPSO(ISA)))THEN

		          QPST(K,IDO)=QPST(K,IDO)+PQPX !g/ha

		          YPST(K,IDO)=YPST(K,IDO)+PYPX

		      END IF

	      END IF

    !     COMPUTE PESTICIDE MOVEMENT THRU SOIL LAYERS BY LATERAL

    !     SUBSURFACE FLOW & PERCOLATION

          X2=0.

		  XX1=Z(LD1,ISA)

          DO L1=2,NBSL(ISA)

              ISL=LID(L1,ISA)

              Y1=PSTZ(K,ISL,ISA) !g/ha

              Y1=Y1+X3

              X3=0.

			  DZ=(Z(ISL,ISA)-XX1)*1000.

			  XX1=Z(ISL,ISA)

              PSSF(K,ISL,ISA)=0.

              IF(Y1>.01)THEN

                  VH=SSF(ISL,ISA)+QSF(ISL,ISA)+CPFH(ISL,ISA)  !mm

                  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

					  V=PKRZ(ISL)/(10.*WSA(ISA))+VH !mm

				  ELSE

					  V=PKRZ(ISL)+VH

				  ENDIF

				  

                  IF(V>0.)THEN

                     X5=.1*WOC(ISL,ISA)/WT(ISL,ISA)  !X5 in % weight   Jaehak 2022                                        

                     DK=.01*PKOC(K)*X5    !Jaehak 2022 

                     X1=(PO(ISL,ISA)-S15(ISL,ISA)) !mm

                     !XX=0.01*X1+0.1*DK*BD(ISL,ISA)  !Theory Document Eqn 262 Jaehak 2022

					 XX=10.*(X1+DK*BD(ISL,ISA)*DZ)  !Jaehak 2022 equation 262 updated                     

					 VPST=Y1*(1.-EXP(-V/XX))

					  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

						  CO=MIN(PSOL(K),VPST/(PKRZ(ISL)/(10.*WSA(ISA))+PRMT(24)*VH))  !g/ha/mm

					  ELSE

						  CO=MIN(PSOL(K),VPST/(PKRZ(ISL)+PRMT(24)*VH))  !g/ha/mm

					  ENDIF

                      

                      CS=PRMT(24)*CO

                      X5=CS*VH

                      PSSF(K,ISL,ISA)=X5 !g/ha

                      IF(ISL==IDR(ISA))THEN

                          SMMP(10,K,MO,IDO)=SMMP(10,K,MO,IDO)+X5

                          VARP(10,K,IDO)=X5

                      END IF

                      SUM=SUM+X5

					  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

						  X3=CO*PKRZ(ISL)/(10.*WSA(ISA))

					  ELSE

						  X3=CO*PKRZ(ISL)

					  ENDIF

                      !	WRITE(KW(1),32)CS,CO,V,X5,X3

                      IF(ISL==LID(NBSL(ISA),ISA))X2=X3

                      Y1=Y1-X5-X3

                  END IF

                  ! COMPUTE PESTICIDE DEGRADATION IN SOIL LAYERS

                  DGS=Y1*PHLS(K)

                  Y1=Y1-DGS

                  TOT=TOT+DGS

              END IF

              ADD=ADD+Y1

              PSTZ(K,ISL,ISA)=Y1

          END DO 

          SMMP(3,K,MO,IDO)=SMMP(3,K,MO,IDO)+X2 !g/ha

          VARP(3,K,IDO)=X2

          GWPS(K,ISA)=GWPS(K,ISA)+X2

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+SUM

          VARP(4,K,IDO)=SUM

          SMMP(7,K,MO,IDO)=SMMP(7,K,MO,IDO)+TOT

          VARP(7,K,IDO)=TOT

          SMMP(8,K,MO,IDO)=PFOL(K,ISA)

          VARP(8,K,IDO)=PFOL(K,ISA) 

          SMMP(9,K,MO,IDO)=ADD

          VARP(9,K,IDO)=ADD

          PLCH(K)=X2

          SSPS(K)=SUM

          SP2=SP2+QPST(K,IDO)

	      SP4=SP4+YPST(K,IDO)

	      WSAX=WSA(ISA)

          TSPS(K,IDO)=SUM

          VARH(31,IDO)=WSAX*(TOT+DGF)

          SMMH(31,MO,IDO)=SMMH(31,MO,IDO)+VARH(31,IDO)

          PQST=QPST(K,IDO)+SUM

      END DO

      ! CALL PSTFRQ(QQ,YY,SSPS,ISA,IXP)

      VARH(27,IDO)=WSAX*SP2 !g

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

	  VARH(29,IDO)=WSAX*SP4	 !g

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  AD2=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          AD2=AD2+PSTZ(1,ISL,ISA)

      END DO

      !DF=AD1+WO-TOT-SSPS(1)-QPST(1,IDO)-PLCH(1)-YPST(1,IDO)-AD2

      !IF(ABS(DF/(AD1+1.))>.001)WRITE(KW(1),20)ISA,IY,MO,KDA,AD1,WO,QPST(1,IDO),&

      !SSPS(1),PLCH(1),YPST(1,IDO),AD2,DF

      RETURN

      !20 FORMAT(1X,'#####',4I4,20E13.5)           

      END






src/PSTEV.f90

      SUBROUTINE PSTEV

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD PESTICIDE MOVEMENT CAUSED BY SOIL 

!     EVAPORATION.

      USE PARM 

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      DO K=1,NDP

          XX=0.

          VPST=0.

          KK=NEV

          DO KK=NEV,2,-1

              ISL=LID(KK,ISA)

              Y1=PSTZ(K,ISL,ISA)

              IF(Y1<.001)CYCLE

              V=SEV(ISL,ISA)

              IF(V<=0.)CYCLE

              VPST=Y1*(1.-EXP(-V/(PO(ISL,ISA)-S15(ISL,ISA)+.001*PKOC(K)*&

              WT(ISL,ISA)*WOC(ISL,ISA))))

              XX=XX+VPST

              PSTZ(K,ISL,ISA)=Y1-VPST

          END DO

          PSTZ(K,LD1,ISA)=PSTZ(K,LD1,ISA)+XX

      END DO

      RETURN

      END






src/PSTSUM.f90

      SUBROUTINE PSTSUM(XWS,XYR,NX,ISX)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE PESTICIDE SUMMARY TABLES TO THE .OUT FILE.

      USE PARM

      DIMENSION NX(MSA),NXX(3,5),NYY(3,5),NY(3)

      DIMENSION XTX(100),XTY(100),AD1(NDP),AD2(NDP)

      DIMENSION PSSM(3,50)

      IF(ISX<0)THEN

          NY(1)=1

          NY(2)=.1*XYR+1.5

          NY(3)=.5*XYR+1.5

          DO K=1,NDP

              WRITE(KW(1),462)PSTN(K)

              DO I=1,5

                  DO J=1,NBYR

                      XTY(J)=APY(I,K,J,ISX)

                      IF(XTY(J)<1.E-4)THEN

                          APY(I,K,J,ISX)=0.

                          AYB(I,K,J,ISX)=0.

                      END IF

                      XTX(J)=APQ(I,K,J,ISX)

                      IF(XTX(J)>1.E-4)CYCLE

                      APQ(I,K,J,ISX)=0.

                      AQB(I,K,J,ISX)=0.

                  END DO

                  CALL ASORT1(XTX,NX,NBYR)

                  NXX(1,I)=NX(NY(1))

                  NXX(2,I)=NX(NY(2))

                  NXX(3,I)=NX(NY(3))

                  CALL ASORT1(XTY,NX,NBYR)

                  NYY(1,I)=NX(NY(1))

                  NYY(2,I)=NX(NY(2))

                  NYY(3,I)=NX(NY(3))

              END DO

              DO N2=1,3

                  !     PRINTOUT PESTICIDE FREQ SUMMARY

                  WRITE(KW(1),463)(APQ(I,K,NXX(N2,I),ISX),I=1,5)

                  WRITE(KW(1),464)(AQB(I,K,NXX(N2,I),ISX),I=1,5)

                  WRITE(KW(1),465)(APY(I,K,NYY(N2,I),ISX),I=1,5)

                  WRITE(KW(1),466)(AYB(I,K,NYY(N2,I),ISX),I=1,5)

                  IF(N2==1)WRITE(KW(1),474)

                  IF(N2==2)WRITE(KW(1),473)

              END DO

          END DO

      END IF

      WRITE(KW(1),3940)

      IF(KFL(30)>0)THEN

          IF(ISX==NCMD)THEN

              WRITE(KW(30),'(//T10,A)')'WATERSHED OUTLET'

          ELSE

              WRITE(KW(30),2232)ISX,NBSA(ISX)

          END IF

      END IF

      IF(ISX==NCMD)THEN 

          PSSM=0.

		  DO I=1,MSA

			  RTO=WSA(I)/RWSA(NCMD)

			  DO K=1,NDP

				  PSSM(1,K)=PSSM(1,K)+PFOL(K,I)*RTO

				  PSSM(2,K)=PSSM(2,K)+GWPS(K,I)*RTO

				  SUM=0.

				  DO J=1,NBSL(I) 

					  SUM=SUM+PSTZ(K,J,I)

				  END DO

				  PSSM(3,K)=PSSM(3,K)+SUM*RTO

			  END DO

		  END DO

		  II=ISX

      ELSE

          II=IDOA(ISX)		  

	  END IF

      DO K=1,NDP

          AD1(K)=0.

          AD2(K)=0.

          DO I=1,12

              AD1(K)=AD1(K)+SMRP(3,K,I)

              AD2(K)=AD2(K)+SMRP(4,K,I)

          END DO

          DO L=1,7

              SMAP(L,K,II)=SMAP(L,K,II)/XWS

          END DO

          DO L=10,13

			  SMAP(L,K,II)=SMAP(L,K,II)/XWS

		  END DO

		  IF(ISX==NCMD)THEN

			  WRITE(KW(1),'(/1X,A,A16)')'-----PESTICIDE BALANCE(g) ',&

              PSTN(K)

              AD1(K)=AD1(K)-SMAP(4,K,ISX)-SMAP(11,K,ISX)

              DF=SMAP(1,K,ISX)-AD1(K)-SMAP(4,K,ISX)-AD2(K)-SMAP(6,K,ISX)&

              -SMAP(7,K,ISX)-SMAP(11,K,ISX)-SMAP(12,K,ISX)-PSSM(1,K)-&

              PSSM(2,K)-PSSM(3,K)

              PER=DF/(SMAP(1,K,ISX)+1.E-10)

              WRITE(KW(1),472)PER,DF,SMAP(1,K,ISX),AD1(K),SMAP(4,K,ISX),&

              AD2(K),SMAP(6,K,ISX),SMAP(7,K,ISX),SMAP(11,K,ISX),SMAP(12,K,&

              ISX),PSSM(1,K),PSSM(2,K),PSSM(3,K)

          END IF 

		  DO L=1,7

			  SMAP(L,K,II)=SMAP(L,K,II)/XYR

		  END DO

		  DO L=10,13

		      SMAP(L,K,II)=SMAP(L,K,II)/XYR

		  END DO

          AD1(K)=AD1(K)/XYR

          AD2(K)=AD2(K)/XYR

      END DO 

      IF(KFL(30)>0)WRITE(KW(30),3910)(PSTN(K),K=1,NDP)

      I1=0

      K1=0

      N1=0

      DO WHILE(N1<NDP)

          I1=I1+10

          N1=MIN(I1,NDP)

          K2=K1+1

          N2=MIN(10,NDP-K1)

    !     PRINTOUT PESTICIDE SUMMARY MONTHLY

          WRITE(KW(1),3910)(PSTN(K),K=K2,N1)

          IF(ISX==NCMD)THEN

              WRITE(KW(1),470)HEDP(1),(SMAP(1,K,ISX),K=K2,N1)

              WRITE(KW(1),470)HEDP(2),(AD1(K),K=K2,N1)

              DO L=3,4

                  WRITE(KW(1),470)HEDP(L),(SMAP(L,K,ISX),K=K2,N1)

              END DO

              WRITE(KW(1),470)HEDP(5),(AD2(K),K=K2,N1)

          ELSE

              DO L=1,7

                  WRITE(KW(1),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

              END DO

          END IF

          DO L=10,13

              WRITE(KW(1),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

              IF(KFL(30)>0)WRITE(KW(30),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

          END DO

          K1=I1

      END DO

      RETURN 

  462 FORMAT(5X,A16,T35,'MAXIMUM')

  463 FORMAT(8X,'SOL  ',5E13.5)

  464 FORMAT(8X,'Q+SSF',5E13.5)

  465 FORMAT(8X,'ADSRB',5E13.5)

  466 FORMAT(8X,'SED Y',5E13.5)

  470 FORMAT(5X,A4,10E16.6)

  472 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'PAPL=',E13.6,2X,&

      'PSRO=',E13.6,2X,'PSSF=',E13.6,2X,'PSED=',E13.6/5X,'PDGF=',E13.6,&

      2X,'PDGS=',E13.6,2X,'PRSF=',E13.6,2X,'PDPK=',E13.6,2X,'PFOL=',&

      E13.6,2X,'PGW =',E13.6/5X,'PSOL=',E13.6/)

  473 FORMAT(T35,'50 % EXCEED')

  474 FORMAT(T35,'10 % EXCEED')

 2232 FORMAT(//T10,'SA#=',I8,1X,'ID=',I8)  

 3910 FORMAT(/11X,10A16)

 3940 FORMAT(/1X,'-----AVE ANNUAL VALUES(g/ha)')

      END






src/PSTTBL.f90

      SUBROUTINE PSTTBL

!     APEX1501

!     THIS SUBPROGRAM READS PESTICIDE TABLE TO DETERMINE PESTICIDE

!     PARAMETERS

      USE PARM 

      DIMENSION YTP(7)

      IF(NDP>0)THEN

          DO L=1,NDP

              IF(KDP(L)==JX(7))RETURN

          END DO

      END IF

      NDP=NDP+1

      KDP(NDP)=JX(7)

      KDP1(JX(7))=NDP

      READ(KR(8),'()')

      READ(KR(8),'()')

!     READ PESTICIDE TABLE

!  1  PSTN = PESTICIDE NAME

!  2  PSOL = PESTICIDE SOLUBILITY (ppm)

!  3  PHLS = PESTICIDE HALF LIFE IN SOIL (d)

!  4  PHLF = PESTICIDE HALF LIFE ON FOLIAGE (d)

!  5  PWOF = PESTICIDE WASH OFF FRACTION

!  6  PKOC = PESTICIDE ORGANIC C ADSORPTION COEF

!  7  PCST = PESTICIDE COST ($/KG)

      J1=-1

      DO WHILE(J1/=JX(7))

          READ(KR(8),1,IOSTAT=NFL)J1,PSTN(NDP),(YTP(L),L=2,7)

          IF(NFL/=0)THEN

              WRITE(*,*)'PEST NO = ',JX(7),' NOT IN PEST LIST FILE &

              SAID = ',NBSA(ISA)

              STOP

          END IF

      END DO

      PSOL(NDP)=YTP(2)

      PHLS(NDP)=YTP(3)

      PHLF(NDP)=YTP(4)

      PWOF(NDP)=YTP(5)

      PKOC(NDP)=YTP(6)

      PCST(NDP)=YTP(7)

      REWIND KR(8)

      RETURN

      !1 FORMAT(I5,1X,A16,F12.0,3F8.0,F10.0,F8.0)    

    1 FORMAT(I5,1X,A16,6E16.6)

      END






src/RATECVM_CM.f90

      SUBROUTINE RATECVM_CM(CBW,DZRT,SSS,ZCH)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES A RATING CURVE (FLOW RATE AND FLOW AREA 

!     GIVEN DEPTH) AND THE M_C EXPONENT M

      USE PARM

      DIMENSION AX(30)

      ZX=0.

      DO I=1,NPRC

          ZX=ZX+DZRT

          ZZ=ZX-ZCH

          IF(ZZ>0.)THEN

              !COMPUTE CH FLOW ABOVE QCAP

              ACH=CHXA(ISA)+ZZ*RCTW(ISA)

              R=ACH/CHXP(ISA)

              QCH=ACH*R**.66667*RCHX(ISA)

              CHW=RCTW(ISA)

              !COMPUTE FP FLOW

              AFPX=ZZ*(RFPW(ISA)-RCTW(ISA))

              QFP=AFPX*ZZ**.66667*RFPX(ISA)/RFPW(ISA)

              SCFS(I,ISA)=QCH+QFP

              AX(I)=ACH+AFPX

          ELSE

              X1=ZX*RCSS(ISA)

              AX(I)=ZX*(CBW+X1)

              P=CBW+2.*SSS*ZX

              SCFS(I,ISA)=AX(I)**1.66667*RCHX(ISA)/P**.66667

          END IF

      END DO

      XMS(1,ISA)=1.66667

      XMS(2,ISA)=LOG10(SCFS(2,ISA)/SCFS(1,ISA))/LOG10(AX(2)/AX(1))

      TOT=XMS(2,ISA)*SCFS(2,ISA)

      DO J=3,NPRC

          J1=J-1          

          X1=LOG10(SCFS(J,ISA)/SCFS(J1,ISA))/LOG10(AX(J)/AX(J1))

          TOT=TOT+X1*(SCFS(J,ISA)-SCFS(J1,ISA))

          XMS(J,ISA)=TOT/SCFS(J,ISA)

      END DO

      IF(KFL(26)>0)THEN

          ZX=0.

          DO J=1,NPRC

              ZX=ZX+DZRT

              WRITE(KW(26),1)ZX,AX(J),SCFS(J,ISA),XMS(J,ISA)

          END DO                                                            

      END IF    

      RETURN

    1 FORMAT(5X,4F10.3)      

      END






src/RESPOND.f90

      SUBROUTINE RESPOND

!     APEX1501

!     THIS SUBPROGRAM ROUTES WATER AND SEDIMENT THROUGH RESEVOIRS.

!     COMPUTES EVAPORATION AND SEEPAGE FROM THE RESERVOIR.

      USE PARM

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDX=IDOA(IDN2)

	  IDNB(IDO)=NBSA(IDN2)

	  YB=RSYS(IDN2)

	  RWSA(IDO)=RWSA(IDN1)

	  IF(IEXT(IDN2)>0)THEN

	      A1=WSA(IDN2)

	  ELSE

	      A1=RWSA(IDN1)

	  END IF

      A10=10.*A1

      AP=WSA(IDN2)*PCOF(IDN2)

	  AP10=10.*AP

      V0=RSV(IDN2)

      XX=V0/AP10

      STV(13,MO,IDN2)=XX

      VARS(13)=XX

      TC(IDO)=TC(IDN1)

      SST(IDO)=SST(IDN1)

      RSSF(IDO)=RSSF(IDN1)

	  XX=MAX(.1,V0+RVP0(IDN2)-RSVP(IDN2))

      X2=BR1(IDN2)*XX**BR2(IDN2)

   	  RSSA(IDN2)=MIN(X2,RSAE(IDN2))

      STV(15,MO,IDN2)=RSSA(IDN2)

      VARS(15)=RSSA(IDN2)

      EV=6.*EO*RSSA(IDN2)

      SP=RSHC(IDN2)*RSSA(IDN2)*240.

      RFRA=RFV(IRF(IDN2))*RSSA(IDN2)*10.

	  SALA(IDN2)=MAX(0.,AP-RSSA(IDN2))

      Q1=QVOL(IDX)+RFRA

      Y1=MAX(0.,SALA(IDN2)*YSD(NDRV,IDX))

      XX=SP+EV

      X1=Q1/AP10

      SMM(64,MO,IDN2)=SMM(64,MO,IDN2)+Q1

      VAR(64,IDN2)=Q1

      V0=V0+Q1

      IF(V0<=XX)THEN

          X1=V0/(XX+1.E-10)

          EV=EV*X1

          SP=SP*X1

          RSV(IDN2)=0.

          QVOL(IDO)=0.

          YSD(NDRV,IDO)=0.

          YN(IDO)=0.

          YP(IDO)=0.

          QN(IDO)=0.

          QP(IDO)=0.

          TSFN(IDO)=0.

          RSFN(IDO)=0.

	      RSYS(IDN2)=0.

	      DEP=YB

	      Y2=0.

          GO TO 7

      END IF

      V0=V0-XX

      VRR=V0-RSVE(IDN2)

      OFLO=0.

      IF(VRR>0.)OFLO=VRR

      VVR=V0-RSVP(IDN2)

      IF(VVR>0.)THEN

          OFLO=OFLO+MIN(RSRR(IDN2),RSVE(IDN2)-RSVP(IDN2),VVR)

          V0=V0-OFLO

      END IF

      VV=V0+OFLO

      SMM(65,MO,IDN2)=SMM(65,MO,IDN2)+OFLO

      VAR(65,IDN2)=OFLO

      QVOL(IDO)=MAX(0.,(OFLO-QVOL(IDX)*AP+A10*QVOL(IDN1))/A10)

      X1=Y1/AP

      YY=RSYS(IDN2)+Y1

      SMM(68,MO,IDN2)=SMM(68,MO,IDN2)+Y1

      VAR(68,IDN2)=Y1

      CY=YY/VV

      CD=MAX(RSYN(IDN2),(CY-RSYN(IDN2))*RSDP(IDN2)+RSYN(IDN2))

      Y2=OFLO*MIN(CD,CY)

      X1=Y2/AP

      SMM(69,MO,IDN2)=SMM(69,MO,IDN2)+Y2

      VAR(69,IDN2)=Y2

	  YSD(NDRV,IDO)=MAX(0.,(Y2-YSD(NDRV,IDX)*AP+A1*YSD(NDRV,IDN1))/A1)

	  DEP=MAX(0.,V0*(CY-CD))

      SRCH(13,IDO)=SRCH(13,IDO)+DEP

      SMM(70,MO,IDN2)=SMM(70,MO,IDN2)+DEP

      VAR(70,IDN2)=DEP

      X1=YY-Y2-DEP

      RSYS(IDN2)=X1

      XX=X1/AP

      STV(14,MO,IDN2)=X1

      VARS(14)=X1

      TOT=0.

      DRTO=MIN(1.,(.001+Y2)/(Y1+.001))

      B1=LOG(DRTO)/4.47

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,IDN1)

          X1=MAX(-10.,B1*PSZY(I))

          PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

          TOT=TOT+PCT(I,IDO)

      END DO

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

      END DO

      YX=YY+1.E-5 

	  RSON(IDN2)=RSON(IDN2)+YN(IDN1)*AP

      CON=RSON(IDN2)/YX

	  RSOP(IDN2)=RSOP(IDN2)+YP(IDN1)*AP

      COP=RSOP(IDN2)/YX

      X2=Y2+DEP

      X1=CON*X2

      RTO=X1/RSON(IDN2)

      IF(RTO>.1)THEN

          X1=.1*RSON(IDN2)

          CON=X1/X2

      END IF

      YN(IDO)=MAX(0.,(Y2*CON-YN(IDX)*AP+A1*YN(IDN1))/A1)

      RSON(IDN2)=MAX(.01,RSON(IDN2)-X1)

      X1=COP*X2

      RTO=X1/RSOP(IDN2)

      IF(RTO>.1)THEN

          X1=.1*RSOP(IDN2)

          COP=X1/X2

      END IF

      YP(IDO)=MAX(0.,(Y2*COP-YP(IDX)*AP+A1*YP(IDN1))/A1)

      RSOP(IDN2)=MAX(.01,RSOP(IDN2)-X1)

      RSO3(IDN2)=RSO3(IDN2)+AP*QN(IDX)

      CO3=RSO3(IDN2)/VV

      RSSP(IDN2)=RSSP(IDN2)+AP*QP(IDX)

      CSP=RSSP(IDN2)/VV

	  X1=OFLO*CO3

      QN(IDO)=MAX(0.,(X1-QN(IDX)*AP+A1*QN(IDN1))/A1)

      RSO3(IDN2)=MAX(.01,RSO3(IDN2)-X1)

      X1=OFLO*CSP

      QP(IDO)=MAX(0.,(X1-QP(IDX)*AP+A1*QP(IDN1))/A1)

      RSSP(IDN2)=MAX(.01,RSSP(IDN2)-X1)

      RSV(IDN2)=V0

    7 SMM(66,MO,IDN2)=SMM(66,MO,IDN2)+EV

      VAR(66,IDN2)=EV

      TREV=TREV+EV

      SAET=10.*SALA(IDN2)*AET

      TSAE=TSAE+SAET

      SMM(67,MO,IDN2)=SMM(67,MO,IDN2)+SP

      VAR(67,IDN2)=SP

      RSPK(IDN2)=.1*SP/WSA(IDN2)

      X1=DEP/RSBD(IDN2)

      RSVP(IDN2)=MAX(0.,RSVP(IDN2)-X1)

	  RSVE(IDN2)=MAX(0.,RSVE(IDN2)-X1)

      IF(KFL(13)>0)WRITE(KW(13),12)IDN2,NBSA(IDN2),IY,MO,KDA,RFV&

      (IRF(IDN2)),Q1,EV,SP,OFLO,RSV(IDN2),RSVP(IDN2),RSVE(IDN2),Y1,Y2,DEP&

      ,RSYS(IDN2),RSSA(IDN2),YSD(NDRV,IDN1),YSD(NDRV,IDN2),YSD(NDRV,IDO)

   12 FORMAT(1X,2I4,1X,I4,2I2,2X,8F10.0,20F10.2)

      RETURN

      END






src/RESPQB.f90

      SUBROUTINE RESPQB(QI,EV,QO,SP,QRP,RSVF,RSVB,QIRR,ISA,KFL,KW,NBSA,MSO,IPR)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE POND AND RESERVOIR WATER BALANCES AT 

!     THE END OF A SIMULATION

      DIMENSION NBSA(ISA),KFL(MSO+1),KW(MSO)

      DF=RSVB+QI-EV-QO-RSVF-SP-QRP-QIRR

	  PER=200.*DF/(QI+QO)

	  IF(ABS(PER)>1..OR.KFL(1)>0)THEN

	      IF(IPR>0)THEN

	          WRITE(KW(1),4)ISA,NBSA(ISA)

	      ELSE

	          WRITE(KW(1),2)ISA,NBSA(ISA)

	      END IF

	      WRITE(KW(1),3)PER,DF,RSVB,QI,QO,EV,SP,QRP,QIRR,RSVF

          RSVB=RSVF

      END IF

      RETURN

    2 FORMAT(/T10,'POND WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BVOL=',E13.6,2X,&

      'QI  =',E13.6,2X,'QO  =',E13.6,2X,'EVP =',E13.6/5X,'SEP =',E13.6,&

      2X,'QRP =',E13.6,2X,'QIRR=',E13.6,2X,'FVOL=',E13.6)

    4 FORMAT(/T10,'RESERVOIR WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/RESQB.f90

      SUBROUTINE RESQB(QI,QO,P,EV,PRK,SSF,RGA,SNO,SWF,SWI,SSFI,QRF,RBK,&

      ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE RESERVOIR WATER BALANCE AT THE END OF A

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=SWI+QI+P-QO-EV-PRK-SSF-QRF+RGA+SSFI-RBK-SWF-SNO

	  PER=100.*DF/SWF

	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)

      WRITE(KW(1),3)PER,DF,SWI,P,QI,QO,EV,PRK,SSF,QRF,RGA,SSFI,RBK,SWF,SNO

	  WRITE(KW(1),4)ISA,NBSA(ISA) 

      RETURN

    2 FORMAT(/T10,'RESERVOIR WATER BALANCE')

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,&

      'PRCP=',E13.6,2X,'QI  =',E13.6,2X,'QO  =',E13.6/5X,'EVP =',E13.6,&

      2X,'SEP =',E13.6,2X,'SSF =',E13.6,2X,'QRF =',E13.6,2X,'IRGA=',&

      E13.6,2X,'SSFI=',E13.6/5X,'RBK =',E13.6,2X,'FSW =',E13.6,2X,&

      'SNO =',E13.6)

    4 FORMAT(10X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/RESRT.f90

      SUBROUTINE RESRT

!     APEX1501

!     THIS SUBPROGRAM ROUTES WATER AND SEDIMENT THROUGH RESEVOIRS.

!     COMPUTES EVAPORATION AND SEEPAGE FROM THE RESERVOIR.

      USE PARM

      DIMENSION VBK(5)

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDRO(IDN2)=IDO

	    IDX=IDOA(IDN2)

	    IDNB(IDO)=NBSA(IDN2)

	    LD1=LID(1,IDN2)

	    RWSA(IDO)=RWSA(IDN1)

      !IF(WYLD(IDN1)<1.E-10)RETURN

      YB=RSYS(IDN2)

      RSSF(IDO)=0.

	    SST(IDO)=0.

      QDR(IDO)=0.

      QRF(IDO)=0.

      CPVH(IDO)=0.

	    DEP=0.

	    Y2=0.

      Y2O=0.

      RSPK=0.

      VBK=0.

      Q1M3=WYLD(IDN1)

      IF(IEXT(IDN2)>0)THEN

	      A1=WSA(IDN2)

          II=IDN2

	    ELSE

	      A1=RWSA(IDN1)

          II=IDN2-1

      END IF

      II0=II

      A10=10.*A1

      V0=RSV(IDN2)

      TC(IDO)=TC(IDN1)

      SST(IDO)=SST(IDN1)

      STV(15,MO,IDN2)=RSSA(IDN2)

      VARS(15)=RSSA(IDN2)

      X1=RSSA(IDN2)

      EVRS(IDN2)=10.*EO*X1

      SP=RSHC(IDN2)*X1*240.

      PRCP=RFV(IRF(IDN2))-VAR(6,IDN2)

      RFRA=PRCP*X1*10.

	    IF(IDX==IDN1)THEN

          QIX=0.

      ELSE

          QIX=Q1M3

      END IF    

	    QSA=WYLD(IDX)

      VARH(37,IDX)=QSA

	    SMM(125,MO,IDN2)=SMM(125,MO,IDN2)+QIX

	    SMM(126,MO,IDN2)=SMM(126,MO,IDN2)+QSA

	    SMM(127,MO,IDN2)=SMM(127,MO,IDN2)+RFRA

	    Q1=QIX+RFRA !Jaehak 2023 updated from: Q1=QIX+QSA+RFRA

	    Y1=YSD(NDRV,IDN1)

	    YU1=YMNU(IDN1)

	    RSM1=RSDM(LD1,IDN2)

	    XX=SP+EVRS(IDN2)

      X1=Q1/A10

      SMM(64,MO,IDN2)=SMM(64,MO,IDN2)+Q1

      VAR(64,IDN2)=Q1

      V0=V0+Q1

      IF(V0<=XX)THEN

          X1=V0/(XX+1.E-10)

          EVRS(IDN2)=EVRS(IDN2)*X1

          SP=SP*X1

          RSPK(IDN2)=.1*SP/WSA(IDN2)

          RSV(IDN2)=0.

          QVOL(IDO)=0.

          YSD(NDRV,IDO)=0.

          YN(IDO)=0.

          YP(IDO)=0.

          QN(IDO)=0.

          QP(IDO)=0.

          TSFN(IDO)=0.

          RSFN(IDO)=0.

	      RSYS(IDN2)=0.

	      RSOP(IDN2)=.0001

          RSON(IDN2)=.0001

	      RSSP(IDN2)=.0001

	      RSO3(IDN2)=.0001

	      DEP=YB

	  ELSE

          V0=V0-XX

          VRR=V0-RSVE(IDN2)

          OFLO=0.

	      OFP=0.

	      I1=1

	      A3=A1

          IF(VRR>0.)OFLO=VRR

          VVR=V0-RSVP(IDN2)

          IF(VVR>0.)THEN

	          X1=MIN(RSRR(IDN2),RSVE(IDN2)-RSVP(IDN2),VVR)

	          IF(ISAO(IDN2)==0)THEN

	              OFLO=OFLO+X1

	          ELSE

	              OFP=X1

	              I2=NISA(ISAO(IDN2))

	              I1=IDOA(I2)

	              A3=WSA(I2)

                  QRP(I1)=QRP(I1)+OFP

 	              SMM(111,MO,IDN2)=SMM(111,MO,IDN2)+OFP

	              VAR(111,IDN2)=VAR(111,IDN2)+OFP

	              V0=V0-OFP

	          END IF    

              V0=V0-OFLO

          END IF

          RSV(IDN2)=V0

          STV(13,MO,IDN2)=V0

          VARS(13)=V0

          XX=MAX(.1,V0+RVP0(IDN2)-RSVP(IDN2)+RVE0(IDN2)-RSVE(IDN2))

          X2=BR1(IDN2)*XX**BR2(IDN2)

          RSSA(IDN2)=MIN(X2,RSAE(IDN2))

          SALA(IDN2)=MAX(0.,WSA(IDN2)-RSSA(IDN2))

          VV=MAX(1.E-5,V0+OFLO+OFP)

          SMM(65,MO,IDN2)=SMM(65,MO,IDN2)+OFLO

          VAR(65,IDN2)=OFLO

          WYLD(IDO)=OFLO

          VARH(34,IDO)=OFLO

          SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+OFLO

          VARH(35,IDO)=OFLO/86400.

          SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

          QVOL(IDO)=OFLO

	      IF(IEXT(IDN2)==0.AND.V0>RSVP(IDN2))THEN

              !COMPUTE BACKWATER VOLUME

              SUM=WSA(IDN2)

              SUM1=SUM

              X1=24.*RSHC(IDN2)

              IF(RSSA(IDN2)<SUM)THEN

                  RTO=RSSA(IDN2)/WSA(IDN2)

                  RSPK(IDN2)=X1*RTO

                  IQT=1

              ELSE

                  RSPK(IDN2)=X1

                  IQT=0

              END IF    

              !DISTRIBUTE BACKWATER TO UPSTREAM SA'S

              DO

                  IF(IQT>0)EXIT

                  SUM=SUM+WSA(II)

                  IF(RSSA(IDN2)<SUM)THEN

                      RTO=(RSSA(IDN2)-SUM1)/WSA(II)

                      RSPK(II)=X1*RTO

                      IQT=1

                  ELSE

                      RSPK(II)=X1

                  END IF

                  VBK(II)=10.*RSPK(II)*WSA(II)

                  SMM(86,MO,II)=SMM(86,MO,II)+VBK(II)

                  VAR(86,II)=VBK(II)

                  II=II-1

                  SUM1=SUM

              END DO 

          ELSE

              RSPK(IDN2)=240.*RSHC(IDN2)*RSSA(IDN2)

              SMM(86,MO,IDN2)=SMM(86,MO,IDN2)+RSPK(IDN2)

          END IF

          YY=RSYS(IDN2)+Y1

	      IF(YY>0.)THEN

              SMM(68,MO,IDN2)=SMM(68,MO,IDN2)+Y1

              VAR(68,IDN2)=Y1

              CY=YY/VV

              CD=MAX(RSYN(IDN2),(CY-RSYN(IDN2))*RSDP(IDN2)+RSYN(IDN2))

	          X1=MIN(CD,CY)

              Y2=OFLO*X1

	          Y2O=MIN(YY,OFP*X1)

	          YSD(NDRV,I1)=YSD(NDRV,I1)+Y2O/A3

	          SMM(112,MO,IDN2)=SMM(112,MO,IDN2)+Y2O

	          VAR(112,IDN2)=Y2O

	          YSD(NDRV,IDO)=Y2/A1

	          RSM1=WSA(IDN2)*RSM1

	          YYU=RSM1+YU1

	          CUN=YYU/VV

	          CDU=CD*CUN/CY

	          X1=MIN(CDU,CUN)

	          YU2=MIN(OFLO*X1,.5*YU1+.1*RSM1)

	          YMNU(IDO)=MAX(0.,YU2)

	          RSDM(LD1,IDN2)=(YYU-YU2)/WSA(IDN2)

	          SMM(69,MO,IDN2)=SMM(69,MO,IDN2)+Y2

              VAR(69,IDN2)=Y2

              DEP=MAX(0.,V0*(CY-CD))

              SRCH(13,IDO)=SRCH(13,IDO)+DEP

              SMM(70,MO,IDN2)=SMM(70,MO,IDN2)+DEP

              VAR(70,IDN2)=DEP

              X1=YY-Y2-Y2O-DEP

              RSYS(IDN2)=MAX(1.E-10,X1)

              XX=X1/A1

              STV(14,MO,IDN2)=X1

              VARS(14)=XX

              TOT=0.

              DRTO=MIN(1.,(.001+Y2)/(Y1+.001))

              B1=LOG(DRTO)/4.47

              DO I=1,NSZ

                  PCTH(I,IDO)=PCT(I,IDN1)

                  X1=MAX(-10.,B1*PSZY(I))

                  PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

                  TOT=TOT+PCT(I,IDO)

              END DO

              DO I=1,NSZ

                  PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

              END DO

              YX=YY+1.E-5

	          RSON(IDN2)=RSON(IDN2)+YN(IDN1)*A1

              CON=RSON(IDN2)/YX

	          RSOP(IDN2)=RSOP(IDN2)+YP(IDN1)*A1

              COP=RSOP(IDN2)/YX

	          X2=Y2+DEP+Y2O

              X1=CON*X2

              RTO=X1/RSON(IDN2)

              IF(RTO>.1)THEN

                  X1=.1*RSON(IDN2)

                  CON=X1/X2

              END IF

              YN(IDO)=CON*Y2/A1

              DRTP=MIN(1.,(.001+Y2O)/(Y1+.001))

	          X3=MIN(RSON(IDN2),CON*Y2O)

	          SMM(113,MO,IDN2)=SMM(113,MO,IDN2)+X3

              VAR(113,IDN2)=X3

              YN(I1)=YN(I1)+X3/A3

              RSON(IDN2)=MAX(.01,RSON(IDN2)-X1)

              X1=COP*X2

              RTO=X1/RSOP(IDN2)

              IF(RTO>.1)THEN

                  X1=.1*RSOP(IDN2)

                  COP=X1/X2

              END IF

              YP(IDO)=COP*Y2/A1

	          X3=MIN(RSOP(IDN2),COP*Y2O)

	          SMM(114,MO,IDN2)=SMM(114,MO,IDN2)+X3

              VAR(114,IDN2)=X3

              YP(I1)=YP(I1)+X3/A3

              RSOP(IDN2)=MAX(.01,RSOP(IDN2)-X1)

              RSO3(IDN2)=RSO3(IDN2)+A1*QN(IDN1)

              CO3=RSO3(IDN2)/VV

              RSSP(IDN2)=RSSP(IDN2)+A1*QP(IDN1)

              CSP=RSSP(IDN2)/VV

              QN(IDO)=OFLO*CO3

	          X3=OFP*CO3

	          SMM(115,MO,IDN2)=SMM(115,MO,IDN2)+X3

	          QN(I1)=QN(I1)+X3/A3

              RSO3(IDN2)=MAX(.01,RSO3(IDN2)-QN(IDO)-X3)

              QP(IDO)=OFLO*CSP

	          X3=OFP*CSP

	          SMM(116,MO,IDN2)=SMM(116,MO,IDN2)+X3

	          QP(I1)=QP(I1)+X3/A3

              RSSP(IDN2)=MAX(.01,RSSP(IDN2)-QP(IDO)-X3)

              QN(IDO)=QN(IDO)/A1

              QP(IDO)=QP(IDO)/A1

          END IF    

      END IF    

      SMM(66,MO,IDN2)=SMM(66,MO,IDN2)+EVRS(IDN2)

      VAR(66,IDN2)=EVRS(IDN2)

      TREV=TREV+EVRS(IDN2)

      SAET=10.*SALA(IDN2)*AET

      TSAE=TSAE+SAET

      SMM(67,MO,IDN2)=SMM(67,MO,IDN2)+SP

      VAR(67,IDN2)=SP

      X1=DEP/RSBD(IDN2)

      RSVP(IDN2)=MAX(0.,RSVP(IDN2)-X1)

	  RSVE(IDN2)=MAX(0.,RSVE(IDN2)-X1)

	  DF=YB+Y1-Y2-Y2O-DEP-RSYS(IDN2)

	  IF(KFL(13)==0)RETURN

	  !IF(ABS(DF)>1.E-5)WRITE(KW(13),13)DF

	  WRITE(KW(13),12)IDN2,NBSA(IDN2),IY,MO,KDA,RFRA,QSA,QIX,EVRS(IDN2),SP,&

      OFLO,RSV(IDN2),RSVP(IDN2),RSVE(IDN2),Y1,Y2O,DEP,RSSA(IDN2),VBK(2),VBK(1)

      RETURN     

   12 FORMAT(1X,2I4,1X,3I4,2X,4F10.0,F10.3,4F10.0,4F10.2,2F10.3)

   13 FORMAT(1X,'!!!!!',E16.6)	 

	  END 

      






src/RESYB.f90

      SUBROUTINE RESYB(YI,YO,YRP,DEP,RSYF,RSYB,ISA,KFL,KW,NBSA,MSO,IPR)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE RESERVOIR SEDIMENT BALANCE AT THE END

!     OF A SIMULATION.

      DIMENSION NBSA(ISA),KFL(MSO+1),KW(MSO)

      DF=RSYB+YI-YO-YRP-DEP-RSYF

      PER=100.*DF/(DEP+1.E-10)

	  IF(ABS(PER)>1..OR.KFL(1)>0)THEN

	      IF(IPR>0)THEN

	          WRITE(KW(1),2)ISA,NBSA(ISA)

	      ELSE

	          WRITE(KW(1),4)ISA,NBSA(ISA)

	      END IF

	      WRITE(KW(1),3)PER,DF,RSYB,YI,DEP,YO,YRP,RSYF

	  END IF

      RETURN

    2 FORMAT(/T10,'RESERVOIR SED BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'RSYB=',E13.6,2X,&

     &'YI  =',E13.6,2X,'DEP =',E13.6,2X,'YO  =',E13.6/5X,'YRP =',E13.6,&

     &2X,'RSYF=',E13.6)

    4 FORMAT(/T10,'POND SED BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/ROUTE.f90

      SUBROUTINE ROUTE

!     APEX1501

!     THIS SUBPROGRAM CONTROLS ROUTING OPERATIONS.

      USE PARM 

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDNB(IDO)=NBSA(IDN2)

      QVOL(IDO)=QVOL(IDN1)

      RSSF(IDO)=RSSF(IDN1)

      SST(IDO)=SST(IDN1)

      VARH(15,IDN1)=SST(IDN1)

      VARH(15,IDO)=SST(IDN1)

      QDR(IDO)=QDR(IDN1)

      QRF(IDO)=QRF(IDN1)

      WYLD(IDO)=WYLD(IDN1)

      IDNF(IDN2)=IDN1

      SMIO(IDN1)=SMIO(IDN1)+WYLD(IDN1)

      VARH(36,IDN1)=WYLD(IDN1)

      VSSN(IDN1)=TSFN(IDN1)

      SSN(IDN1)=SSN(IDN1)+TSFN(IDN1)

      RWSA(IDO)=RWSA(IDN1)

      TC(IDO)=TC(IDN1)

      RSFN(IDO)=RSFN(IDN1)

      QDRN(IDO)=QDRN(IDN1)

      QRFN(IDO)=QRFN(IDN1)

      RQRB(IDO)=RQRB(IDN1)

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDN1)

      END DO

      DO K=1,NDP

          QPST(K,IDO)=QPST(K,IDN1)

          TSPS(K,IDO)=TSPS(K,IDN1)

	      YPST(K,IDO)=YPST(K,IDN1)

      END DO

      X2=RWSA(IDN1)/WSA(IDN2)

      !X6=SST(IDN1)*X2

      X5=TSFN(IDN1)

      II=IDOA(IDN2)

      SST(II)=SST(IDN1)

      TSFN(IDO)=X5

      TSFN(II)=X5

      SSIN(IDN2)=SSIN(IDN2)+X5

      X5=X5/WSA(IDN2)

      X2=X5/Z(LID(NBSL(IDN2),IDN2),IDN2)

      !SSFI(IDN2)=SSFI(IDN2)+X6

      !SMM(95,MO,IDN2)=SMM(95,MO,IDN2)+X6

      !VAR(95,IDN2)=X6

      X6=.1*SST(IDN1)/WSA(IDN2)

      XX=X6/Z(LID(NBSL(IDN2),IDN2),IDN2)

      Z1=0.

      DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          X1=Z(ISL,IDN2)-Z1

          X3=XX*X1

          X4=X2*X1

          WNO3(ISL,IDN2)=WNO3(ISL,IDN2)+X4

          SWST(ISL,IDN2)=SWST(ISL,IDN2)+X3

          Z1=Z(ISL,IDN2)

      END DO

      YSD(NDRV,IDO)=0.

      YN(IDO)=0.

      YP(IDO)=0.

      YC(IDO)=0.

      QC(IDO)=0.

      QN(IDO)=0.

      QP(IDO)=0.

	  QPU(IDO)=0.

      YMNU(IDO)=0.

      YCOU(IDO)=0.

      YNOU(IDO)=0.

      YPOU(IDO)=0.

      CALL EYCC(IDN2)

      IF(IHY==0.AND.WYLD(IDO)>0.)THEN

          CALL RTSED

      ELSE    

          IF(NHY(IDN1)>0.)THEN

              SELECT CASE(IHY)

                  CASE(1)

                      CALL RTVSC

                  CASE(2)

                      CALL RTSVS

                  CASE(3)

                      CALL RTM_CVC

                  CASE(4)

                      CALL RTM_CVC4

                  CASE DEFAULT

                      CALL RTVSC

              END SELECT                                      

          END IF

      END IF    

      RETURN

      END






src/RTADD.f90

      SUBROUTINE RTADD

!     APEX1501

!     THIS SUBPROGRAM ADDS SUBAREA OUTPUTS TO ROUTED OUTPUTS TO

!     DETERMINE TOTAL OUTPUT FROM A ROUTING REACH.

      USE PARM

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      Z1=RWSA(IDN1)

      Z2=RWSA(IDN2)

      !IDOR(IDN2)=IDO

      Z3=Z1+Z2

      RWSA(IDO)=Z3

      RQRB(IDO)=0.

      QVOL(IDO)=QVOL(IDN1)+QVOL(IDN2)

      QMM=.1*QVOL(IDO)/Z3

      VARH(2,IDO)=QVOL(IDO)/86400.

      SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

      RSSF(IDO)=RSSF(IDN1)+RSSF(IDN2)

      QRF(IDO)=QRF(IDN1)+QRF(IDN2)

      QDR(IDO)=QDR(IDN1)+QDR(IDN2)

      CPVH(IDO)=(CPVH(IDN1)*Z1+CPVH(IDN2)*Z2)/Z3

      QN(IDO)=QN(IDN1)+QN(IDN2)

      QC(IDO)=QC(IDN1)+QC(IDN2)

      QP(IDO)=QP(IDN1)+QP(IDN2)

      QPU(IDO)=(QPU(IDN1)*Z1+QPU(IDN2)*Z2)/Z3

      YSD(NDRV,IDO)=YSD(NDRV,IDN1)+YSD(NDRV,IDN2)

      YC(IDO)=YC(IDN1)+YC(IDN2)

      YN(IDO)=YN(IDN1)+YN(IDN2)

      YP(IDO)=YP(IDN1)+YP(IDN2)

      YPM(IDO)=(YPM(IDN1)*Z1+YPM(IDN2)*Z2)/Z3

      YMNU(IDO)=YMNU(IDN1)+YMNU(IDN2)

      YCOU(IDO)=YCOU(IDN1)+YCOU(IDN2)

      YNOU(IDO)=YNOU(IDN1)+YNOU(IDN2)

      YPOU(IDO)=YPOU(IDN1)+YPOU(IDN2)

      QDRP(IDO)=(QDRP(IDN1)*Z1+QDRP(IDN2)*Z2)/Z3

      IF(ICDT(ICMD-2)==2)THEN

          II=NISA(IDNB(IDN1))

          IJ=IDOA(II)

          IDOR(II)=IDO

          SST(IDO)=SST(IJ)

      ELSE

          SST(IDO)=SST(IDN1)+SST(IDN2)

      END IF

      VARH(15,IDO)=SST(IDO)

      SMMH(15,MO,IDO)=SMMH(15,MO,IDO)+SST(IDO)

      TSFN(IDO)=TSFN(IDN1)+TSFN(IDN2)

      RSFN(IDO)=RSFN(IDN1)+RSFN(IDN2)

      QDRN(IDO)=QDRN(IDN1)+QDRN(IDN2)

      QRFN(IDO)=QRFN(IDN1)+QRFN(IDN2)

      SYC(IDO)=SYC(IDO)+YC(IDO)

      VYC(IDO)=YC(IDO)

      SQC(IDO)=SQC(IDO)+QC(IDO)

      VQC(IDO)=QC(IDO)

      SMQN(IDO)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      SQN(IDO)=SQN(IDO)+SMQN(IDO)

      VAQN(IDO)=SMQN(IDO)

      SQP(IDO)=SQP(IDO)+QP(IDO)

      VAQP(IDO)=QP(IDO)

      SYN(IDO)=SYN(IDO)+YN(IDO)

      VAYN(IDO)=YN(IDO)

      SYP(IDO)=SYP(IDO)+YP(IDO)

      VAYP(IDO)=YP(IDO)

      WYLD(IDO)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+QDR(IDO)+CPVH(IDO)

      VARH(34,IDO)=WYLD(IDO)

      SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+WYLD(IDO)

      VARH(35,IDO)=WYLD(IDO)/86400.

	  SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      VSSN(IDO)=TSFN(IDO)

      SSN(IDO)=SSN(IDO)+TSFN(IDO)

      SP2=0.

      SP4=0.

      DO K=1,NDP

          QPST(K,IDO)=(QPST(K,IDN1)*Z1+QPST(K,IDN2)*Z2)/Z3

          TSPS(K,IDO)=(TSPS(K,IDN1)*Z1+TSPS(K,IDN2)*Z2)/Z3

          RSPS(K,IDO)=(RSPS(K,IDN1)*Z1+RSPS(K,IDN2)*Z2)/Z3

          YPST(K,IDO)=(YPST(K,IDN1)*Z1+YPST(K,IDN2)*Z2)/Z3

          VARP(2,K,IDO)=QPST(K,IDO)

          SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO)

          VARP(4,K,IDO)=TSPS(K,IDO)

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+TSPS(K,IDO)

          VARP(5,K,IDO)=YPST(K,IDO)

          SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

          VARP(11,K,IDO)=RSPS(K,IDO)

          SMMP(11,K,MO,IDO)=SMMP(11,K,MO,IDO)+RSPS(K,IDO)

          SP2=SP2+QPST(K,IDO)

	      SP4=SP4+YPST(K,IDO)

      END DO

      VARH(6,IDO)=YSD(NDRV,IDO)

	  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

	  VARH(9,IDO)=YN(IDO)+YNOU(IDO)

	  SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+VARH(9,IDO)

	  VARH(11,IDO)=YP(IDO)+YPOU(IDO)

	  SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

	  VARH(13,IDO)=QN(IDO)    !+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

	  SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+VARH(13,IDO)

	  VARH(19,IDO)=QP(IDO)

	  SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+VARH(19,IDO)

	  VARH(27,IDO)=Z3*SP2

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

      VARH(29,IDO)=Z3*SP4

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  IF(WYLD(IDO)>0.)THEN

		  IF(QVOL(IDO)>0.)THEN

              TC(IDO)=(TC(IDN1)*QVOL(IDN1)+TC(IDN2)*QVOL(IDN2))/&

              (QVOL(IDN1)+QVOL(IDN2))

              IF(TC(IDO)>0.)THEN

	              TCAV(IDO)=TCAV(IDO)+TC(IDO)

			      ALTC=1.-EXP(-TC(IDO)*PRFF)

			      RQRB(IDO)=ALTC*QMM/TC(IDO)

			      PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

			      IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

			      NQRB(IDO)=NQRB(IDO)+1

			  END IF

	      ELSE

		      TC(IDO)=MAX(TC(IDN1),TC(IDN2))

			  PRFF=.042

			  ALTC=1.-EXP(-TC(IDO)*PRFF) 

	      END IF

	      !IF(KFL(9)>0.AND.ABS(Z3-RWSA(NCMD))<1.E-5)THEN

			  !X1=MAX(RQRB(IDO),X1/24.)

              !WRITE(KW(9),1202)IY,IYR,MO,KDA,QVOL(IDO),SST(IDO),&

              !QRF(IDO),RSSF(IDO),WYLD(IDO),X1,TC(IDO),ALTC

		  !END IF

	  END IF

      X1=YSD(NDRV,IDN1)*Z1

      X2=YSD(NDRV,IDN2)*Z2

      X3=X1+X2

      TOT=0.

      DO I=1,NSZ

          PCT(I,IDO)=MAX(.01,(PCT(I,IDN1)*X1+PCT(I,IDN2)*X2)/(X3+1.E-5))

          TOT=TOT+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PSZY(I)*PCT(I,IDO)

      END DO

      IF(KFL(NOFL)>0.AND.ICMD==ICMO(IOF))THEN

	      IF(IY==1.AND.IDA==1)WRITE(KW(NOFL),4082)Z3

          XTP(1)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+SST(IDO)+QDR(IDO)

	      SMSO(IOF)=SMSO(IOF)+XTP(1)

          XTP(2)=Z3*YSD(NDRV,IDO)

          XTP(3)=YN(IDO)

          XTP(4)=YP(IDO)

          XTP(5)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

          XTP(6)=QP(IDO)+QPU(IDO)

          WRITE(KW(NOFL),902)IDA,IYR,(XTP(I),I=1,6),(PSZ(I),PCT(I,IDO),&

          I=1,NSZ)

	      IOF=IOF+1

	      NOFL=NOFL+1

	  END IF

      IF(IHY==0)RETURN

      NHY(IDO)=MAX(NHY(IDN1),NHY(IDN2))

      IF(NHY(IDO)==0)RETURN

      IWH=0

      IF(QMM>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),11)IY,MO,KDA,IDN1,IDN2,IDO

          WRITE(KW(26),9)

      END IF

      IF(IHY>0)THEN

          T1=0.

          QPK=0.

          SUM=0.

          DO K=1,NPD

              QHY(K,IDO,IHX(1))=QHY(K,IDN1,IHX(1))+QHY(K,IDN2,IHX(1))

              SUM=SUM+QHY(K,IDO,IHX(1))

              IF(QHY(K,IDO,IHX(1))>QPK)THEN

                  QPK=QHY(K,IDO,IHX(1))

                  TPK=T1

              END IF

              IF(KFL(26)>0)WRITE(KW(26),6)T1,QHY(K,IDN1,IHX(1)),QHY(K,IDN2,&

              IHX(1)),QHY(K,IDO,IHX(1))

              T1=T1+DTHY

          END DO

          X2=Z3/(DTHY*360.)

          RQRB(IDO)=QPK/X2

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/X2

          HYDV(IDO)=SUM

          TC(IDO)=TPK

          !NQRB(IDO)=NQRB(IDO)+1

          !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !PRSD(IDO)=PRSD(IDO)+RQRB(IDO)*RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !X2=RQRB(IDO)/(SUM+1.E-10)

          !IF(X2>QRQB(IDO))QRQB(IDO)=X2

          !QRBQ(IDO)=QRBQ(IDO)+X2

          TCAV(IDO)=TCAV(IDO)+TC(IDO)

          IF(TC(IDO)<TCMX(IDO))THEN

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          ELSE

              TCMX(IDO)=TC(IDO)

          END IF

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),13)Z1,Z2,Z3,HYDV(IDN1),&

          HYDV(IDN2),SUM,QPK,TPK

          I=24

          DO J=2,MHX

              T1=T1-DTHY

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QHY(K,IDN1,IHX(J))+QHY(K,IDN2,IHX(J))

                  IF(KFL(26)>0)WRITE(KW(26),6)T1,QHY(K,IDN1,IHX(J)),QHY(K,IDN2,&

                  IHX(J)),QHY(K,IDO,IHX(J))

                  T1=T1+DTHY

              END DO

              IF(I>NHY(IDO).AND.QHY(NPD,IDO,IHX(J))<.1)EXIT

	      END DO

	  END IF

      RETURN

    6 FORMAT(9X,F8.3,4F10.3)

    9 FORMAT(//13X,'Th',5X,'QHY1m3/s',2X,'QHY2m3/s',2X,'QHYOm3/s')

   11 FORMAT(//T10,'ADD HYD'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X&

      ,'IDN2= ',I8,2X,'IDO= ',I8)

   13 FORMAT(T10,'WSA(IDN1)= ',F12.3,' ha',2X,'WSA(IDN2)= ',F12.3,' ha',&

      2X,'WSA(IDO)= ',F12.3,' ha'/T10,'QID1= ',F8.3,' mm',2X,'QID2= ',&

      F8.3,' mm',2X, 'QO= ',F8.3,' mm'/T10,'PEAK RATE= ',F8.3,' m3/s',2X,&

      'TP= ',F7.2,' h')

   14 FORMAT(T10,'ADD SED= ',F7.3,' t/ha')  

   12 FORMAT(5X,A2,3I8,3I4,5F10.2)

   17 FORMAT(20X,10E13.5)

  902 FORMAT(1X,I4,1X,I4,1X,20(1X,E16.6))

 1202 FORMAT(1X,4I4,15F10.2)  

 4082 FORMAT(///10X,'WATERSHED AREA = ',F10.2,' HA'/1X,'JDA   YR     TOT &

      FLOWm3        YSDt             YNkg             YPkg          TOT &

      NO3kg          QPkg',11X,3('PSZum',11X,'FRACTION',8X))  

      END






src/RTMCCEL.f90

      SUBROUTINE RTMCCEL(QFLO,AFLO,XMC,CLTY)

!     THIS SUB PROGRAM COMPUTES THE EXPONENT M OF FLOW AREA TO COMPUTE 

!     FLOW RATE

      USE PARM                                                     

      IF(QFLO<SCFS(1,IDN2))THEN

          XMC=XMS(1,IDN2)

      ELSE

          DO J=2,NPRC

              J1=J-1

              IF(QFLO<SCFS(J,IDN2))EXIT

          END DO

          J=MIN(J,NPRC)

          RTO=(QFLO-SCFS(J1,IDN2))/(SCFS(J,IDN2)-SCFS(J1,IDN2))

          XMC=RTO*(XMS(J,IDN2)-XMS(J1,IDN2))+XMS(J1,IDN2)

      END IF

      CLTY=XMC*QFLO/AFLO

      RETURN

      END






src/RTM_CVC.f90

      SUBROUTINE RTM_CVC

!     THIS SUBPROGRAM ROUTES HYDROGRAPHS THROUGH A REACH USING THE 

!     MUSKINGUM-CUNGE METHOD WITH VARIABLE C 

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP)

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1)

          WRITE(KW(26),1)

      END IF

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      SMI=0.

      NBCX=0

	  NBFX=0

	  QMS=0.

	  QMSI=0.

	  I=1

      DO J=1,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

      END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0)WRITE(KW(26),18)TM,ADD,ADD,ADD,ADD,ADD,ADD,&

          ADD,ADD,QMSI(L),QMS(L)

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      AI1=0.

      AO1=0.

      SUM=0.

      I=L

      ! ROUTING LOOP

      DO 

          I1=I-1

          SMI=SMI+QMSI(I)                                                                         

          QI2=QMSI(I)  

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)                                                                       

          Q3=(QI1+QI2+QO1)/3.

          A3=(AI1+AI2+AO1)/3.

          CALL HQDAV(AO2,CBW,Q3,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          !XMC=LOG10((QO1+Q3)/(QI1+QI2))/LOG10((AO1+AO2)/(AI1+AI2))

          !IF(XMC>2.)THEN

          !    XMC=2.

          !ELSE

          !    IF(XMC<1.)XMC=1.

          !END IF

          !AD1=AD1-QA(5)

          !DO J=5,2,-1

              !QA(J)=QA(J-1)

          !END DO

          !IF(QI1>0..AND.QI2>0.)QA(1)=LOG10(QI2/QI1)/LOG10(AI2/AI1)

          !AD1=AD1+QA(1)

          !XMC=AD1/5.

          CALL RTMCCEL(Q3,AO2,XMC,CLTY)

          TT=XL3/CLTY

          XX=Q3/((CHW+FPW)*CLTY*XLS)

          X0=.5*(1.-XX)

          X1=DTHY/TT

          ! CALCULATE M-C COEFS

          X2=2.*X0

          X3=1.-X0

          C0=X1+2.*X3

          C1=(X1+X2)/C0

          C2=(X1-X2)/C0

          C3=(2.*X3-X1)/C0

          ! CALCULATE OUTFLOW AT TIME 2.

          QO2=MAX(0.,C1*QI1+C2*QI2+C3*QO1)

          CALL HQDAV(AO2,CBW,QO2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          AI1=AI2

          AO1=AO2

          QMS(I)=QO2

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF

          IF(KFL(26)>0)WRITE(KW(26),18)TM,XMC,CLTY,TT,X0,C0,C1,C2,C3,&

          QI2,QO2

          TM=TM+DTHY

          SUM=SUM+QO2

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      RQRB(IDO)=QPK/CMS

      TC(IDO)=TPK

      IF(SUM>0.)THEN

          ! CORRECT OUTFLOW HYD VOL TO AGREE WITH INFLOW

          RTO=SMI/SUM

          TM=0.

          DO I=1,NHY(IDO)

              QMS(I)=QMS(I)*RTO

              TM=TM+DTHY

              IF(QMS(I)>=QPK)THEN

                  QPK=QMS(I)

                  TPK=TM

              END IF

              QAV=.25*(QMSI(I1)+QMSI(I)+QMS(I1)+QMS(I))

	          !IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	          DF=TOT+TDEG-TDEP-ADD

          END DO

          SUM=0.

          TM=0.

          I=0

          ! PLACE DAY 1 OUTFLOW INTO QHY(IHX(1)) 

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(1))=QMS(I)

              SUM=SUM+QHY(K,IDO,IHX(1))

              TM=TM+DTHY

          END DO

          ! COMPUTE OUTFLOW VOL

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

          HYDV(IDO)=SUM

          ! PLACE DAY 2/MHX OUTFLOW INTO QHY(IHX(J))

          DO J=2,MHX

              I=I-1

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QMS(I)

              END DO

              IF(I>NHY(IDO))EXIT

          END DO

	      RQRB(IDO)=QPK/CMS

	      TC(IDO)=TPK

	      TCAV(IDO)=TCAV(IDO)+TPK

	      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !NQRB(IDO)=NQRB(IDO)+1

          IF(TC(IDO)>TCMX(IDO))THEN

              TCMX(IDO)=TC(IDO)

          ELSE

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          END IF    

          IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	      IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	      NBCT(IDN2)=NBCT(IDN2)+NBCX

	      NBFT(IDN2)=NBFT(IDN2)+NBFX

      ELSE

          NHY(IDO)=0	      

	  END IF

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,5X,'Th',8X,'M',9X,'CLTYm/s',3X,'TTh',7X,'X0',8X,&

      'C0',8X,'C1',8X,'C2',8X,'C3',8x,'QIm3/s',4x,'QOm3/s')

    3 FORMAT(T10,'VOL=',F8.3,' mm',3X,'PEAK=',F8.3,' m3/s')

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',&

      F8.3,' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YIN= ',F8.3,' t/ha')    

    6 FORMAT(6X,2I4,20F10.3)

    7 FORMAT(//9X,'#',5X,'Th',8X,'RFmm',6X,'QIm3/s',4X,'Vm/s&

      ',6X,'TTh',7X,'C',9X,'QI+STm3/s',1X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',&

      5X,'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h'/T10,&

      'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',2X,'DEP= ',F8.3,' t/ha',&

      2X,'YO= ',F8.3,'t/ha')                                                                                                                                                                                                                        

   17 FORMAT(3I4,F10.3,F10.1,F10.4)

   18 FORMAT(6X,20F10.3)                                                                                                                     

      END      






src/RTM_CVC4.f90

      SUBROUTINE RTM_CVC4

!     THIS SUBPROGRAM ROUTES HYDROGRAPHS THROUGH A REACH USING THE 

!     MUSKINGUM-CUNGE METHOD WITH VARIABLE C WITH 4 POINT ITERATIVE 

!     SOLUTION

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1)

          WRITE(KW(26),1)

      END IF

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      SMI=0.

      NBCX=0

	  NBFX=0

	  QMS=0.

	  QMSI=0.

	  I=1

      DO J=1,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

      END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0)WRITE(KW(26),18)NIT,TM,ADD,ADD,ADD,ADD,ADD,ADD,&

          ADD,ADD,QMSI(L),QMS(L)

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      T1=XL3/.1

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      GS=.01

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      AI1=0.

      AO1=0.

      SUM=0.

      I=L

      IIX=I

      ! ROUTING LOOP

      DO 

          I1=I-1

          SMI=SMI+QMSI(I)                                                                         

          QI2=QMSI(I)                                                                         

          QO2=0.

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          Q3=QI1+QI2+QO1

          GS=MAX(.01,Q3/3.)

          A3=AI1+AI2+AO1

          QIA=MAX(.1,QI1+QI2)

          AIA=AI2+AI1

          ! SOLVE FOR QO2 USING NEWTONS METHOD       

          DO IT=1,10                                                                  

              FU=QO2-GS

              ! IF THE DIFFERENCE IN SUCCESIVE APPROXIMATIONS OF QO2 IS 

              ! ACCEPTABLE SOLUTION IS COMPLETE.  GO TO NEXT TIME STEP.                                                                                   

              IF(ABS(FU/GS)<=1.E-3)EXIT

              IF(IT>1)THEN

                  DF=FU-FU1

                  ! IF THE DIFFERENCE IN SUCCESSIVE APPROXIMATIONS OF THE

                  ! CONVERGENCE FUNCTION IS ACCEPTABLE SOLN COMPLETE. 

                  ! NEXT TIME STEP                                                                                        

                  IF(ABS(DF)<1.E-5)EXIT

                  DG=GS-GS1

                  ! IF THE DIFFERENCE IN SUCCESSIVE GUESSES IS ACCEPTABLE

                  ! SOLN IS COMPLETE

                  IF(ABS(DG)<1.E-5)EXIT                                                                      

                  DFDG=DF/DG

                  XDG=FU/DFDG

                  GS1=GS     

                  X1=ABS(XDG)

                  X2=.5*GS

                  IF(X1>X2)XDG=X2*X1/XDG                                                                    

                  GS=MAX(.01,GS-XDG)                                                                 

              ELSE

                  GS1=GS                                                            

                  GS=GS+.01*FU                                                                   

              END IF

              FU1=FU

              CALL HQDAV(AO2,CBW,GS,SSS,ZCH,ZO2,CHW,FPW,IDN2)

              QQQ=.25*(Q3+GS)

              AAA=.25*(A3+AO2)

              ! CALCULATE M (SLOPE OF Q/A)

              XMC=LOG10((QO1+GS)/QIA)/LOG10((AO1+AO2)/AIA)

              IF(XMC>2.)THEN

                  XMC=2.

              ELSE

                  IF(XMC<1.)XMC=1.

              END IF

              ! CALCULATE CELERITY

              CLTY=XMC*QQQ/AAA

              TT=RFPL(IDN2)/(3.6*CLTY)

              XX=QQQ/((CHW+FPW)*CLTY*XLS)

              X0=.5*(1.-XX)

              X1=DTHY/TT

              ! CALCULATE M-C COEFS

              X2=2.*X0

              X3=1.-X0

              C0=X1+2.*X3

              C1=(X1+X2)/C0

              C2=(X1-X2)/C0

              C3=(2.*X3-X1)/C0

              ! CALCULATE OUTFLOW AT TIME 2.

              QO2=MAX(0.,C1*QI1+C2*QI2+C3*QO1)

          END DO

          IF(IT>20)WRITE(KW(1),'(1X,A)')'MUSKINGUM 4 PT DID NOT CONVERGE'

          NIT=NIT+IT

          AI1=AI2

          AO1=AO2

          QMS(I)=QO2

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF

          IF(KFL(26)>0)WRITE(KW(26),18)IT,TM,XMC,CLTY,TT,X0,C0,C1,C2,C3,&

          QI2,QO2

          TM=TM+DTHY

          SUM=SUM+QO2

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      RQRB(IDO)=QPK/CMS

      TC(IDO)=TPK

      IF(SUM>0.)THEN

          ! CORRECT OUTFLOW HYD VOL TO AGREE WITH INFLOW

          RTO=SMI/SUM

          TM=0.

          DO I=1,NHY(IDO)

              QMS(I)=QMS(I)*RTO

              TM=TM+DTHY

              IF(QMS(I)>=QPK)THEN

                  QPK=QMS(I)

                  TPK=TM

              END IF

              QAV=.25*(QMSI(I1)+QMSI(I)+QMS(I1)+QMS(I))

	          !IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	          DF=TOT+TDEG-TDEP-ADD

          END DO

          SUM=0.

          TM=0.

          I=0

          ! PLACE DAY 1 OUTFLOW INTO QHY(IHX(1)) 

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(1))=QMS(I)

              SUM=SUM+QHY(K,IDO,IHX(1))

              TM=TM+DTHY

          END DO

          ! COMPUTE OUTFLOW VOL

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

          HYDV(IDO)=SUM

          ! PLACE DAY 2/MHX OUTFLOW INTO QHY(IHX(J))

          DO J=2,MHX

              I=I-1

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QMS(I)

              END DO

              IF(I>NHY(IDO))EXIT

          END DO

	      RQRB(IDO)=QPK/CMS

	      TC(IDO)=TPK

	      TCAV(IDO)=TCAV(IDO)+TPK

	      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !NQRB(IDO)=NQRB(IDO)+1

          IF(TC(IDO)>TCMX(IDO))THEN

              TCMX(IDO)=TC(IDO)

          ELSE

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          END IF    

          XO=NHY(IDO)-IIX

          XIT=NIT

          XO=XIT/XO

          IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	      IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	      NBCT(IDN2)=NBCT(IDN2)+NBCX

	      NBFT(IDN2)=NBFT(IDN2)+NBFX

      ELSE

          NHY(IDO)=0	      

	  END IF

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,'IT',5X,'Th',8X,'M',9X,'CLTYm/s',3X,'TTh',7X,'X0',8X,&

      'C0',8X,'C1',8X,'C2',8X,'C3',8x,'QIm3/s',4x,'QOm3/s')

    3 FORMAT(T10,'VOL=',F8.3,' mm',3X,'PEAK=',F8.3,' m3/s')

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',&

      F8.3,' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YIN= ',F8.3,' t/ha')    

    6 FORMAT(6X,2I4,20F10.3)

    7 FORMAT(//9X,'#  IT',5X,'Th',8X,'RFmm',6X,'QIm3/s',4X,'Vm/s&

      ',6X,'TTh',7X,'C',9X,'QI+STm3/s',1X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',&

      5X,'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',&

      2X,'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')                                                                                                                                                                                                                        

   17 FORMAT(3I4,F10.3,F10.1,F10.4)

   18 FORMAT(6X,I4,20F10.3)                                                                                                                     

      END      






src/RTSED.f90

      SUBROUTINE RTSED

!     APEX1501

!     THIS SUBPROGRAM ROUTES SEDIMENT THRU A REACH USING A DAILY TIME

!     STEP. POTENTIAL SEDIMENT CONC IS ESTIMATED AS A FUNCTION OF

!     VELOCITY. NET DEPOSITION OR DEGRADATION MAY RESULT DEPENDING ON

!     CONC OF REACH INFLOW, VEGETATIVE COVER, AND CHANNEL ERODIBILITY.

      USE PARM 

      LD1=LID(1,IDN2)

      DEPC(IDN2)=0.

      WSAX=RWSA(IDN1)

	  WSAX1=10.*WSAX

	  WSA2=WSA(IDN2)

	  Q1M3=WYLD(IDN1)

	  Q1MM=Q1M3/WSAX1

	  Q2MM=Q1MM

      Q2M3=Q1M3

	  Y1T=YSD(NDRV,IDN1)

      VARH(33,IDO)=Q1M3/86400.

	  SMMH(33,MO,IDO)=SMMH(33,MO,IDO)+VARH(33,IDO)

	  VARH(1,IDO)=QVOL(IDN1)/86400.

	  SMMH(1,MO,IDO)=SMMH(1,MO,IDO)+VARH(1,IDO)

	  VARH(5,IDO)=Y1T

	  SMMH(5,MO,IDO)=SMMH(5,MO,IDO)+VARH(5,IDO)

	  VARH(8,IDO)=YN(IDN1)

	  SMMH(8,MO,IDO)=SMMH(8,MO,IDO)+YN(IDN1)

	  VARH(10,IDO)=YP(IDN1)	

	  SMMH(10,MO,IDO)=SMMH(10,MO,IDO)+VARH(10,IDO)

      SMMH(15,MO,IDN1)=SMMH(15,MO,IDN1)+SST(IDN1)

      YU1=YMNU(IDN1)

      RSM1=RSDM(LD1,IDN2)

      RSMC=.1*RSM1*RCHL(IDN2)*RCTW(IDN2)/WSA2

      RSMF=.1*RSM1*RFPL(IDN2)*RFPW(IDN2)/WSA2

      ADD=0.

      TOT=0.

      DO J=1,12

          TOT=TOT+STDP(J,IDN2)

          ADD=ADD+UP1(J,IDN2)

      END DO

      TP1=WSA2*(WPML(LD1,IDN2)+WPO(LD1,IDN2)+WPOU(LD1,IDN2)+TOT+&

      STDOP(IDN2)+ADD)

      !AD1=0.

      !DO I=1,NBSL(IDN2)

          !ISL=LID(I,IDN2)

          !AD1=AD1+PSTZ(1,ISL,IDN2)

      !END DO

      AD1=WSA2*(WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2))

      TOT1=WSA2*(WBMC(LD1,IDN2)+WHSC(LD1,IDN2)+WHPC(LD1,IDN2)+WLSC(LD1,IDN2)+WLMC(LD1,IDN2))

      !TOT1=WNOU(LD1,IDN2)+WNO3(LD1,IDN2)+WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+&

      !WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2)

      !ADI=WPOU(LD1,IDN2)+WPMU(LD1,IDN2)

	  YC(IDN1)=MAX(0.,YC(IDN1)-YCOU(IDN1))

      YN(IDN1)=MAX(0.,YN(IDN1)-YNOU(IDN1))

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      CIN=Y1T/Q1M3+1.E-10

	  VARH(7,IDN2)=1.E6*CIN

	  CUN=YU1/Q1M3

      IF(YU1<.01)THEN

          RTNU=0.

          RTCU=0.

          RTPU=0.

      ELSE

          RTCU=YCOU(IDN1)/YU1

          RTNU=YNOU(IDN1)/YU1

          RTPU=YPOU(IDN1)/YU1

      END IF

      X4=WSAX/(360.*(DUR+TC(IDN1)))

      QAV=Q1MM*X4  ! m3/s

      XMNU=0.

      XNOU=0.

      XCOU=0.

      XPOU=0.

      DEP=0.

      DEG=0.

      CYFP=0.

      QFP=0.

      QO=0.

      Y2T=0.

      CYCH=0.

      WSU=0.

      IF(FFPQ(IDN2)>0.)THEN

          ! BUFFER

          QFP=QAV*FFPQ(IDN2)

          QQ=QAV-QFP

          FPV=Q1M3*FFPQ(IDN2) ! m3

      ELSE

          ! NORMAL SA

          IF(QCAP(IDN2)>=QAV)GO TO 1

          QQ=QCAP(IDN2)

          QFP=QAV-QCAP(IDN2)

          FPV=QFP/X4 ! m3

      END IF

      ! CALCULATE FLOOD PLAIN HYDRAULICS

      DFP=(QFP/RFPX(IDN2))**.6

      VFP=QFP/(DFP*RFPW(IDN2))

      X1=QFP*VFP

      CYFP=PRMT(19)*VFP**PRMT(18)

      SMM(79,MO,IDN2)=SMM(79,MO,IDN2)+QFP

      VAR(79,IDN2)=QFP

      VFPA(IDN2)=VFPA(IDN2)+VFP

      IF(VFP>VFPB(IDN2))VFPB(IDN2)=VFP

      NBFF(IDN2)=NBFF(IDN2)+1

      WSU=.1*RFPW(IDN2)*RFPL(IDN2)

      TRT=RFPL(IDN2)/(3.6*VFP)

      IF(LUN(IDN2)/=35)THEN

          ! NORMAL SA

          IF(FFPQ(IDN2)>0.)THEN

              ! BUFFER

              XX=FPSC(IDN2)

              FPVMM=.1*FPV/WSU

              CALL HFPF(FPVMM,TRT,XX,Q2MM)

              FPF(IDN2)=FPVMM-Q2MM

          ELSE

              ! NORMAL SA

              XX=MIN(SATC(LID(2,IDN2),IDN2),FPSC(IDN2))

              FPVMM=.1*FPV/WSA2

              FPF(IDN2)=MIN(FPVMM,XX*TRT)

          END IF

          ! FP INFILTRATION ADDED TO TOP SOIL LAYER

          X2=MIN(Q2M3,10.*FPF(IDN2)*WSU) ! m3

          FPF(IDN2)=.1*X2/WSA2 ! mm

          SWST(LD1,IDN2)=SWST(LD1,IDN2)+FPF(IDN2)

          QO=MAX(0.,FPV-X2) ! m3

          Q2M3=Q2M3-X2

          SMM(98,MO,IDN2)=SMM(98,MO,IDN2)+FPF(IDN2)

	      VARH(4,IDO)=WSAX1*FPF(IDN2)/86400.

	      SMMH(4,MO,IDO)=SMMH(4,MO,IDO)+FPF(IDN2)

      ELSE

          ! IMPERVIOUS SA

          FPF(IDN2)=0.

      END IF    

      IF(QO>0.)THEN

          ! COMPUTE FP DEGRADATION OR DEPOSITION

          X7=PRMT(45)*TRT*PSZM(IDN1)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF   

          X5=(CYFP*QO-CIN*FPV)*F

          IF(X5>0.)THEN

              DEG=EK(IDN2)*CVF(IDN2)*X5

          ELSE

              DEP=-X5

          END IF

          GO TO 11

      END IF

      ! 0 OUTFLOW

      DEP=CIN*FPV ! t

      DPU=CUN*FPV ! t

      XMNU=XMNU-DPU

      XNOU=XNOU-YNOU(IDN1)

      XCOU=XCOU-YCOU(IDN1)

      XPOU=XPOU-YPOU(IDN1)

      ! IF(XNOU>0.)WRITE(KW(1),42)IDN2,NBSA(IDN2),IY,MO,KDA,YNOU(IDN1),

      ! 1XNOU

      GO TO 34

      ! FLOW CONTAINED IN CHANNEL

    1 X1=0.

      QQ=QAV ! m3

      GO TO 34

      ! MANURE EROSION

   11 X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF

      X5=(CYFP*QO-CUN*FPV)*F

      IF(X5>0.)GO TO 32

      DGU=X5

      RTOC=RTCU

      RTON=RTNU

      RTOP=RTPU

      GO TO 33

   32 IF(RSMF<.1)GO TO 34

      DGU=MIN(.9*RSMF,.5*CVF(IDN2)*X5)

      RTON=WNOU(LD1,IDN2)/RSM1

      RTOP=WPOU(LD1,IDN2)/RSM1

      RTOC=WCOU(LD1,IDN2)/RSM1

   33 XMNU=XMNU+DGU

      XNOU=XNOU+DGU*RTON/WSAX

      XCOU=XCOU+DGU*RTOC/WSAX

      XPOU=XPOU+DGU*RTOP/WSAX

   34 IF(QQ<1.E-5)THEN

          ! 0 CHANNEL FLOW

          VCH=0.

          IF(DEP<=1.E-10.AND.DEG<1.E-10)DEP=Y1T

          GO TO 10

      END IF

      ! CALCULATE CHANNEL HYDRAULICS

      DCH=MAX(.1,ZCH*LOG10(QQ+1.)/LOG10(QCAP(IDN2)+1.))

      X3=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      DO IT=1,10

          A=DCH*(CBW+DCH*RCSS(IDN2))

          P=CBW+2.*X3*DCH

          Q=A**1.66667*RCHX(IDN2)/P**.66667

          FU=Q-QQ

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.01)EXIT

          R=A/P

          DFDD=RCHX(IDN2)*(1.6667*R**.6667*(CBW+2.*DCH*RCSS(IDN2))-1.333&

          *R**1.66667*X3)

          DCH=DCH-FU/DFDD

      END DO

      IF(IT>10)WRITE(KW(1),16)IDN2,NBSA(IDN2),IYR,MO,KDA,QQ,Q,DFDD,DCH,ZCH

      VCH=QQ/A

      TRT=RCHL(IDN2)/(3.6*VCH)

      CYCH=PRMT(19)*VCH**PRMT(18)

      VCHA(IDN2)=VCHA(IDN2)+VCH

      IF(VCH>VCHB(IDN2))VCHB(IDN2)=VCH

      NBCF(IDN2)=NBCF(IDN2)+1

      CHV=QQ/X4 ! m3

      ! CALCULATE CH DEGRADATION OR DEPOSITION  

      X7=PRMT(45)*TRT*PSZM(IDN1)

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      X5=(CYCH-CIN)*CHV

      IF(X5>0.)THEN

          X5=RCHK(IDN2)*X5

          DEG=DEG+X5

      ELSE

          DEP=DEP-X5*F

          DPMT(IDN2)=DPMT(IDN2)-X5

          ZCH=ZCH+.1*X5/BD(LD1,IDN2)

      END IF

      ! CALCULATE CH MANURE EROSION

      X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      X5=(CYCH-CUN)*CHV

      IF(X5>0.)THEN

          IF(RSMC<.1)GO TO 41

          DGU=MIN(.9*RSMC,.5*RCHC(IDN2)*X5)

          RTON=WNOU(LD1,IDN2)/RSM1

          RTOP=WPOU(LD1,IDN2)/RSM1

          RTOC=WCOU(LD1,IDN2)/RSM1

      ELSE

          DGU=X5*F

          RTOC=RTCU

          RTON=RTNU

          RTOP=RTPU

      END IF   

      XMNU=XMNU+DGU

      XNOU=XNOU+DGU*RTON/WSAX

      XCOU=XCOU+DGU*RTOC/WSAX

      XPOU=XPOU+DGU*RTOP/WSAX

   41 DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          IF(ZCH<Z(ISL,IDN2))EXIT

      END DO

      ! CHANGE CH DEPTH CAUSED BY DEP/DEG 

      ZCH=ZCH+.1*X5/BD(ISL,IDN2)

      ! CALCULATE PEAK FLOW RATE OF OUTFLOW

   10 VAV=MAX(.1,(X1+VCH*QQ)/QAV)

      TRT=RCHL(IDN2)/(3.6*VAV)

      TC(IDO)=TC(IDN1)+TRT

      TCAV(IDO)=TCAV(IDO)+TC(IDO)

      ALTC=1.-EXP(-TC(IDO)*PRFF)

      RQRB(IDO)=ALTC*Q1MM/TC(IDO) ! mm/h

      PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      ! CALCULATE OUTFLOW SEDIMENT LOAD

      Y2T=MAX(0.,Y1T-DEP) ! t

      Y2T=Y2T+DEG

      !XX=10.*(CYCH*Q3+CYFP*QO)

      !IF(XX<Y1)Y2=(.5*Y1+XX)/1.5

      ! RECOMPUTE DEP/DEG

      IF(Y1T>Y2T)THEN

          DEP=Y1T-Y2T

          DEG=0.

      ELSE

          DEP=0.

          DEG=Y2T-Y1T

      END IF      

      SRCH(14,IDO)=SRCH(14,IDO)+DEG ! t

      SRCH(13,IDO)=SRCH(13,IDO)+DEP ! t

	  SDEP=SDEP+DEP

	  SDEG=SDEG+DEG

      ! COMPUTE EVAPORATION FROM FLOW

	  EVRT(IDN2)=MIN(Q2M3,10.*PRMT(91)*EO*WSU) ! m3

	  SMM(147,MO,IDN2)=SMM(147,MO,IDN2)+EVRT(IDN2)

      VAR(147,IDN2)=EVRT(IDN2)

	  VARH(3,IDO)=EVRT(IDN2)/86400.

	  SMMH(3,MO,IDO)=SMMH(3,MO,IDO)+VARH(3,IDO)

	  Q2M3=Q2M3-EVRT(IDN2)

      RSM1=WSA2*RSM1

      IF(Q2M3<1.E-10)Y2T=0.

      ! RECALCULATE MANURE EROSION

	  IF(RSM1>YU1)THEN

          X2=YU1

	  ELSE

	      X2=RSM1

	  END IF 

      X1=X2-XMNU

	  IF(X1<0.)XMNU=-X2

      YU2=YU1+XMNU

	  RSDM(LD1,IDN2)=(RSM1+YU1-YU2)/WSA2

	  ZZ=WLS(LD1,IDN2)+WLM(LD1,IDN2)

      RTO=WLS(LD1,IDN2)/(ZZ*WSA2)

      WLS(LD1,IDN2)=MAX(0.,WLS(LD1,IDN2)-RTO*XMNU)

      WLM(LD1,IDN2)=WLM(LD1,IDN2)-XMNU*(1.-RTO)

      WNOU(LD1,IDN2)=MAX(0.,WNOU(LD1,IDN2)-XNOU)

      WCOU(LD1,IDN2)=MAX(0.,WCOU(LD1,IDN2)-XCOU)

      WPOU(LD1,IDN2)=MAX(0.,WPOU(LD1,IDN2)-XPOU)

      TOT=0.

      ! COMPUTE DELIVERY RATIO

      DRTO=MIN(1.,Y2T/(Y1T+1.E-10))

	  DRTO=MAX(1.E-5,DRTO)

      DRAV(IDO)=DRAV(IDO)+DRTO

      B1=LOG(DRTO)/4.47

      ! CALCULATE PARTICLE SIZE DISTRIBUTION OF OUTFLOW SEDIMENT

      DO I=1,NSZ

	      PCTH(I,IDO)=PCT(I,IDN1)

          X1=MAX(-10.,B1*PSZY(I))

          PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

          TOT=TOT+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PSZY(I)*PCT(I,IDO)

      END DO

      ! COMPUTE ENRICHMENT RATIO FOR N & P

      IF(IERT==0)THEN

          B2=LOG10(DRTO)/2.699

          B1=1./.1**B2

          ERTO=MIN(3.5,B1*CIN**B2)

          IF(ERTO<1.)THEN

              ERTO=1.

              ERTP=1.

          END IF  

          ERTP=ERTO

      ELSE

          ERTO=MIN(3.5,PRMT(54)/CIN**PRMT(55))

          ERTP=MIN(3.5,PRMT(57)/CIN**PRMT(58))

      END IF

      ERAV(IDO)=ERAV(IDO)+ERTO

	  YNOU(IDO)=MAX(0.,YNOU(IDN1)+XNOU)

      YCOU(IDO)=MAX(0.,YCOU(IDN1)+XCOU)

	  RTO=MIN(ERTO*Y2T/(Y1T+1.E-10),1.)

      YN(IDO)=MAX(0.,YN(IDN1)*RTO)

      YC(IDO)=MAX(0.,YC(IDN1)*RTO)

      YN(IDO)=YN(IDO)+YNOU(IDO)

      X3=YN(IDN1)+YNOU(IDN1)-YN(IDO)

      X1=1.+X3/AD1

      WBMN(LD1,IDN2)=WBMN(LD1,IDN2)*X1

      WHSN(LD1,IDN2)=WHSN(LD1,IDN2)*X1

      WHPN(LD1,IDN2)=WHPN(LD1,IDN2)*X1

      WLSN(LD1,IDN2)=WLSN(LD1,IDN2)*X1

      WLMN(LD1,IDN2)=MAX(0.,WLMN(LD1,IDN2)*X1)

      X2=X2-XNOU

      SMM(91,MO,IDN2)=SMM(91,MO,IDN2)+X2

      VAR(91,IDN2)=X2

      YC(IDO)=YC(IDO)+YCOU(IDO)

      X3=YC(IDN1)+YCOU(IDN1)-YC(IDO)

      SMM(102,MO,IDN2)=SMM(102,MO,IDN2)+X3

      VAR(102,IDN2)=X3

      DEPC(IDN2)=X3

      !X2=YC(IDN1)-YC(IDO)

      X1=1.+X3/TOT1

      WBMC(LD1,IDN2)=WBMC(LD1,IDN2)*X1

      WHSC(LD1,IDN2)=WHSC(LD1,IDN2)*X1

      WHPC(LD1,IDN2)=WHPC(LD1,IDN2)*X1

      WLSC(LD1,IDN2)=WLSC(LD1,IDN2)*X1

      WLMC(LD1,IDN2)=WLMC(LD1,IDN2)*X1

      X4=MIN(1.,WLMC(LD1,IDN2)/(WLMC(LD1,IDN2)+WLSC(LD1,IDN2)))

      !WLMC(LD1,IDN2)=WLMC(LD1,IDN2)-X4*XCOU

      !WLSC(LD1,IDN2)=MAX(0.,WLSC(LD1,IDN2)-XCOU*(1.-X4))

      YPOU(IDO)=MAX(0.,YPOU(IDN1)+XPOU)

      YP(IDO)=MAX(0.,YP(IDN1)*RTO)

      YPM(IDO)=MAX(0.,YPM(IDN1)*RTO)

      X2=(YP(IDN1)-YP(IDO))/WSA2

      WPO(LD1,IDN2)=WPO(LD1,IDN2)+X2

      X2=X2-XPOU

      SMM(92,MO,IDN2)=SMM(92,MO,IDN2)+X2

      VAR(92,IDN2)=X2

      YSD(NDRV,IDO)=Y2T

      YMNU(IDO)=MAX(0.,YU2)

      ! CALCULATE WATER YIELD COMPONENTS OF OUTFLOW

	  QQ=Q2M3/Q1M3

	  QVOL(IDO)=QVOL(IDN1)*QQ

	  RSSF(IDO)=RSSF(IDN1)*QQ

	  QDR(IDO)=QDR(IDN1)*QQ

	  QRF(IDO)=QRF(IDN1)*QQ

	  CPVH(IDO)=CPVH(IDN1)*QQ

	  WYLD(IDO)=Q2M3

      X1=.1*Q2M3/(WSAX+WSA2)

      ! CALCULATE SOLUBLE N LOSS COMPONENTS

	  RSFN(IDO)=RSFN(IDN1)*QQ

	  QRFN(IDO)=QRFN(IDN1)*QQ

	  TSFN(IDO)=TSFN(IDN1)*QQ

	  QDRN(IDO)=QDRN(IDN1)*QQ

	  QDRP(IDO)=QDRP(IDN1)*QQ

      XX=1.-QQ

      ! CALCULATE SOLUBLE C COMPONENTS OF OUTFLOW

      X2=QC(IDN1)*XX

      QC(IDO)=QC(IDN1)-X2

      SMM(102,MO,IDN2)=SMM(102,MO,IDN2)+X2

      VAR(102,IDN2)=VAR(102,IDN2)+X2

      ! COMPUTE SOLUBLE C DEPOSITION AND ADD TO TOP SOIL LAYER

      DEPC(IDN2)=DEPC(IDN2)+X2

      X2=X2/WSA2

      WBMC(LD1,IDN2)=WBMC(LD1,IDN2)+X2

      WCMU(LD1,IDN2)=WCMU(LD1,IDN2)+X2

      ! COMPUTE SOLUBLE N DEPOSITION AND ADD TO TOP SOIL LAYER

      X2=QN(IDN1)*XX

      QN(IDO)=QN(IDN1)-X2

      SMM(91,MO,IDN2)=SMM(91,MO,IDN2)+X2

      VAR(91,IDN2)=VAR(91,IDN2)+X2

      WNO3(LD1,IDN2)=WNO3(LD1,IDN2)+X2/WSA2

      SMQN(IDO)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      ! COMPUTE SOLUBLE P DEPOSITION AND ADD TO TOP SOIL LAYER

      X2=QP(IDN1)*XX

      QP(IDO)=QP(IDN1)-X2

      WPML(LD1,IDN2)=WPML(LD1,IDN2)+X2/WSA2

	  SMM(92,MO,IDN2)=SMM(92,MO,IDN2)+X2

      VAR(92,IDN2)=VAR(92,IDN2)+X2

      !ADF=WPOU(LD1,IDN2)+WPMU(LD1,IDN2)

      !DPPX=ADI-ADF

      !DF=DPPX+YPOU(IDN1)-YPOU(IDO)+QPU(IDN1)-QPU(IDO)

      !IF(ABS(DF)>.001.OR.ABS(DPPX-VAR(92,IDN2))>.001)WRITE(KW(1),'(A,5I4,10E13.5)')&

      !' ?????',IDN2,NBSA(IDN2),IY,MO,KDA,YPOU(IDN1),YPOU(IDO),QPU(IDN1),&

      !QPU(IDO),VAR(92,IDN2),DPPX,ADI,ADF,DF

      !TOT2=WNOU(LD1,IDN2)+WNO3(LD1,IDN2)+WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+&

      !WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2)

      !TOT2=WSA2*(WBMC(LD1,IDN2)+WHSC(LD1,IDN2)+WHPC(LD1,IDN2)+WLSC(LD1,IDN2)+WLMC(LD1,IDN2))

      !DF=TOT1-TOT2+VYC(IDN1)-YC(IDO)+QC(IDN1)-QC(IDO)

      !IF(ABS(DF)>.01)WRITE(KW(1),'(A,5I4,20E13.5)')' !!!!!',IDN2,NBSA(IDN2),&

      !IY,MO,KDA,VYC(IDN1),YC(IDO),YCOU(IDN1),YCOU(IDO),QC(IDN1),QC(IDO),&

      !DEPC(IDN2),TOT1,TOT2,DF

      !DF=TOT1-TOT2+YN(IDN1)-YN(IDO)+QN(IDN1)-QN(IDO)+YNOU(IDN1)-YNOU(IDO)

      !IF(ABS(DF)>.01)WRITE(KW(1),'(A,5I4,20E13.5)')' !!!!!',IDN2,NBSA(IDN2),&

      !IY,MO,KDA,YN(IDN1),YN(IDO),YNOU(IDN1),YNOU(IDO),QN(IDN1),QN(IDO),&

      !TOT1,TOT2,DF

	  SP1=0.

	  SP2=0.

	  SP3=0.

	  SP4=0.

	  AD4=0.

	  DO K=1,NDP !PESTICIDE LOOP

	      TOT=0.

	      AD3=0.

	      X1=WSAX*QPST(K,IDN1)

          AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  QPST(K,IDO)=X2/WSAX

		  X1=WSAX*TSPS(K,IDN1)

		  AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  TSPS(K,IDO)=X2/WSAX

		  X1=WSAX*RSPS(K,IDN1)

		  AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  RSPS(K,IDO)=X2/WSAX

	      X3=TOT/WSA2

	      AD4=AD4+X3

		  PSTZ(K,LD1,IDN2)=PSTZ(K,LD1,IDN2)+X3

		  VARP(2,K,IDO)=QPST(K,IDO)

          SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO)

          VARP(4,K,IDO)=TSPS(K,IDO)

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+TSPS(K,IDO)

          X1=WSAX*YPST(K,IDN1)

          AD3=AD3+X1

	      X2=X1*RTO

	      X3=(X1-X2)/WSA2

	      PSTZ(K,LD1,IDN2)=PSTZ(K,LD1,IDN2)+X3

	      AD3=AD3/WSA2

	      SMMP(13,K,MO,IDOA(IDN2))=SMMP(13,K,MO,IDOA(IDN2))+AD3

		  YPST(K,IDO)=X2/WSAX

          VARP(5,K,IDO)=YPST(K,IDO)

          SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

          VARP(11,K,IDO)=RSPS(K,IDO)

          SMMP(11,K,MO,IDO)=SMMP(11,K,MO,IDO)+RSPS(K,IDO)

          SP1=SP1+QPST(K,IDN1)

	      SP2=SP2+QPST(K,IDO)

	      SP3=SP3+YPST(K,IDN1)

          SP4=SP4+YPST(K,IDO)

      END DO ! PESTICIDE LOOP

      ADD=0.

      TOT=0.

      DO J=1,12

          TOT=TOT+STDP(J,IDN2)

          ADD=ADD+UP1(J,IDN2)

      END DO

      TP2=WSA2*(WPML(LD1,IDN2)+WPO(LD1,IDN2)+WPOU(LD1,IDN2)+TOT+&

      STDOP(IDN2)+ADD)

      DF=TP1+YP(IDN1)-YP(IDO)+QP(IDN1)-QP(IDO)-TP2

      IF(ABS(DF)>1.)WRITE(KW(1),20)IY,MO,KDA,YP(IDN1),YP(IDO),QP(IDN1),QP(IDO),&

      TP1,TP2,DF

      !AD2=0.

      !DO I=1,NBSL(IDN2)

          !ISL=LID(I,IDN2)

          !AD2=AD2+PSTZ(1,ISL,IDN2)

      !END DO

      !DF=AD1+(WSAX*(QPST(1,IDN1)+TSPS(1,IDN1)+RSPS(1,IDN1)+YPST(1,&

      !IDN1))-RWSA2*(QPST(1,IDO)+TSPS(1,IDO)+RSPS(1,IDO)+YPST(1,&

      !IDO)))/WSA2-AD2

      !IF(ABS(DF)>.001)WRITE(KW(1),20)IY,MO,KDA,AD1,QPST(1,IDN1),TSPS(1,&

      !IDN1),RSPS(1,IDN1),YPST(1,IDN1),QPST(1,IDO),TSPS(1,IDO),RSPS(1,&

      !IDO),YPST(1,IDO),AD2,DF

   	  VARH(34,IDO)=Q2M3

	  SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+Q2M3

      VARH(35,IDO)=Q2M3/86400.

	  SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      VARH(2,IDO)=QVOL(IDO)/86400.

	  SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

	  VARH(6,IDO)=Y2T

	  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

	  VARH(9,IDO)=YN(IDO)

	  SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+YN(IDO)

	  VARH(11,IDO)=YP(IDO)+YPOU(IDO)

	  SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

	  VARH(12,IDO)=SMQN(IDN1)

	  SMMH(12,MO,IDO)=SMMH(12,MO,IDO)+SMQN(IDN1)

	  VARH(13,IDO)=QN(IDO)    !SMQN(IDO)

	  SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+QN(IDO)    !SMQN(IDO)

	  VARH(18,IDO)=QP(IDN1)

	  SMMH(18,MO,IDO)=SMMH(18,MO,IDO)+VARH(18,IDO)

	  VARH(19,IDO)=QP(IDO)

	  SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+VARH(19,IDO)

	  VARH(26,IDO)=WSAX*SP1

	  SMMH(26,MO,IDO)=SMMH(26,MO,IDO)+VARH(26,IDO)

	  VARH(27,IDO)=WSAX*SP2

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

	  VARH(28,IDO)=WSAX*SP3

	  SMMH(28,MO,IDO)=SMMH(28,MO,IDO)+VARH(28,IDO)

	  VARH(29,IDO)=WSAX*SP4

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  VARH(32,IDO)=WSAX*(SP3-SP4)	

      SMMH(32,MO,IDO)=SMMH(32,MO,IDO)+VARH(32,IDO)

      RETURN

   16 FORMAT(1X,'_______________RTSED DCH XCONV______________',&

      2I8,1X,3I4,5E13.5)

   20 FORMAT(1X,'!!!!!',3I4,20E13.5)     

      END






src/RTSVS.f90

      SUBROUTINE RTSVS                                                               

!     THIS SUBPROGRAM ROUTES A HYDROGRAPH THROUGH A REACH WITH THE                   

!     SVS METHOD OF FLOOD ROUTING.THIS METHOD ACCOUNTS FOR THE                   

!     VARIATION IN WATER SURFACE SLOPE.

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1),STY(IDN1)

          WRITE(KW(26),1)

      END IF

!     ROUTE THROUGH THE REACH

      QMSI=0.

      QMS=0.

      TOT=0.

      ADD=0.

      TM=0.

      STVSC=0.

      QPK=0.

      TPK=0.

      NBCX=0

	  NBFX=0

	  I=1

	  DO J=1,MHX

	      I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

	  END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      ADI=0.

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)NIT,TM,TOT,TOT,TOT,TOT,&

          TOT,TOT,TOT

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      XLT=XL3/DTHY

      V=.1 

      T1=XL3/V                                                                                                                                                                                                   

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      ADO=0.

      !     ROUTE UNTIL OUTFLOW IS GREATER THAN 0.                                                                                

      DO I=L,NHY(IDN1)

          I1=I-1                                                                    

          QI2=QMSI(I)                                                                    

          ADI=ADI+QI2

          AVIN=(QI2+QI1)/2.                                             

          SIA=STVSC+AVIN                                                                                                                               

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          DD=SQRT((XLS+ZI)/XLS)                                                          

          XFLO=QI2/DD

          CALL HQDAV(AII,CBW,XFLO,SSS,ZCH,ZII,CHW,FPW,IDN2)                                                            

          SMO=2.*ADI-QI2                                                         

          XFLO=SMO-XLT*AII

!         O2 = SUM OF INFLOW - STORAGE                                                                         

          IF(XFLO>0.)EXIT

          QMS(I)=0.

          ZOO=0.                                                                         

          AOO=0.

          V=.5*QI2/AII                                                                                                                                    

          TT=XL3/V

          QI1=QI2 

          STVSC=SIA                                                               

          TM=TM+DTHY

          WRITE(KW(1),6)NIT,TM,ZII,ZOO,AII,AOO,V,TT,QI2,QO2                                                    

      END DO                                                                  

      TOT=0.                                                                         

      ISM=I

      ! TIME STEP LOOP

      DO 

          I1=I-1

          QI2=QMSI(I)

          AVIN=(QI2+QI1)/2.                                             

          SIA=STVSC+AVIN

          G1=(QI1+QI2+QO1)/3.

          G10=G1

          GB=MAX(QI1,QI2,QO1)

          GL=0.

          ! COMPUTE NORMAL INFLOW

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          XX=(XLS+ZI2)/XLS

          DD=SQRT(XX)

          FLOI=QI2/DD

          CALL HQDAV(AII,CBW,FLOI,SSS,ZCH,ZII,CHW,FPW,IDN2)

          XFLO=SMO-XLT*AII

          IF(XFLO>0.)THEN     

              ! SOLVE FOR O2 USING HALF INTERVAL METHOD       

              DO IT=1,20

                  ! COMPUTE NORMAL OUTFLOW

                  CALL HQDAV(AO2,CBW,G1,SSS,ZCH,ZO2,CHW,FPW,IDN2)                                                            

                  XX=MAX(.75,(XLS+ZI2-ZO2)/XLS)

                  ! COMPUTE WATER SURFACE SLOPE

                  DD=SQRT(XX)

                  FLOI=QI2/DD

                  CALL HQDAV(AII,CBW,FLOI,SSS,ZCH,ZII,CHW,FPW,IDN2)                                                            

                  FLOO=G1/DD

                  CALL HQDAV(AOO,CBW,FLOO,SSS,ZCH,ZOO,CHW,FPW,IDN2)

                  Q1=SMO-XLT*(AII+AOO)

                  GQ=Q1-G1                                                                       

                  IF(ABS(GQ/(1.+G1))<.001)EXIT

                  IF(GQ>0.)THEN

                      GL=G1

                  ELSE

                      GB=G1

                  END IF

                  G1=.5*(GB+GL)

                  IF(ABS((GB-GL)/GB)<1.E-5)EXIT                                                                      

              END DO

              QO2=G1

          ELSE

              IT=99

              QO2=G10

              CALL HQDAV(AOO,CBW,QO2,SSS,ZCH,ZOO,CHW,FPW,IDN2)

          END IF    

          NIT=NIT+IT

          ADO=ADO+QO2

          V=(QI2+QO2)/(AII+AOO)                                                                                                                                    

          T2=XL3/V

          TT=.5*(T1+T2) 

          CVSC=MIN(.99,2.*DTHY/(2.*TT+DTHY))                                                                                                            

          O2=CVSC*SIA

          IF(IT>20)QO2=O2

          QMS(I)=QO2 

          STVSC=SIA-O2

          QAV=.25*(QI1+QI2+QO2+QO1)

	      IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	      DF=TOT+TDEG-TDEP-ADD

	      IF(KFL(26)>0)WRITE(KW(26),6)IT,TM,ZII,ZOO,AII,AOO,V,TT,QI2,QO2

	      !IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)I,IT,TIX,RFDT(I),QHY(I,&

          !IDN1),V,TT,C,SIA,STHY,QHY(I,IDO),TOT,TDEG,TDEP,ADD,DF

          !IF(STHY<1.E-10)EXIT

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF   

          I=I+1

          T1=T2

          QI1=QI2

          QO1=QO2

          TM=TM+DTHY              

          ADI=ADI+QMSI(I)

          SMO=2.*(ADI-ADO)-QMSI(I)                                              

	  END DO                                                         

      NHY(IDO)=I-1

      SUM=0.

      TM=0.

      I=0

      DO K=1,NPD

          I=I+1

          QHY(K,IDO,IHX(1))=QMS(I)

          SUM=SUM+QMS(I)

          TM=TM+DTHY

          IF(QMS(I)>QPK)THEN

              QPK=QMS(I)

              TPK=TM

          END IF

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

      HYDV(IDO)=SUM

      RQRB(IDO)=QPK/CMS

	  TC(IDO)=TPK

	  TCAV(IDO)=TCAV(IDO)+TPK

	  !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QMS(I)

          END DO

	  END DO                                                                        

      XO=I-ISM                                                                       

      XIT=NIT                                                                        

      XO=XIT/XO

      IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	  IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	  NBCT(IDN2)=NBCT(IDN2)+NBCX

	  NBFT(IDN2)=NBFT(IDN2)+NBFX

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,'IT',5X,'Th',8X,'ZIm',7X,'ZOm',7X,'AIm2',6X,&

	  'AOm2',6X,'Vm/s',6X,'TTh',7X,'QIm3/s',4X,'QOm3/s')      

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',F8.3,&

      ' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YI= ',F8.3,' t/ha',2X,'STY= ',&

      F8.3,' t/ha')

    6 FORMAT(6X,I4,20E16.6)

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',2X,&

      'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')

      END                                                                            






src/RTVSC.f90

      SUBROUTINE RTVSC

!     APEX1501

!     THIS SUBPROGRAM ROUTES FLOW THROUGH REACHES USING THE VARIABLE

!     STORAGE COEF METHOD

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1),&

          STY(IDN1)

          WRITE(KW(26),7)

      END IF

!     ROUTE THROUGH THE REACH

      QMSI=0.

      QMS=0.

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      NBCX=0

	  NBFX=0

	  I=1

	  DO J=1,MHX

	      I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

	  END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      ADI=0.

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)NIT,TM,TOT,TOT,TOT,TOT,&

          TOT,TOT,TOT,QMS(L),TOT,TOT,TOT,TOT,TOT

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLT=XL3/DTHY

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      STHY=0.

      SIA=0.

      QO2=0.

      !     ROUTE UNTIL OUTFLOW IS GREATER THAN 0.                                                                                

      DO I=L,NHY(IDN1)

          I1=I-1                                                                    

          QI2=QMSI(I)

          ADI=ADI+QI2

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          DD=SQRT((XLS+ZI)/XLS)                                                          

          XFLO=QI2/DD 

          CALL HQDAV(AII,CBW,XFLO,SSS,ZCH,ZII,CHW,FPW,IDN2)

          SMO=2.*ADI-QI2                                                         

          XFLO=SMO-XLT*AII

          !O2 = SUM OF INFLOW - STORAGE                                                                         

          IF(XFLO>0.)EXIT

          QMS(I)=0.

          STHY=STHY+QI2                                                                                                                                        

          ZOO=0.                                                                         

          AOO=0.                                                                         

          V=.5*QMSI(I)/AII                                                           

          TT=XL3/(V+1.E-5)                                                                

          CVSC=MIN(.99,2.*DTHY/(2.*TT+DTHY))

          QI1=QI2

          TM=TM+DTHY

          IF(KFL(26)>0)WRITE(KW(26),6)IT,TM,RFDT(I),QI2,V,TT,CVSC,SIA,STHY,QO2

          !WRITE(KW(26),6)NIT,TM,ZII,ZOO,AII,AOO,V,TT,CVSC,STHY,QI2,QO2

      END DO

      ISM=I

      IIY=0

      DO 

          I1=I-1

          QI2=QMSI(I)

          SIA=.5*(QI1+QI2)+STHY

          G1=(QI1+QI2+QO1)/3.

          GB=MAX(QI1,QI2,QO1)                      

          GL=0.

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          IF(IIY==0)THEN

              V=MAX(.1,QI2/AI)

              T1=XL3/V

              IIY=1

          END IF

          DO IT=1,20

              CALL HQDAV(AO,CBW,G1,SSS,ZCH,ZO,CHW,FPW,IDN2)

              XX=MAX(.75,(XLS+ZI-ZO)/XLS)

              DD=SQRT(XX)      

              V=MAX(.05,(QI2+G1)*DD/(AI+AO))

              T2=XL3/V

              TT=.5*(T1+T2)

              C=MIN(.99,2.*DTHY/(2.*TT+DTHY))

              !Q1=C*SIA

              Q1=C*(SIA-QO1/2.)

              GQ=Q1-G1                                                                       

                  IF(ABS(GQ/G1)<.001)EXIT

                  IF(GQ>0.)THEN

                      GL=G1

                  ELSE

                      GB=G1

                  END IF

                  G1=.5*(GB+GL)

                  IF(GB-GL<.001)EXIT                                                         

          END DO

          IF(IT>20)THEN

              IF(KFL(26)>0)WRITE(KW(26),47)QI1,QI2,QO1,DD,G1,Q1,GB,GL

          END IF

          NIT=NIT+IT

          QO2=MAX(.01,G1)                                                  

          QMS(I)=QO2 

          STHY=SIA-.5*(QO2+QO1)

          T1=T2

          QAV=.25*(QI1+QI2+QO2+QO1)

	      IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	      DF=TOT+TDEG-TDEP-ADD

	      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)IT,TM,RFDT(I),QI2,&

          V,TT,C,SIA,STHY,QO2,TOT,TDEG,TDEP,ADD,DF

          TM=TM+DTHY

          !IF(STHY<1.E-10)EXIT

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF   

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      SUM=0.

      TM=0.

      I=0

      DO K=1,NPD

          I=I+1

          QHY(K,IDO,IHX(1))=QMS(I)

          SUM=SUM+QMS(I)

          TM=TM+DTHY

          IF(QMS(I)>QPK)THEN

              QPK=QMS(I)

              TPK=TM

          END IF

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

      HYDV(IDO)=SUM

	  RQRB(IDO)=QPK/CMS

	  TC(IDO)=TPK

	  TCAV(IDO)=TCAV(IDO)+TPK

	  !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QMS(I)

          END DO

	  END DO

      XO=I-ISM

      XIT=NIT

      XO=XIT/XO

      IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	  IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	  NBCT(IDN2)=NBCT(IDN2)+NBCX

	  NBFT(IDN2)=NBFT(IDN2)+NBFX

      II=I+1

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',F8.3,&

      ' mm',2X,'QCAP= ',F8.3,' m3/s',2X,'YI= 'F8.3,' t/ha'/T10,'STY= ',&

      F8.3,' t/ha')

    6 FORMAT(6X,I4,20F10.3)

    7 FORMAT(//8X,'IT',5X,'Th',8X,'RFmm',5X,'QIm3/s',4X,'Vm/s',7X,'TTh',&

      7X,'C',5X,'QI+STm3/s',4X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',5X,&

      'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',&

      2X,'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')

   15 FORMAT(20X,7F7.2)

   47 FORMAT(// T2,'CONVERGENCE PROBLEM--QI1=',F10.4,' QI2=',F10.4,&

      ' QO1=',F10.4,' QO2=',F10.4,'  G=',F10.4,' G1=',F10.4//)                            

      END






src/RTYNP.f90

      SUBROUTINE RTYNP(QAV,SUM,TOT,IZ)

!     APEX1501

!     THIS SUBPROGRAM ROUTES SEDIMENT THRU A REACH USING THE TIME STEP 

!     OF THE RTVSC. POTENTIAL SEDIMENT CONC IS ESTIMATED AS A FUNCTION 

!     OF VELOCITY. NET DEPOSITION OR DEGRADATION MAY RESULT DEPENDING ON

!     CONC OF REACH INFLOW, VEGETATIVE COVER, AND CHANNEL ERODIBILITY.

      USE PARM

      LD1=LID(1,IDN2)

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

	  Y1=.5*(YHY(IZ,IDN1)+YHY(IZ-1,IDN1))

      Q1=QAV/CMS

	  CIN=.1*Y1/Q1

	  DEP=0.

      DEG=0.

      IF(QCAP(IDN2)<QAV)THEN

          QQ=QCAP(IDN2)

          QFP=QAV-QCAP(IDN2)

          DFP=(QFP/RFPX(IDN2))**.6

          VFP=QFP/(DFP*RFPW(IDN2))

          X1=QFP*VFP

          CYFP=PRMT(19)*VFP**PRMT(18)

          Q3=QFP/CMS

          SMM(79,MO,IDN2)=SMM(79,MO,IDN2)+Q3

          VAR(79,IDN2)=Q3

          VFPA(IDN2)=VFPA(IDN2)+VFP

          IF(VFP>VFPB(IDN2))VFPB(IDN2)=VFP

          NBFX=NBFX+1

          TRT=RFPL(IDN2)/(3.6*VFP)

          XX=FPSC(IDN2)

          F=MIN(Q3,XX*TRT)

          X2=F*RWSA(IDN1)/WSA(IDN2)

	      FPF(IDN2)=FPF(IDN2)+X2

          SMM(98,MO,IDN2)=SMM(98,MO,IDN2)+X2

          Q2=Q1-F

          QO=Q3-F

          IF(QO<1.E-5)THEN

              DEP=10.*CIN*Q3

              GO TO 34

          END IF

          X7=PRMT(45)*TRT*PSZM(IDN1)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF   

          X5=10.*(CYFP*QO-CIN*Q3)*F

          IF(X5>0.)THEN

              DEG=EK(IDN2)*CVF(IDN2)*X5

          ELSE

              DEP=-X5

          END IF

          GO TO 34

      END IF

      X1=0.

      QQ=QAV

   34 IF(QQ<1.E-5)THEN

          VCH=0.

          DEP=Y1

          GO TO 10

      END IF

      DCH=MAX(.1,ZCH*LOG10(QQ+1.)/LOG10(QCAP(IDN2)+1.))

      X3=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      DO IT=1,10

          A=DCH*(CBW+DCH*RCSS(IDN2))

          P=CBW+2.*X3*DCH

          Q=A**1.66667*RCHX(IDN2)/P**.66667

          FU=Q-QQ

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.01)GO TO 14

          R=A/P

          DFDD=RCHX(IDN2)*(1.6667*R**.6667*(CBW+2.*DCH*RCSS(IDN2))-1.333*R**&

         &1.66667*X3)

          DCH=DCH-FU/DFDD

      END DO

      WRITE(KW(1),16)IDN2,NBSA(IDN2),IYR,MO,KDA,QQ,Q,DFDD,DCH,ZCH

   14 VCH=QQ/A

      TRT=RCHL(IDN2)/(3.6*VCH)

      CYCH=PRMT(19)*VCH**PRMT(18)

      VCHA(IDN2)=VCHA(IDN2)+VCH

      IF(VCH>VCHB(IDN2))VCHB(IDN2)=VCH

      NBCX=NBCX+1

      Q3=QQ/CMS

      X7=PRMT(45)*TRT*PSZM(IDN1)

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF

      X5=10.*(CYCH-CIN)*Q3

      IF(X5>0.)THEN

          X5=RCHK(IDN2)*X5

          DEG=DEG+X5

      ELSE

          DEP=DEP-X5*F

          DPMT(IDN2)=DPMT(IDN2)-X5

          ZCH=ZCH+.1*X5/BD(LD1,IDN2)

      END IF

      X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          IF(ZCH<Z(ISL,IDN2))EXIT

      END DO

      ZCH=ZCH+.1*X5/BD(ISL,IDN2)

   10 SRCH(14,IDO)=SRCH(14,IDO)+DEG

      TDEG=TDEG+DEG

      DEP=MIN(Y1,DEP)

      SRCH(13,IDO)=SRCH(13,IDO)+DEP

      TDEP=TDEP+DEP

	  Y2=Y1-DEP+DEG

	  YHY(IZ,IDO)=Y2

	  YSD(NDRV,IDO)=YSD(NDRV,IDO)+Y2

	  SUM=SUM+Y2

	  TOT=TOT+Y1

	  RETURN

   12 FORMAT(1X,2I4,1X,I4,2I2,'FLOOD QI=',F7.2,' QO=',F7.2,' QAV=',F7.2,&

      ' QQ=',F7.2,' QFP=',F7.2,' DCH=',F7.2,' DFP=',F7.3,' VCH=',F7.3,&

      ' VFP=',F7.3,' CIN=',F8.5,' CCH=',F8.5,' CFP=',F8.5,' DEP=',F7.3,&

      ' DEG=',F7.3,' DR=',F7.3,' ER=',F7.2,' YI=',F7.3,' YO=',F7.3)

   16 FORMAT(1X,'_______________PROBLEM DID NOT CONVERGE______________',&

      2I8,1X,I4,2I2,5E13.5)

      END






src/SAJBD.f90

      SUBROUTINE SAJBD

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE CHANGE IN BULK DENSITY WITHIN THE

!     PLOW LAYER CAUSED BY INFILTRATION SETTLING.

      USE PARM 

      XX=RFV(IRF(ISA))-QVOL(IDO)

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(XX>0.)THEN

              XX=XX*.2*(1.+2.*SAN(ISL,ISA)/(SAN(ISL,ISA)+EXP(8.597-.075*&

              SAN(ISL,ISA))))/Z(ISL,ISA)**.6

              IF(SCLM(6)>0.)XX=MIN(XX,SCLM(6))

              F=XX/(XX+EXP(SCRP(6,1)-SCRP(6,2)*XX))

              BDP(ISL,ISA)=BDP(ISL,ISA)+F*(BD(ISL,ISA)-BDP(ISL,ISA))

              XX=PKRZ(ISL)

          ELSE

              IF(Z(ISL,ISA)>BIG(ISA))RETURN

          END IF

      END DO

      RETURN

      END






src/SBDSC.f90

      SUBROUTINE SBDSC(X1,X3,F,J,II)

!     THIS SUBPROGRAM ESTIMATES THE EFFECT OF BULK DENSITY ON ROOT

!     GROWTH AND SATURATED CONDUCTIVITY AS A FUNCTION OF TEXTURE.

      USE PARM 

      BD1=X3+.00445*SAN(J,ISA)

      BD2=X3+.35+.005*SAN(J,ISA)

      X2=LOG(.01124*BD1)

      B2=(X2-LOG(8.*BD2))/(BD1-BD2)

      B1=X2-B2*BD1

	  X2=B1+B2*X1

	  IF(X2<-10.)THEN

	      F=1.

          GO TO 6

      END IF

      IF(X2>10.)THEN

          F=.0001

      ELSE

          F=X1/(X1+EXP(X2))

      END IF

    6 IF(II>2)RETURN

      IF(SATC(J,ISA)>0.)RETURN

      XC=100.-CLA(J,ISA)

      SATC(J,ISA)=12.7*XC/(XC+EXP(11.45-.097*XC))+1.

      SATC(J,ISA)=F*SATC(J,ISA)

      RETURN

      END






src/SDST.f90

      SUBROUTINE SDST(X,DG,DG1,X1,X2,I,ISA,MSL)

!     APEX1501

!     THIS SUBPROGRAM IS USED TO ESTIMATE MISSING SOIL DATA.

      DIMENSION X(MSL,ISA)

      IF(X(I,ISA)>0.)RETURN

      IF(I>1)THEN

          X(I,ISA)=X(I-1,ISA)*DG*EXP(-X2*DG)/DG1

      ELSE

          X(1,ISA)=X1

      END IF

      RETURN

      END






src/SLTB.f90

      SUBROUTINE SLTB(SLI,SLF,SLL,SLS,SLQ,SLB,SLE,ISA,NBSA,KW,MSO)

!     APEX1501      

!     THIS SUBPROGRAM IS THE SALT BALANCE

      DIMENSION KW(MSO),NBSA(ISA)

      WRITE(KW(1),2)ISA,NBSA(ISA)

      DF=SLB+SLI+SLF-SLL-SLS-SLQ-SLE

      PER=100.*DF/(SLE+.0001)

      WRITE(KW(1),1)PER,DF,SLB,SLI,SLF,SLL,SLS,SLQ,SLE

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

     &'IRR =',E13.6,2X,'FERT=',E13.6,2X,'PRK =',E13.6/5X,'SSF =',E13.6,&

     &2X,'Q   =',E13.6,2X,'FTOT=',E13.6)

    2 FORMAT(/T10,'SALT BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/SOCIOA.f90

      SUBROUTINE SOCIOA(KK)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL ORGANIC C AND N VARIABLES ANNUALLY

      USE PARM 

      WRITE(KW(21),30)IYR,MO1,KK,ISA,NBSA(ISA)

      WRITE(KW(21),29)TITSO(ISA)

      WRITE(KW(21),29)TITOP(ISA)

      WRITE(KW(21),2)(SID(LORG(LID(J,ISA),ISA)),J=1,NBSL(ISA)),SID(11)

      WRITE(KW(21),3)(Z(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),22)(BDP(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),23)(SAN(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),24)(SIL(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),25)(CLA(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),26)(ROK(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),4)(WLS(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLS(ISA)

      WRITE(KW(21),5)(WLM(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLM(ISA)

      WRITE(KW(21),6)(WLSL(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSL(ISA)

      WRITE(KW(21),7)(WLSC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSC(ISA)

      WRITE(KW(21),8)(WLMC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLMC(ISA)

      WRITE(KW(21),9)(WLSLC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSLC(ISA)

      WRITE(KW(21),10)(WLSLNC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSLNC(ISA)

      WRITE(KW(21),11)(WBMC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZBMC(ISA)

      X1=.001*ZHSC(ISA)

      WRITE(KW(21),12)(WHSC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      X1=.001*ZHPC(ISA)

      WRITE(KW(21),13)(WHPC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      X1=.001*ZOC(ISA)

      WRITE(KW(21),14)(WOC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      WRITE(KW(21),15)(WLSN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSN(ISA)

      WRITE(KW(21),16)(WLMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLMN(ISA)

      WRITE(KW(21),17)(WBMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZBMN(ISA)

      WRITE(KW(21),18)(WHSN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZHSN(ISA)

      WRITE(KW(21),19)(WHPN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZHPN(ISA)

      WRITE(KW(21),20)(WON(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZON(ISA)

      WRITE(KW(21),31)(ECND(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),32)(WSLT(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZSLT(ISA)

      RETURN

    2 FORMAT(T52,'SOIL LAYER NO'/T18,16(4X,A4))

    3 FORMAT(T5,'DEPTH(m)',T20,16F8.2)

    4 FORMAT(T5,'WLS(kg/ha)',T20,16F8.1)

    5 FORMAT(T5,'WLM(kg/ha)',T20,16F8.1)

    6 FORMAT(T5,'WLSL(kg/ha)',T20,16F8.1)

    7 FORMAT(T5,'WLSC(kg/ha)',T20,16F8.1)

    8 FORMAT(T5,'WLMC(kg/ha)',T20,16F8.1)

    9 FORMAT(T5,'WLSLC(kg/ha)',T20,16F8.1)

   10 FORMAT(T5,'WLSLNC(kg/ha)',T20,16F8.1)

   11 FORMAT(T5,'WBMC(kg/ha)',T20,16F8.1)

   12 FORMAT(T5,'WHSC(kg/ha)',T20,16F8.1)

   13 FORMAT(T5,'WHPC(kg/ha)',T20,16F8.1)

   14 FORMAT(T5,'WOC(kg/ha)',T20,16F8.1)

   15 FORMAT(T5,'WLSN(kg/ha)',T20,16F8.1)

   16 FORMAT(T5,'WLMN(kg/ha)',T20,16F8.1)

   17 FORMAT(T5,'WBMN(kg/ha)',T20,16F8.1)

   18 FORMAT(T5,'WHSN(kg/ha)',T20,16F8.1)

   19 FORMAT(T5,'WHPN(kg/ha)',T20,16F8.1)

   20 FORMAT(T5,'WON(kg/ha)',T20,16F8.0)

   22 FORMAT(T5,'BD 33KPA(t/m3)',T20,16F8.2)

   23 FORMAT(T5,'SAND(%)',T20,16F8.1)

   24 FORMAT(T5,'SILT(%)',T20,16F8.1)

   25 FORMAT(T5,'CLAY(%)',T20,16F8.1)

   26 FORMAT(T5,'ROCK(%)',T20,16F8.1)

   29 FORMAT(10X,A20)

   30 FORMAT(//T10,3I4/T10,'SA#= ',I8,1X,'ID= ',I8)

   31 FORMAT(T5,'ECND(mmho/cm)',T20,16F8.2)

   32 FORMAT(T5,'WSLT(kg/ha)',T20,16F8.0)

      END






src/SOCIOD.f90

      SUBROUTINE SOCIOD(KK)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL ORGANIC C AND N VARIABLES DAILY

      USE PARM 

      WRITE(KW(22),30)IYR,MO,KK,ISA,NBSA(ISA)

      WRITE(KW(22),2)(SID(LORG(LID(J,ISA),ISA)),J=1,NBSL(ISA)),SID(11)

      WRITE(KW(22),3)(Z(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(22),21)(SOIL(12,LID(I,ISA),ISA),I=1,NBSL(ISA)),UW(2)

      WRITE(KW(22),27)(STMP(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(22),28)(RSD(LID(I,ISA),ISA),I=1,NBSL(ISA)),TRSD(ISA)

      X1=.001*ZOC(ISA)

      WRITE(KW(22),14)(WOC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      WRITE(KW(22),8)WBMX

      WRITE(KW(22),1)(RSPC(LID(I,ISA),ISA),I=1,NBSL(ISA)),TRSP

      WRITE(KW(22),4)(RNMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),SNMN

      WRITE(KW(22),5)(FOP(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZFOP(ISA)

      RETURN

    1 FORMAT(T5,'CO2 LOSS(kg/ha)',T20,11F8.0)

    2 FORMAT(T52,'SOIL LAYER NO'/T18,11(4X,A4))

    3 FORMAT(T5,'DEPTH(m)',T20,11F8.2)

    4 FORMAT(T5,'NET MN(kg/ha)',T20,11F8.2)

    5 FORMAT(T5,'FOP(kg/ha)',T20,11F8.1)

    8 FORMAT(T5,'BIOMIX',T20,11F8.4)

   14 FORMAT(T5,'WOC(kg/ha)',T20,16F8.1)      

   21 FORMAT(T5,'SW(m/m)',T20,11F8.3)

   27 FORMAT(T5,'TEMP(c)',T20,11F8.2)

   28 FORMAT(T5,'RSD(t/ha)',T20,11F8.2)

   30 FORMAT(//T10,3I4,1X,'SA#=',I8,1X,'ID=',I8)

      END






src/SOIL_05.f90

      SUBROUTINE SOIL_05(KWX)

      ! APEX1307

	  ! THIS SUBPROGRAM OUTPUTS SOIL PROPERTIES IN THE TOP 0.05 M OF SOIL

	  USE PARM 

      DIMENSION STOT(27)

      STOT=0.

      XX=0.

      JJ=0

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          IF(Z(ISL,ISA)<.05)THEN

              DXZ=Z(ISL,ISA)-XX

              RTO=1.

          ELSE

              DXZ=.05-XX

              RTO=DXZ/(Z(ISL,ISA)-XX)

              JJ=1

          END IF 

          STOT(1)=STOT(1)+PO(ISL,ISA)*RTO

          STOT(2)=STOT(2)+FC(ISL,ISA)*RTO

          STOT(3)=STOT(3)+S15(ISL,ISA)*RTO

          STOT(4)=STOT(4)+SWST(ISL,ISA)*RTO

          STOT(5)=STOT(5)+SATC(ISL,ISA)*DXZ

          STOT(6)=STOT(6)+HCL(ISL,ISA)*DXZ

          STOT(7)=STOT(7)+BDP(ISL,ISA)*DXZ

          STOT(9)=STOT(9)+SAN(ISL,ISA)*DXZ

          STOT(10)=STOT(10)+SIL(ISL,ISA)*DXZ

          STOT(11)=STOT(11)+CLA(ISL,ISA)*DXZ

          STOT(12)=STOT(12)+ROK(ISL,ISA)*DXZ

          STOT(13)=STOT(13)+RSD(ISL,ISA)*RTO

          STOT(14)=STOT(14)+PH(ISL,ISA)*DXZ

          STOT(15)=STOT(15)+SMB(ISL,ISA)*DXZ

          STOT(16)=STOT(16)+CEC(ISL,ISA)*DXZ

          STOT(17)=STOT(17)+ALS(ISL,ISA)*DXZ

          STOT(18)=STOT(18)+CAC(ISL,ISA)*DXZ

          STOT(19)=STOT(19)+PSP(ISL,ISA)*DXZ

          STOT(20)=STOT(20)+WPML(ISL,ISA)*RTO

          STOT(21)=STOT(21)+WPMA(ISL,ISA)*RTO

          STOT(22)=STOT(22)+WPMS(ISL,ISA)*RTO

          STOT(23)=STOT(23)+WPO(ISL,ISA)*RTO

          STOT(24)=STOT(24)+WNO3(ISL,ISA)*RTO

          STOT(25)=STOT(25)+WON(ISL,ISA)*RTO

          STOT(26)=STOT(26)+WOC(ISL,ISA)*RTO

          STOT(27)=STOT(27)+WT(ISL,ISA)*RTO

          IF(JJ>0)EXIT

          XX=Z(ISL,ISA)

      END DO

      STOT(8)=STOT(27)/500.

      DO K=1,4

          STOT(K)=STOT(K)/50.

      END DO   

      DO K=5,19

          IF(K==8.OR.K==13)CYCLE

          STOT(K)=STOT(K)/.05

      END DO

      DO K=20,25

          STOT(K)=1000.*STOT(K)/STOT(27)

      END DO 

      STOT(26)=.1*STOT(26)/STOT(27)

      Z5=.05

      WRITE(KWX,901)ISA,NBSA(ISA),IYR,IY,MO1,(LORG(ISL,ISA),ISL=1,2),&

      Z5,(STOT(K),K=1,26)

	  RETURN

  901 FORMAT(2I8,1X,3I4,I2,'/',I2,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)            

      END     






src/SOIL_BDCD.f90

      SUBROUTINE SOIL_BDCD

!     THIS SUBPROGRAM ESTIMATES THE SOIL ERODIBILITY FACTOR FOR THE WIND

!     EROSION EQ.

      USE PARM

      LD1=LID(1,ISA)

      IF(SAN(LD1,ISA)>85.+.5*CLA(LD1,ISA))THEN

          WK=1.

          RETURN

      END IF

      IF(SAN(LD1,ISA)>70.+CLA(LD1,ISA))THEN

          WK=.43

          RETURN

      END IF

      IF(SIL(LD1,ISA)>80..AND.CLA(LD1,ISA)<12.)THEN

          WK=.12

          RETURN

      END IF

      IF(CAC(LD1,ISA)>0.)THEN

          IF(SAN(LD1,ISA)<45..OR.CLA(LD1,ISA)<20..OR.SIL(LD1,ISA)>28.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF  

      IF(CLA(LD1,ISA)<7.)THEN

          IF(SIL(LD1,ISA)<50.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<20.)THEN

          IF(SAN(LD1,ISA)>52.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<27.)THEN

          IF(SIL(LD1,ISA)<28.)THEN

              WK=.18

              RETURN

          ELSE

              WK=.16

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<35..AND.SAN(LD1,ISA)<20.)THEN

          WK=.12

          RETURN

      END IF

      IF(CLA(LD1,ISA)<35.)THEN

          IF(SAN(LD1,ISA)<45.)THEN        

              WK=.16

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(SAN(LD1,ISA)>45.)THEN

          WK=.18

          RETURN

      ELSE

          WK=.28

          RETURN

      END IF

      RETURN

      END






src/SOLIOC.f90

      SUBROUTINE SOLIOC

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE CHEMICAL SOIL TABLE.

      USE PARM 

      WRITE(KW(1),2)

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          WRITE(KW(1),40)LORG(ISL,ISA),Z(ISL,ISA),PH(ISL,ISA),SMB(ISL,ISA),&

          CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,&

          ISA),SOIL(2,ISL,ISA),SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,&

          ISA),SOIL(6,ISL,ISA),SOIL(10,ISL,ISA),SOIL(11,ISL,ISA),&

          SOIL(15,ISL,ISA),SOIL(7,ISL,ISA),SOIL(16,ISL,ISA)

          X1=.001*ZOC(ISA)

      END DO

      WRITE(KW(1),41)ZPML(ISA),ZPMA(ISA),ZPMS(ISA),ZPO(ISA),ZNO3(ISA),&

      ZON(ISA),ZSK(ISA),ZEK(ISA),ZFK(ISA),X1,ZSLT(ISA)

      RETURN

    2 FORMAT(T27,'SUM',13X,'AL',12X,'P SORP',3X,'_______MIN P_______',5X&

      ,'ORG',5X,'NO3',5X,'ORG',T138,'ORG'/2X,'LAY',4X,'DEPTH',5X,'PH',5X,&

      'BASE',4X,'CEC',4X,'SAT',5X,'CACO3',4X,'RTO',4X,'LAB',5X,'ACT',5X,&

      'STB',6X,'P',7X,'N',7X,'N',4X,'SOLK',4X,'EXCK',4X,'FIXK',7X,'C',&

      6X,'SALT'/3X,'NO',5X,'(m)',12X,'-(cmol/kg)--',4X,'-----(%)-----',&

      11X,'---------------------------------(g/t)-----------------------&

      --------',3X,'(%)',5X,'(ppm)')

   40 FORMAT(T2,I4,T7,F8.2,5F8.1,F8.2,9F8.0,F8.2,F8.0)

   41 FORMAT(T2,'TOTAL',T63,9F8.0,F8.2,F8.0)

      END






src/SOLIOP.f90

      SUBROUTINE SOLIOP

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL TABLE.

      USE PARM 

      WRITE(KW(1),2)

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          WRITE(KW(1),40)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL&

          ,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),BDP&

          (ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),CLA(ISL,ISA),&

          ROK(ISL,ISA),RSD(ISL,ISA)

      END DO

      WRITE(KW(1),41)UW(4),UW(1),UW(3),UW(2),TRSD(ISA)

      RETURN

    2 FORMAT(T18,'_______WATER CONTENT________   ___SAT COND__    __BULK &

      DEN___    ___________TEXTURE__________   CROP'/2X,'LAY',4X,&

      'DEPTH',4X,'POR',5X,'FC',6X,'WP',4X,'CURNT',4X,'VERT',4X,'HORZ',&

      4X,'33KPA  OV DRY',4X,'SAND',4X,'SILT',4X,'CLAY',4X,'ROCK',4X,&

      'RSD'/3X,'NO',5X,'(m)',4X,'------------(m/m)-----------',3X,&

      '---(mm/h)----',5X,'--(t/m3)---',5X,'------------(%)-------------'&

      ,2X,'(t/ha)')

   40 FORMAT(T2,I4,T7,F8.2,4F8.3,4F8.2,4F8.1,2F8.2)

   41 FORMAT(T2,'TOTAL',T15,4F8.3,T111,F8.2)

      END






src/SOLT.f90

      SUBROUTINE SOLT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY AVEAGE TEMPERATURE AT THE CENTER

!     OF EACH SOIL LAYER.

      USE PARM 

      DATA ITMP/0/

      DATA XLAG/.8/

      XLG1=1.-XLAG

      F=ABD(ISA)/(ABD(ISA)+686.*EXP(-5.63*ABD(ISA)))

      DP=1.+2.5*F

      WW=.356-.144*ABD(ISA)

      B=LOG(.5/DP)

      WC=.001*SW(ISA)/(WW*Z(LID(NBSL(ISA),ISA),ISA))

      F=MAX(.2,EXP(B*((1.-WC)/(1.+WC))**2))

      DD=F*DP

      IF(ITMP==0)THEN

          X4=.5*AMPX

          XZ=.5*(TMX(IRF(ISA))-TMN(IRF(ISA)))*ST0(ISA)/10.

          X2=TX

          X3=(1.-BCV(ISA))*X2+BCV(ISA)*STMP(LID(2,ISA),ISA)

          TG=.5*(X2+X3)

          DST0(ISA)=AVT+X4*COS((IDA-200)/PIT)

          X1=TX-DST0(ISA)

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              X7=Z(ISL,ISA)/DD

              X5=EXP(-X7)

              STMP(ISL,ISA)=(AVT+X4*COS((IDA-200)/PIT-X7)*X5)+X1*X5

          END DO

      ELSE        

          X2=TX+.5*(TMX(IRF(ISA))-TMN(IRF(ISA)))*ST0(ISA)/30.

          X3=(1.-BCV(ISA))*X2+BCV(ISA)*STMP(LID(2,ISA),ISA)

          DST0(ISA)=.5*(X2+X3)

          ZZ=2.*DD

          XX=0.

          X1=AVT-DST0(ISA)

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              ZD=(XX+Z(ISL,ISA))/ZZ

              F=ZD/(ZD+EXP(-.8669-2.0775*ZD))

              STMP(ISL,ISA)=XLAG*STMP(ISL,ISA)+XLG1*(F*X1+DST0(ISA))

              XX=Z(ISL,ISA)

          END DO

      END IF    

      RETURN

      END






src/SPLA.f90

      SUBROUTINE SPLA(I,I1,K,RTO,JNT)

!     APEX1501

!     THIS SUBPROGRAM SPLITS SOIL LAYERS & PARTITIONS CONTENTS.

      USE PARM 

      IF(JNT==0)Z(K,ISA)=(Z(I,ISA)+Z(I1,ISA))*.5

      PSP(K,ISA)=PSP(I,ISA)

      BD(K,ISA)=BD(I,ISA)

      CLA(K,ISA)=CLA(I,ISA)

      SIL(K,ISA)=SIL(I,ISA)

      SAN(K,ISA)=SAN(I,ISA)

      ROK(K,ISA)=ROK(I,ISA)

      !IF(I/=LID(NBSL(ISA),ISA))SATC(K,ISA)=SATC(I,ISA)

      SATC(K,ISA)=SATC(I,ISA)

      ECND(K,ISA)=ECND(I,ISA)

      EQKS(K,ISA)=EQKS(I,ISA)

      EQKE(K,ISA)=EQKE(I,ISA)

      WSLT(K,ISA)=6.4*ECND(I,ISA)*SWST(I,ISA)

      II=I

      IF(I==IDR(ISA))II=I1

      HCL(K,ISA)=HCL(II,ISA)

      PH(K,ISA)=PH(I,ISA)

      STMP(K,ISA)=STMP(I,ISA)

      BDD(K,ISA)=BDD(I,ISA)

      BPT(K,ISA)=BPT(I,ISA)

      BDP(K,ISA)=BDP(I,ISA)

      SMB(K,ISA)=SMB(I,ISA)

      CEC(K,ISA)=CEC(I,ISA)

      CAC(K,ISA)=CAC(I,ISA)

      ALS(K,ISA)=ALS(I,ISA)

      CNRT(K,ISA)=CNRT(I,ISA)

      VGA(K,ISA)=VGA(I,ISA)

      VGN(K,ISA)=VGN(I,ISA)

      WT(K,ISA)=EAJL(WT(I,ISA),RTO)

      WCMU(K,ISA)=EAJL(WCMU(I,ISA),RTO)

      WNO3(K,ISA)=EAJL(WNO3(I,ISA),RTO)

      WNH3(K,ISA)=EAJL(WNH3(I,ISA),RTO)

      WNMU(K,ISA)=EAJL(WNMU(I,ISA),RTO)

      WPO(K,ISA)=EAJL(WPO(I,ISA),RTO)

      RSDM(K,ISA)=EAJL(RSDM(I,ISA),RTO)

      WCOU(K,ISA)=EAJL(WCOU(I,ISA),RTO)

      WNOU(K,ISA)=EAJL(WNOU(I,ISA),RTO)

      WPML(K,ISA)=EAJL(WPML(I,ISA),RTO)

	  WPMU(K,ISA)=EAJL(WPMU(I,ISA),RTO)

	  WPMA(K,ISA)=EAJL(WPMA(I,ISA),RTO)

	  SOLK(K,ISA)=EAJL(SOLK(I,ISA),RTO)

	  EXCK(K,ISA)=EAJL(EXCK(I,ISA),RTO)

	  FIXK(K,ISA)=EAJL(FIXK(I,ISA),RTO)

      FOP(K,ISA)=EAJL(FOP(I,ISA),RTO)

      WPOU(K,ISA)=EAJL(WPOU(I,ISA),RTO)

      WPMS(K,ISA)=EAJL(WPMS(I,ISA),RTO)

      WHPN(K,ISA)=EAJL(WHPN(I,ISA),RTO)

      WHSN(K,ISA)=EAJL(WHSN(I,ISA),RTO)

      WBMN(K,ISA)=EAJL(WBMN(I,ISA),RTO)

      WLSN(K,ISA)=EAJL(WLSN(I,ISA),RTO)

      WLMN(K,ISA)=EAJL(WLMN(I,ISA),RTO)

      WHPC(K,ISA)=EAJL(WHPC(I,ISA),RTO)

      WHSC(K,ISA)=EAJL(WHSC(I,ISA),RTO)

      WBMC(K,ISA)=EAJL(WBMC(I,ISA),RTO)

      WLS(K,ISA)=EAJL(WLS(I,ISA),RTO)

      WLM(K,ISA)=EAJL(WLM(I,ISA),RTO)

      WLSL(K,ISA)=EAJL(WLSL(I,ISA),RTO)

      WLSC(K,ISA)=.42*WLS(K,ISA)

      WLMC(K,ISA)=.42*WLM(K,ISA)

      WLSLC(K,ISA)=.42*WLSL(K,ISA)

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WLSC(I,ISA)=.42*WLS(I,ISA)

      WLMC(I,ISA)=.42*WLM(I,ISA)

      WLSLC(I,ISA)=.42*WLSL(I,ISA)

      WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

      RSD(I,ISA)=.001*(WLS(I,ISA)+WLM(I,ISA))

      WOC(I,ISA)=WBMC(I,ISA)+WHPC(I,ISA)+WHSC(I,ISA)+WLMC(I,ISA)+&

      WLSC(I,ISA)

      WOC(K,ISA)=WBMC(K,ISA)+WHPC(K,ISA)+WHSC(K,ISA)+WLMC(K,ISA)+&

      WLSC(K,ISA)

      WON(I,ISA)=WBMN(I,ISA)+WHPN(I,ISA)+WHSN(I,ISA)+WLMN(I,ISA)+&

      WLSN(I,ISA)

      WON(K,ISA)=WBMN(K,ISA)+WHPN(K,ISA)+WHSN(K,ISA)+WLMN(K,ISA)+&

      WLSN(K,ISA)

      S15(K,ISA)=EAJL(S15(I,ISA),RTO)

      FC(K,ISA)=EAJL(FC(I,ISA),RTO)

      PO(K,ISA)=EAJL(PO(I,ISA),RTO)

      SWST(K,ISA)=EAJL(SWST(I,ISA),RTO)

      !Van Genuchten properties Jaehak 2017

      vgN(K,ISA)=vgN(I,ISA)

      vgA(K,ISA)=vgA(I,ISA)

      vgSat(K,ISA)=vgSat(I,ISA)

      vgRes(K,ISA)=vgRes(I,ISA)

      !end temp cdj fastRE

      RETURN

      END






src/SPOFC.f90

      SUBROUTINE SPOFC(I)

!     APEX1501

!     THIS SUBPROGRAM CHECKS SOIL WATER STORAGE CAPACITY AT WILTING

!     POINT, FIELD CAPACITY, & POROSITY & ADJUSTS INCONSISTANCIES AS

!     NEEDED

      USE PARM 

      X1=.95*PO(I,ISA)

      IF(FC(I,ISA)>X1)THEN

          X2=MAX(1.,FC(I,ISA)-S15(I,ISA))

          FC(I,ISA)=X1

          S15(I,ISA)=FC(I,ISA)-X2

          IF(S15(I,ISA)<=0.)S15(I,ISA)=.01*FC(I,ISA)

      END IF

      RETURN

      END






src/SPRNT.f90

      SUBROUTINE SPRNT

!     APEX1501

!     THIS SUBPROGRAM PREPARES SOIL DATA TABLE FOR OUTPUT, AND CONVERTS

!     WEIGHTS OF MATERIALS TO CONCENTRATION.

      USE PARM 

      XX=0.

      UW(1)=0.

      UW(2)=0.

      UW(3)=0.

      UW(4)=0.      

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          WT1=WT(ISL,ISA)/1000.

          SOIL(1,ISL,ISA)=WPML(ISL,ISA)/WT1

          SOIL(2,ISL,ISA)=WPMA(ISL,ISA)/WT1

          SOIL(3,ISL,ISA)=WPMS(ISL,ISA)/WT1

          SOIL(4,ISL,ISA)=WPO(ISL,ISA)/WT1

          SOIL(5,ISL,ISA)=WNO3(ISL,ISA)/WT1

          SOIL(6,ISL,ISA)=WON(ISL,ISA)/WT1

          SOIL(7,ISL,ISA)=.1*WOC(ISL,ISA)/WT(ISL,ISA)

          SOIL(10,ISL,ISA)=SOLK(ISL,ISA)/WT1

          SOIL(11,ISL,ISA)=EXCK(ISL,ISA)/WT1

          SOIL(15,ISL,ISA)=FIXK(ISL,ISA)/WT1

          SOIL(16,ISL,ISA)=WSLT(ISL,ISA)/WT1

          DG=(Z(ISL,ISA)-XX)*1000.

          SSF(ISL,ISA)=S15(ISL,ISA)/DG

          UW(1)=UW(1)+FC(ISL,ISA)

          SOIL(9,ISL,ISA)=FC(ISL,ISA)/DG

          SOIL(8,ISL,ISA)=PO(ISL,ISA)/DG

          SOIL(13,ISL,ISA)=BDD(ISL,ISA)*BD(ISL,ISA)

          UW(2)=UW(2)+SWST(ISL,ISA)

          SOIL(12,ISL,ISA)=SWST(ISL,ISA)/DG

          UW(3)=UW(3)+S15(ISL,ISA)

          UW(4)=UW(4)+PO(ISL,ISA)

          XX=Z(ISL,ISA)

      END DO

      XX=Z(LID(NBSL(ISA),ISA),ISA)*1000.

      DO I=1,4

          UW(I)=UW(I)/XX

      END DO

      RETURN

      END






src/SWN1530.f90

      SUBROUTINE SWN1530

      ! APEX1501

      ! THIS SUBPROGRAM COMPUTES THE SOIL WATER CONTENT(m/m) AND NO3 

      ! CONCENTRATION(G/M^3) OF A SOIL AT 0.15 AND 0.3 M DEPTHS. 

      USE PARM

      SW15=0.

	  SW30=0.

	  SNN15=0.

	  SNN30=0.

	  SNA15=0.

	  SNA30=0.

	  WT15=0.

	  WT30=0.

	  DO I=1,NBSL(ISA)

	      L=LID(I,ISA)

	      IF(Z(L,ISA)>.15)GO TO 2

	      SW15=SW15+SWST(L,ISA)

	      SNN15=SNN15+WNO3(L,ISA)

	      SNA15=SNA15+WNH3(L,ISA)

	      WT15=WT15+WT(L,ISA)

	      L1=L

	  END DO

      GO TO 5

    2 RTO=(.15-Z(L1,ISA))/(Z(L,ISA)-Z(L1,ISA))

      X1=RTO*SWST(L,ISA)

      SW15=SW15+X1

	  Y1=RTO*WNO3(L,ISA)

      SNN15=SNN15+Y1

	  Y2=RTO*WNH3(L,ISA)

	  SNA15=SNA15+Y2

	  W1=RTO*WT(L,ISA)

	  WT15=WT15+W1

	  DO J=1,NBSL(ISA)

	      L=LID(J,ISA)

	      IF(Z(L,ISA)>.3)GO TO 4

	      SW30=SW30+SWST(L,ISA)

	      SNN30=SNN30+WNO3(L,ISA)

	      SNA30=SNA30+WNH3(L,ISA)

	      WT30=WT30+WT(L,ISA)

	      L1=L

	  END DO

      GO TO 6

    4 RTO=(.3-Z(L1,ISA))/(Z(L,ISA)-Z(L1,ISA))

      SW30=SW30+RTO*SWST(L,ISA)

      SNN30=SNN30+RTO*WNO3(L,ISA)

	  SNA30=SNA30+RTO*WNH3(L,ISA)

      WT30=WT30+RTO*WT(L,ISA)

    6 SW30=SW30/300.

      SNN30=1000.*SNN30/WT30

	  SNA30=1000.*SNA30/WT30

    5 SW15=SW15/150.

	  SNN15=1000.*SNN15/WT15

	  SNA15=1000.*SNA15/WT15

      RETURN

	  END 






src/SWNN.f90

      SUBROUTINE SWNN(CL,SA,OC,W1,F3)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES FC AND WP USING NEAREST NEIGHBOR 

!     APPROACH.

      USE PARM

      DIMENSION KX(NSX)

      DIMENSION DXS(NSX),XTX(3)

      XTX(1)=(SA-XAV(1))/XDV(1)

      XTX(2)=(CL-XAV(2))/XDV(2)

      XTX(3)=(OC-XAV(3))/XDV(3)

      XTX(1)=XTX(1)*BRNG/XRG(1)

      XTX(2)=XTX(2)*BRNG/XRG(2)

      XTX(3)=XTX(3)*BRNG/XRG(3)

      I1=1

      DO I=1,NSX

          DXS(I)=0.

          DO K=1,3

              DXS(I)=DXS(I)+(XSP(I,K)-XTX(K))**2

          END DO

          DXS(I)=SQRT(DXS(I))

          KX(I1)=I

          I1=I1+1

      END DO

      I1=I1-1

      CALL ASORT3(DXS,KX,NSX)

      N1=MIN(I1,NSNN)

      SUM=0.

      DO I=1,N1

          J=KX(I)

          DO K=1,3

              XTP(K)=XDV(K)*XSP(J,K)*XRG(K)/BRNG+XAV(K)

          END DO

          SUM=SUM+DXS(J)

      END DO

      TOT=0.

      DO I=1,N1

          J=KX(I)

          DXS(J)=(SUM/DXS(J))**EXNN

          TOT=TOT+DXS(J)

      END DO

      W1=0.

      F3=0.

      DO I=1,N1

          J=KX(I)

          DXS(J)=DXS(J)/TOT

          W1=W1+DXS(J)*XSP(J,4)

		  F3=F3+DXS(J)*XSP(J,5)

      END DO

      RETURN

    1 FORMAT(10F10.4)

      END






src/SWRTNNW.f90

      SUBROUTINE SWRTNNW(CL,SA,OC,BD,WP,FC)

!     APEX1501

!     THIS SUBPROGRAM USES THE BEHRMAN-NORFLEET-WILLIAMS (BNW) METHOD

!     FOR ESTIMATING SOIL WATER CONTENT AT 33 AND 1500 kpa.

      SI=100.-CL-SA

      WP=.04285+.0001041*SI+.003958*CL+.00001555*CL*SI-.005606*LOG10(OC)

      X1=1.72*OC

      AD1=SA+SI+CL+X1

      BDO=(1.6*SA+1.3*SI+1.1*CL+.224*X1)/AD1

      PAO=(.03*SA+.25*SI+.15*CL+.7*X1)/AD1

      RTO=BDO/BD

      PAW=RTO*PAO

      FC=WP+PAW

      RETURN

      END






src/SWRTNR.f90

      SUBROUTINE SWRTNR(CL,SA,OC,WP,FC)

!     APEX1501

!     THIS SUBPROGRAM USES WALTER RAWLS'S METHOD FOR ESTIMATING SOIL

!     WATER CONTENT AT 33 AND 1500 KPA.

      WP=.026+.005*CL+.0158*OC

      FC=.2576-.002*SA+.0036*CL+.0299*OC

      RETURN

      END






src/SWRTN_BNW.f90

      SUBROUTINE SWRTN_BNW(CL,SA,OC,BD,WP,FC)

      ! APEX1501

!     THIS SUBPROGRAM USES THE BEHRMAN-NORFLEET-WILLIAMS (BNW) METHOD

!     FOR ESTIMATING SOIL WATER CONTENT AT 33 AND 1500 kpa.

      SI=100.-CL-SA

      WP=.04285+.0001041*SI+.003958*CL+.00001555*CL*SI-.005606*LOG10(OC)

      PO=1.-BD/2.65

      X1=1.72*OC

      AD1=SA+SI+CL+X1

      BDO=(1.6*SA+1.3*SI+1.1*CL+.224*X1)/AD1

      PAO=(.05*SA+.26*SI+.08*CL+.9*X1)/AD1

      RTO=BDO/BD

      PAW=RTO*PAO

      FC=WP+PAW

      RETURN

      END






src/SWTN.f90

      SUBROUTINE SWTN

!     APEX1501

!     THIS SUBPROGRAM CALCULATES SOIL WATER TENSION AS A FUNCTION OF

!     WATER CONTENT IN RELATION TO WILTING POINT & FIELD CAPACITY.

      USE PARM 

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>=.15)EXIT

      END DO

      XX=LOG10(S15(ISL,ISA))

      WTN=10.**(3.1761-1.6576*((LOG10(SWST(ISL,ISA))-XX)/(LOG10(FC(ISL,&

      ISA))-XX)))

      RETURN

      END






src/TBURN.f90

      SUBROUTINE TBURN

!     APEX1501

!     THIS SUBPROGRAM BURNS ALL STANDING AND FLAT CROP RESIDUE.

      USE PARM 

      LD1=LID(1,ISA)

      X2=1.-PRMT(56)

      WSAX=WSA(ISA)

      ADD=0.

      SUM=0.

      DO J=1,LC

          IF(IDC(J)/=NDC(7).AND.IDC(J)/=NDC(8).AND.IDC(J)/=NDC(10))THEN

              RTO=MIN(.99,STL(J,ISA)/(DM(J,ISA)+1.E-10))

              X1=PRMT(56)*STL(J,ISA) 

              DM(J,ISA)=DM(J,ISA)-X1

              STL(J,ISA)=STL(J,ISA)-X1

              X3=PRMT(56)*UN1(J,ISA)*RTO

              UN1(J,ISA)=UN1(J,ISA)-X3

          END IF

          X5=STD(J,ISA)*PRMT(56)

          STD(J,ISA)=STD(J,ISA)-X5

          ADD=ADD+420.*X5

          STDL(J,ISA)=STDL(J,ISA)*X2

          X1=STDN(J,ISA)*PRMT(56)

          STDN(J,ISA)=MAX(1.E-5,STDN(J,ISA)-X1)

          SUM=SUM+X1+X3

          X1=STDP(J,ISA)*PRMT(56)

          FOP(LD1,ISA)=FOP(LD1,ISA)+X1

          STDP(J,ISA)=STDP(J,ISA)-X1

      END DO

      FOP(LD1,ISA)=FOP(LD1,ISA)+STDOP(ISA)

      RSDM(LD1,ISA)=RSDM(LD1,ISA)*X2

      SMM(11,MO,ISA)=SMM(11,MO,ISA)+SWLT(ISA)

      WLS(LD1,ISA)=WLS(LD1,ISA)*X2

      WLM(LD1,ISA)=WLM(LD1,ISA)*X2

      X1=PRMT(56)*WLSN(LD1,ISA)

      WLSN(LD1,ISA)=WLSN(LD1,ISA)-X1

      X3=PRMT(56)*WLMN(LD1,ISA)

      WLMN(LD1,ISA)=WLMN(LD1,ISA)-X3

      SUM=SUM+X1+X3+STDON(ISA)

      WLSL(LD1,ISA)=WLSL(LD1,ISA)*X2

      X1=PRMT(56)*WLSC(LD1,ISA)

      WLSC(LD1,ISA)=WLSC(LD1,ISA)-X1

      X3=PRMT(56)*WLMC(LD1,ISA)

      WLMC(LD1,ISA)=WLMC(LD1,ISA)-X3

      WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*X2

      WLSLNC(LD1,ISA)=WLSC(LD1,ISA)-WLSLC(LD1,ISA)

      ADD=ADD+X1+X3

      ADD=ADD+WSAX

      SMM(140,MO,ISA)=SMM(140,MO,ISA)+ADD

      VAR(140,ISA)=ADD

      SUM=SUM*WSAX

      SMM(82,MO,ISA)=SMM(82,MO,ISA)+SUM

      VAR(82,ISA)=SUM

      RSD(LD1,ISA)=.001*(WLS(LD1,ISA)+WLM(LD1,ISA))

      SWLT(ISA)=0.

      STDO(ISA)=0.

      STDOK(ISA)=0.

      STDON(ISA)=0.

      STDOP(ISA)=0.

      RETURN

      END






src/TGRAZ.f90

      SUBROUTINE TGRAZ(JRT)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES ANIMAL GRAZING.

      USE PARM 

	  real zz, zz2

	  JRT=0

	  LGZ=1

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

	  YY=0.

      YLN=0.

      YLP=0.

      IOW=IDON(ISA)

	  KOMP(KT(ISA),ISA)=0

	  IF(IHRD<2)THEN

	      X1=RST0(ISA)

	      IHD=IHDM(ISA)

	      GCOW(IHD,ISA)=WSA(ISA)/X1

	      IGZ(ISA)=1

	  ELSE

          DO IHD=1,NHRD(IOW)

              IF(IGZX(IHD,IOW)==ISA)EXIT

          END DO

          IF(IHD>NHRD(IOW))RETURN

          GCOW(IHD,ISA)=NCOW(IHD,IOW)

      END IF

      IF(IHRD==1)IGZ(ISA)=1          

      NGZ(IHD,ISA)=IHD

      IZ=IFED(IHD,IOW)

      IF(IZ==ISA)THEN

          GCOW(IHD,ISA)=GCOW(IHD,ISA)*FFED(IHD,IOW)

      ELSE

          GCOW(IHD,ISA)=GCOW(IHD,ISA)*(1.-FFED(IHD,IOW))

	  END IF

      ! DEMAND  

	  DMD=GCOW(IHD,ISA)*GZRT(IHD,IOW)/(WSA(ISA)*HE(JT1))

      GZLX=GZLM(IHD,ISA)

	  IF(ORHI(JT1)>0.)GZLX=ORHI(JT1)

      GZLX=GZLX*GZRF(ISA)

      IF(AGPM(ISA)<GZLX.OR.GCOW(IHD,ISA)<1.E-5)THEN

          GCOW(IHD,ISA)=0.

          NGZ(IHD,ISA)=0

          IGZ(ISA)=0

          GZRF(ISA)=PRMT(48)

          IF(IHAY>0)THEN

              SPFD(ISA)=DMD*HE(JT1)

              DMD=0.

          ELSE

              RETURN

          END IF    

      ELSE

          GZRF(ISA)=1.

          SPFD(ISA)=0.

	  END IF

	  ! N CONC WEIGHTED FORAGE SUPPLY

      AD2=0.

      DO K=1,NN

          JJ=JE(K,ISA)

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          IF(JJ==MNC)CYCLE

          IF(JP(JJ,ISA)<=0)THEN

              JP(JJ,ISA)=1

              NCR(JJ,ISA)=NCR(JJ,ISA)+1

          END IF

          CNLV(JJ)=MAX(BN(3,JJ),MIN(BN(1,JJ),UN1(JJ,ISA)/((DM(JJ,ISA)+1.E-5)*1000.)))

          GRLV(JJ)=STL(JJ,ISA)*CNLV(JJ)

          GRDD(JJ)=STD(JJ,ISA)*BN(3,JJ)

          AD2=AD2+GRLV(JJ)+GRDD(JJ)

      END DO

      IF(AD2>.01)THEN

          RTO=.001*DMD/AD2

      ELSE

          RTO=0.

      END IF    

      ! CORRECT N WT FORAGE SUPPLY WITH DEMAND

      DO K=1,NN

          IF(IGO(ISA)>0)THEN

              JJ=JE(K,ISA)

              IF(JJ==MNC)CYCLE

          ELSE

              JJ=1

          END IF    

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          GRLV(JJ)=GRLV(JJ)*RTO

          GRDD(JJ)=GRDD(JJ)*RTO

      END DO 

      ! CALCULATE GRAZING YIELD FOR EACH FORAGE           

      DO K=1,NN

          IF(IGO(ISA)>0)THEN

              JJ=JE(K,ISA)

              IF(JJ==MNC)CYCLE

          ELSE

              JJ=1

          END IF    

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          HUF(JJ,ISA)=MAX(HUF(JJ,ISA),HU(JJ,ISA))

          DMF(JJ,ISA)=DM1(JJ,ISA)

          TRA(JJ,ISA)=SRA(JJ,ISA)+TRA(JJ,ISA)

          IF(RD(JJ,ISA)>RDF(JJ,ISA))RDF(JJ,ISA)=RD(JJ,ISA)

          AJHI(JJ,ISA)=0.

          ! HARVEST INDEX FOR STANDING LIVE

          X1=MIN(GRLV(JJ)/(STL(JJ,ISA)+1.E-5),.9)

          ZZ=MAX(.01,1.-X1)

          ZZ2=ZZ*ZZ*ZZ*ZZ*ZZ

          !ZZ2=ZZ**5

	      CPHT(JJ,ISA)=MAX(.001,CPHT(JJ,ISA)*ZZ2)

          HU(JJ,ISA)=MAX(.1,HU(JJ,ISA)*ZZ)

          SLAI(JJ,ISA)=MAX(.0001,SLAI(JJ,ISA)*ZZ2)

          STD(JJ,ISA)=MAX(.01,STD(JJ,ISA)*ZZ)

          STDO(ISA)=MAX(.01,STDO(ISA)*ZZ)

          ! GRAZING YIELD FOR STANDING LIVE 

          YLD(JJ)=GRLV(JJ)*HE(JT1)

          ! GRAZING YIELD FOR STANDING DEAD

          YLSD=GRDD(JJ)*HE(JT1)

          Y4=GRDD(JJ)*BN(3,JJ)

          Y5=GRDD(JJ)*BP(3,JJ)

          STDN(JJ,ISA)=STDN(JJ,ISA)-Y4

          STDP(JJ,ISA)=STDP(JJ,ISA)-Y5

          X4=MIN(GRLV(JJ)*CNLV(JJ),UN1(JJ,ISA))

          X3=UP1(JJ,ISA)/((DM(JJ,ISA)+.01)*1000.)

          X5=MIN(GRLV(JJ)*X3,UP1(JJ,ISA))

          Z2=YLSD*BN(3,JJ)

          Z3=YLSD*BP(3,JJ)

          YLN=MIN(.9*(UN1(JJ,ISA)+STDN(JJ,ISA)),YLD(JJ)*CNLV(JJ))

          YLP=MIN(.9*(UP1(JJ,ISA)+STDP(JJ,ISA)),YLD(JJ)*X3)

          X11=GRLV(JJ)-YLD(JJ)+GRDD(JJ)-YLSD

          X10=X4-YLN+Y4-Z2

	      JJK=JJ

          CALL NCNSTD(X11,X10,LD1)

          FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5-Z3)

          YY=YLD(JJ)+YLSD

          YLD2(JJ,ISA)=YLD2(JJ,ISA)+YY

          JD(ISA)=JJ

          SRA(JJ,ISA)=0.

          UN1(JJ,ISA)=UN1(JJ,ISA)-X4

          UP1(JJ,ISA)=UP1(JJ,ISA)-X5

          DM(JJ,ISA)=DM(JJ,ISA)-GRLV(JJ)

          IF(DM(JJ,ISA)<RW(JJ,ISA))RW(JJ,ISA)=DM(JJ,ISA)

          STL(JJ,ISA)=DM(JJ,ISA)-RW(JJ,ISA)

          YLN=YLN+Z2

          YLP=YLP+Z3

          YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

          YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

          TYN(ISA)=TYN(ISA)+YLN

          TYP(ISA)=TYP(ISA)+YLP

          Y1=1000.*YLD(JJ)

          Y2=1000.*YLSD

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),29)ISA,NBSA(ISA),IYR,&

          MO,KDA,IOW,IHD,TIL(JT1),CPNM(JD(ISA)),Y1,Y2,AGPM(ISA),STL(JJ,ISA),&

          STD(JJ,ISA),CNLV(JJ),BN(3,JJ),XHSM(ISA)

          IF(KFL(18)>0)THEN

              IF(K==1)THEN

                  X1=SPFD(ISA)

              ELSE

                  X1=0.

              END IF    

              WRITE(KW(18),3)ISA,NBSA(ISA),IYR,MO,KDA,IY,IOW,IHD&

              ,TIL(JT1),CPNM(JD(ISA)),Y1,Y2,X1,AGPM(ISA),STL(JJ,ISA),&

              STD(JJ,ISA),CNLV(JJ),BN(3,JJ)

          END IF    

      END DO 

      SMM(141,MO,ISA)=SMM(141,MO,ISA)+1.         

      RETURN

    3 FORMAT(1X,2I8,1X,6I4,1X,A8,1X,A4,6F10.2,6F10.4)

   29 FORMAT(1X,2I8,1X,3I4,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,A4,2X&

      ,'YLD=',F7.2,'kg/ha',2X,'YSD=',F7.2,'kg/ha',2X,'AGPM=',F7.2,'t/ha',&

      2X,'STL=',F7.2,'t/ha',2X,'STD=',F7.2,'t/ha',2X,'CNLV=',F7.4,'g/g',&

      2X,'CNDD=',F7.4,'g/g',2X,'HUSC=',F5.2)

      END






src/THVOR.f90

      SUBROUTINE THVOR(X6,JRT)

!     APEX1501

!     THIS SUBPROGRAM HARVESTS CROPS WITH OVER RIDE HARVEST INDEX--

!     FORAGE(HAY, SILAGE, ETC) AND GRAZING.

      USE PARM 

      JRT=0

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

      YY=0.

      YLK=0.

      YLN=0.

      YLP=0.

      YLR=0.

      YLRN=0.

      YLRP=0.

 	  IOW=IDON(ISA)

      JJ=JJK

      DO

          IF(KGO(JJ,ISA)==0)EXIT

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.II==NHC&

          (3))THEN

              IF(JH(IRO(ISA),KT(ISA),ISA)/=KDC(JJ))EXIT

              I1=LYR(IRO(ISA),KT(ISA),ISA)

              IF(IYH(JJ,ISA)<I1.AND.I1/=1)THEN

                  KOMP(KT(ISA),ISA)=0

                  JRT=1

                  RETURN

              END IF

          END IF

          IF(II==NHC(3))THEN

              IF(IHT(JT1,ISA)>0)RETURN

              IHT(JT1,ISA)=1

          END IF

          IF(JP(JJ,ISA)<=0)THEN

              JP(JJ,ISA)=1

              NCR(JJ,ISA)=NCR(JJ,ISA)+1

          END IF

          HUF(JJ,ISA)=MAX(HUF(JJ,ISA),HU(JJ,ISA))

          DMF(JJ,ISA)=DM1(JJ,ISA)

          TRA(JJ,ISA)=SRA(JJ,ISA)+TRA(JJ,ISA)

          IF(RD(JJ,ISA)>RDF(JJ,ISA))RDF(JJ,ISA)=RD(JJ,ISA)

          XX=DM(JJ,ISA)+.001

          X3=RW(JJ,ISA)

          X12=STL(JJ,ISA)

          X2=MAX(.001,UN1(JJ,ISA)/XX)

          X7=X2*.001

          X10=MAX(.0001,UP1(JJ,ISA)/XX)

          X8=STD(JJ,ISA)+STDO(ISA)+1.E-10

          RNR=STDN(JJ,ISA)/X8

          RPR=STDP(JJ,ISA)/X8

          X1=ORHI(JT1)

          HEX=HE(JT1)

          IF(HEX<0.)THEN

              HEX=-HEX

              CRSN=(WLSN(LD1,ISA)+WLMN(LD1,ISA))/RSD(LD1,ISA)

              CRSP=FOP(LD1,ISA)/RSD(LD1,ISA)

              YLR=X1*RSD(LD1,ISA)*HEX 

              YLRN=YLR*CRSN

              YLRP=YLR*CRSP

              FOP(LD1,ISA)=FOP(LD1,ISA)-YLRP

              CALL NCNSTD(-YLR,-YLRN,LD1)

              AJHI(JJ,ISA)=0.

          ELSE

              IF(TLD(JT1)>0.)THEN

                  CALL THVRT(YLSD,X6,X1,X3,JJ,LD1)

                  GO TO 8

              END IF

              IF(II==NHC(22))THEN

                  KOMP(KT(ISA),ISA)=0	

                  IF(AGPM(ISA)<PRMT(79).OR.NMW(ISA)<IMW(ISA))EXIT

                  NMW(ISA)=0

              END IF

          END IF

          ZZ=MAX(.01,1.-X1)

          YZ=X1*X8      

          XZ=X1*X12

          IF(II/=NHC(3))THEN

              IF(IDC(JJ)/=NDC(7).AND.IDC(JJ)/=NDC(8).AND.IDC(JJ)/=NDC(10))THEN

                  CPHT(JJ,ISA)=MAX(.001,CPHT(JJ,ISA)*ZZ)

                  HU(JJ,ISA)=MAX(.1,HU(JJ,ISA)*ZZ)

                  SLAI(JJ,ISA)=MAX(.01,SLAI(JJ,ISA)*ZZ)

              END IF

          END IF

          STD(JJ,ISA)=MAX(.01,STD(JJ,ISA)*ZZ)

          STDO(ISA)=MAX(.01,STDO(ISA)*ZZ)

          YLD(JJ)=XZ*HEX

          YLSD=YZ*HEX

          Y4=YZ*RNR

          Y5=YZ*RPR

          STDN(JJ,ISA)=MAX(1.E-10,STDN(JJ,ISA)-Y4)

          STDP(JJ,ISA)=MAX(1.E-10,STDP(JJ,ISA)-Y5)

          X4=MIN(XZ*X2,UN1(JJ,ISA))

          X5=MIN(XZ*X3,UP1(JJ,ISA))

          Z2=YLSD*RNR

          Z3=YLSD*RPR

          YLN=MIN(.9*(UN1(JJ,ISA)+STDN(JJ,ISA)),YLD(JJ)*X2)

          YLP=MIN(.9*(UP1(JJ,ISA)+STDP(JJ,ISA)),YLD(JJ)*X3)

          X11=XZ-YLD(JJ)+YZ-YLSD

          X10=X4-YLN+Y4-Z2

          JJK=JJ

          CALL NCNSTD(X11,X10,LD1)

          FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5-Z3)

          YY=YLD(JJ)+YLSD+YLR

          YLD2(JJ,ISA)=YLD2(JJ,ISA)+YY

          JD(ISA)=JJ

          SRA(JJ,ISA)=0.

          UN1(JJ,ISA)=UN1(JJ,ISA)-X4

          UP1(JJ,ISA)=UP1(JJ,ISA)-X5

          DM(JJ,ISA)=DM(JJ,ISA)-XZ

          IF(DM(JJK,ISA)<RW(JJK,ISA))RW(JJK,ISA)=DM(JJK,ISA)

          STL(JJ,ISA)=DM(JJ,ISA)-RW(JJ,ISA)

          YLN=YLN+Z2+YLRN

          YLP=YLP+Z3+YLRP

          YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

          YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

          IYH(JJ,ISA)=0

        8 TYN(ISA)=TYN(ISA)+YLN

          TYP(ISA)=TYP(ISA)+YLP

          TYK(ISA)=TYK(ISA)+YLK

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),7)ISA,NBSA(ISA),IYR,MO,KDA,TIL&

          (JT1),CPNM(JD(ISA)),YLD(JJ),YLSD,AGPM(ISA),X12,X3,X1,X7,XHSM(ISA),YLN,YLP

          EXIT

      END DO    

      RETURN

    3 FORMAT(1X,2I8,1X,I4,2I2,3I4,1X,A8,1X,A4,6F8.4)

    7 FORMAT(1X,2I8,1X,3I4,2X,A8,2X,A4,2X,'YLD=',F7.2,'t/ha',2X,'YSD=',&

      F7.2,'t/ha',2X,'AGPM=',F7.2,'t/ha',2X,'STL=',F7.2,'t/ha',2X'RWT=',&

      F7.2,'t/ha',2X,'HI=',F7.3,2X,'NCN=',F7.3,'G/G',2X,'HUSC=',F5.2,2X,&

      'YLN=',F5.0,'kg/ha',2X,'YLP=',F5.0,'kg/ha')

      END






src/THVRT.f90

      SUBROUTINE THVRT(YLSD,X6,X1,X3,JJ,LD1)

!     APEX1501

!     THIS SUBPROGRAM HARVESTS ROOT CROPS.

      USE PARM 

      JD=JJ

      LD1=LID(1,ISA)

      YLSD=0.

	  X1=ORHI(JT1)

	  XX=DM(JJ,ISA)

      XZ=X1*X3

      YY=XZ*HE(JT1)*X6

      X12=UN1(JJ,ISA)/XX

      X13=UP1(JJ,ISA)/XX

      X9=.9*STL(JJ,ISA)

	  X10=X12*X9

	  AD1=X10

	  JJK=JJ

	  CALL NCNSTD(X9,X10,LD1)

      U2=X13*X9 

	  AD2=U2

	  FOP(LD1,ISA)=FOP(LD1,ISA)+U2

      YLN=YY*X12

      YLP=YY*X13

	  XX=X1*(1.-HE(JT1))

	  RW(JJ,ISA)=0.

	  DO J=1,LRD(ISA)

          ISL=LID(J,ISA)

          X11=RWT(ISL,JJ,ISA)*XX

	      RWT(ISL,JJ,ISA)=RWT(ISL,JJ,ISA)*(1.-X1)

	      X10=X11*X12

	      AD1=AD1+X10

	      JJK=JJ

	      CALL NCNSTD(X11,X10,ISL)

          U2=X11*X13

	      AD2=AD2+U2 

          FOP(ISL,ISA)=FOP(ISL,ISA)+U2

          RW(JJ,ISA)=RW(JJ,ISA)+RWT(ISL,JJ,ISA)

      END DO

      YLD(JJ)=YY

      YLD1(JJ,ISA)=YY

      YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

      YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

	  STL(JJ,ISA)=STL(JJ,ISA)-X9

	  DM(JJ,ISA)=RW(JJ,ISA)+STL(JJ,ISA)

      UN1(JJ,ISA)=UN1(JJ,ISA)-YLN-AD1

!	TOT=TOT+UN1(JJK)

      UP1(JJ,ISA)=UP1(JJ,ISA)-YLP-AD2

	  HU(JJ,ISA)=HU(JJ,ISA)*.1

      SLAI(JJ,ISA)=.05

      RETURN

      END






src/TILTBL.f90

      SUBROUTINE TILTBL

!     APEX1501

!     THIS SUBPROGRAM READS EQUIPMENT TABLE TO DETERMINE PARAMETERS OF

!     INPUT OPERATIONS AND COMPUTES OPERATION COSTS(EQUIPMENT + TRACTOR)

      USE PARM 

      CHARACTER(4)PCAT,PCD

      CHARACTER(8)TILX

      DIMENSION YTP(14),PCAT(5)

      DATA PCAT/'POWE','NON ','SELF','IRRI','CUST'/

      IF(NDT>0)THEN

          DO L=1,MXT

              IF(NBE(L)/=JX(4).OR.NBT(L)/=JX(5))CYCLE

              NDT=L

              RETURN

          END DO

      END IF

      NDT=MXT+1

      MXT=NDT

      NBE(NDT)=JX(4)

      NBT(NDT)=JX(5)

      NN=JX(4)

      JJ=JX(4)

      COTL(NDT)=0.

      COOP(NDT)=0.

      DO J=1,2

          READ(KR(3),25)TILX

          READ(KR(3),25)TILX

          ! READ EQUIPMENT DATA TABLE

          ! TIL  = EQUIPMENT NAME

          ! PCD  = POWER CODE

          ! 1  PRIC = PURCHASE PRICE($)--EXCEPTION CUSTOM = COST($/ha)

          ! 2  XLP  = INITIAL LIST PRICE IN CURRENT($)

          ! 3  HRY  = ANNUAL USE(h)

          ! 4  HRL  = LIFE OF EQUIP(h)

          ! 5  PWR  = POWER OF UNIT(KW)

          ! 6  WDT  = WIDTH OF PASS(m)

          ! 7  SPD  = OPERATING SPEED(KM/H)

          ! 8  RC1  = REPAIR COST COEF 1

          ! 9  RC2  = REPAIR COST COEF 2

          !10  XLB  = LUBRICANT FACTOR

          !11  FCM  = FUEL CONSUMPTION MULTIPLIER

          !12  RFV1 = REMAINING FARM VALUE PARM 1

          !13  RFV2 = REMAINING FARM VALUE PARM 2

          !14  EFM  = MACHINE EFFICIENCY

          !15  RTI  = ANNUAL REAL INTEREST RATE($/$)

          !16  EMX  = MIXING EFFICIENCY (0-1)

          !17  RR   = RANDOM SURFACE ROUGHNESS CREATED BY TILLAGE OPERATION (mm)

          !18  TLD  = TILLAGE DEPTH(mm)

          !19  RHT  = RIDGE HEIGHT (mm)

          !20  RIN  = RIDGE INTERVAL (m)

          !21  DKH  = HEIGHT OF FURROW DIKES (mm) (BLANK IF DIKES NOT USED)

          !22  DKI  = DISTANCE BETWEEN FURROW DIKES (m)(BLANK IF DIKES NOT USED

          !23  IHC  = OPERATION CODE

          !           1 = KILL CROP

          !           2 = HARVEST WITHOUT KILL

          !           3 = HARVEST ONCE DURING SIMULATION WITHOUT KILL

          !           4 =

          !           5 = PLANT IN ROWS

          !           6 = PLANT WITH DRILL

          !           7 = APPLY PESTICIDE

          !           8 = IRRIGATE

          !           9 = FERTILIZE

          !          10 = BAGGING & TIES (COTTON)

          !          11 = GINNING

          !          12 = HAULING

          !          13 = DRYING

          !          14 = BURN

          !          15 = PUDDLE

          !          16 = DESTROY PUDDLE

          !          17 = BUILDS FURROW DIKES

          !          18 = DESTROYS FURROW DIKES

          !          19 = START GRAZING

          !          20 = STOP GRAZING

          !          21 = SCRAPE MANURE FROM PENS

          !          22 = AUTO MOW

          !          23 = PLASTIC COVER

          !          24 = REMOVE PLASTIC COVER    

          !          25 = STOP DRAINAGE SYSTEM FLOW

          !          26 = RESUME DRAINAGE FLOW

          !          27 = ADD MULCH

          !24  HE   = HARVEST EFFICIENCY(0-1)

          !         = PESTICIDE APPLICATION EFFICIENCY

          !25  ORHI = OVER RIDES SIMULATED HI 

          !         = GRAZING LIMIT--MINIMUM ABOVE GROUND PLANT MATERIAL(t/ha)

          !           OVER RIDES GZL0 AND GZLM 

          !26  FRCP = FRACTION OF SOIL COMPACTED(TIRE WIDTH/TILLAGE WIDTH)

          !27  FPOP = FRACTION PLANT POPULATION REDUCED BY OPERATION

          !28  TCEM = CARBON EMISSION(kg/ha)

          !29  STIR = NRCS STIR VALUE

          J2=-1

          DO WHILE(J2/=JJ)

              READ(KR(3),18,IOSTAT=NFL)J2,TILX,PCD,PRIC,XLP,HRY,HRL,PWR,WDT,SPD,&

              RC1,RC2,XLB,FCM,RFV1,RFV2,EFM(NDT),RTI,(YTP(L),L=1,14)

              IF(NFL/=0)THEN

                  WRITE(*,*)'TILLAGE NO = ',JJ,' NOT IN TILL FILE     &

                  SAID = ',NBSA(ISA)

                  STOP

              END IF

          END DO

          IF(J==1)THEN

              WDTE=WDT

              SPDE=SPD

	          EFME=EFM(NDT)      

              TIL(NDT)=TILX

              EMX(NDT)=YTP(1)

              RR(NDT)=YTP(2)

              TLD(NDT)=YTP(3)*.001

              RHT(NDT)=YTP(4)

              RIN(NDT)=YTP(5)

              DKH(NDT)=YTP(6)

              DKI(NDT)=YTP(7)

              IHC(NDT)=YTP(8)

	          HE(NDT)=YTP(9)

              ORHI(NDT)=YTP(10)

              FRCP(NDT)=YTP(11)

              FPOP(NDT)=YTP(12)

              STIR(NDT)=YTP(14)

              JJ=JX(5)

	          IF(IHC(NDT)==NHC(17))THEN

                  RHTT=RHT(NDT)

	              RGIN=RIN(NDT)

	          END IF

              IF(IHC(NDT)==NHC(22))HMO(NDT)=-TLD(NDT)

	          IF(IHC(NDT)==NHC(23))THEN

	              PALB=RR(NDT)

	              FCV=EFM(NDT)

	          END IF

	      END IF

          IF(HRY<1.E-10)THEN

              IF(PCD==PCAT(5))THEN

                  COTL(NDT)=PRIC-XLP

                  COOP(NDT)=PRIC-XLP

                  ICUS(NDT)=1

              END IF

              REWIND KR(3)

              RETURN

          END IF

          YR=MIN(30.,HRL/HRY)

          IF(NBYR>1.AND.NSTP==0.AND.RTI>0.)THEN

              X1=(1.+RTI)**YR

              AMF=RTI*X1/(X1-1.+1.E-10)

          ELSE

              AMF=1./YR

          END IF

          SALV=RFV1*XLP*RFV2**YR

          CSTA=AMF*(PRIC-SALV)/HRY

          CSTI=RTI*SALV/HRY

          CSTO=CSTA+CSTI

          TAR=XLP*RC1*(.001*HRL)**RC2/HRL

          FULU(NDT)=FCM*PWR

          CSFU=FULU(NDT)*FULP

          DO I=1,4

              IF(PCD==PCAT(I))EXIT

          END DO

          K=0 

          SELECT CASE(I)

	          CASE(1)

	              FLAB=1.1

	          CASE(2)

	              IF(NBT(NDT)==0)THEN

	                  COTL(NDT)=CSTO+TAR

                      COOP(NDT)=TAR

	                  K=1

	              ELSE

                      FLAB=.08

	              END IF

	          CASE(3)

	              FLAB=1.2

	          CASE(4)

	              COTL(NDT)=CSTO+TAR

                  COOP(NDT)=TAR

	              K=1

              CASE DEFAULT

                  K=1	              

	      END SELECT

	      IF(K==0)THEN

              CSTW=WAGE*FLAB

              TOCS=TAR+(1.+XLB)*CSFU+CSTW

              X1=SPDE*WDTE*EFME

              IF(X1<1.E-5)X1=5.

              CAPM=10./X1

              COOP(NDT)=TOCS*CAPM+COOP(NDT)

              TOCS=TOCS+CSTO

              COTL(NDT)=TOCS*CAPM+COTL(NDT)

	          FULU(NDT)=CAPM*FULU(NDT)

	      END IF

	      NN=JX(5)

          REWIND KR(3)

          IF(NN==0)RETURN

      END DO          

      RETURN

   18 FORMAT(1X,I4,1X,A8,1X,A4,29F8.0)

   25 FORMAT(A8)

      END






src/TLOP.f90

      SUBROUTINE TLOP(CSTX,COX,JRT)

!     APEX1501

!     THIS SUBPROGRAM CONTROLS ALL TILLAGE OPERATIONS INCLUDING PLANTING

!     & HARVESTING.

      USE PARM 

      FNPP(X)=DMLA(JJK)*X/(X+EXP(PPCF(1,JJK)-PPCF(2,JJK)*X))

      JRT=0

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

      N1=MAX(1,NN)

      WSAX=WSA(ISA)

      X1=CND(IRO(ISA),KT(ISA),ISA)

      IF(ABS(X1-CN0(ISA))>0.)THEN

          X2=SMX(ISA)

          CALL HCNSLP(X1,X3)

          CN0(ISA)=X1

          CN2(ISA)=X1

          SCI(ISA)=SMX(ISA)*SCI(ISA)/X2

      END IF

      SELECT CASE(II)

          CASE(1,2,3,19,22)

              GO TO 10

          CASE(5)

              IDRL(ISA)=0

          CASE(6)

              IDRL(ISA)=1

          CASE(7,8)

              GO TO 57

          CASE(10)

              CSTX=-CSTX*YLD1(JJK,ISA)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(11)

              CSTX=-CSTX*YLD(JJK)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(12,13)

              IF(ICUS(JT1)==0)GO TO 57

              CSTX=-CSTX*YLD(JJK)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(14)

              CALL TBURN

              GO TO 7

          CASE(15) !Puddle paddy fields Jaehak Jeong 2016 paddy

	          SATC(LID(2,ISA),ISA)=PRMT(39)

              GO TO 57

          CASE(16) !Destroy Puddle Jaehak Jeong 2016 paddy

              SATC(LID(2,ISA),ISA)=SATK(ISA)

              GO TO 57

          CASE(21)

              KOMP(KT(ISA),ISA)=0

              ISCP(ISA)=ISCP(ISA)+1

              IF(ISCP(ISA)<MSCP)THEN

                  JRT=1

                  RETURN

              END IF

              ISCP(ISA)=0

              XX=1.-ORHI(JT1)

              X4=RSDM(LD1,ISA)*ORHI(JT1)

              RSDM(LD1,ISA)=RSDM(LD1,ISA)-X4

              X1=WCMU(LD1,ISA)*ORHI(JT1)

              WCMU(LD1,ISA)=WCMU(LD1,ISA)-X1

              X2=WCOU(LD1,ISA)*ORHI(JT1)

              WCOU(LD1,ISA)=WCOU(LD1,ISA)-X2

              X6=WNOU(LD1,ISA)*ORHI(JT1)

              WNOU(LD1,ISA)=WNOU(LD1,ISA)-X6

              X7=WNMU(LD1,ISA)*ORHI(JT1)

              WNMU(LD1,ISA)=WNMU(LD1,ISA)-X7

              WLM(LD1,ISA)=WLM(LD1,ISA)*XX

              WLS(LD1,ISA)=WLS(LD1,ISA)*XX

	          WLSL(LD1,ISA)=WLSL(LD1,ISA)*XX

              X2=WLMC(LD1,ISA)*ORHI(JT1)

              WLMC(LD1,ISA)=WLMC(LD1,ISA)-X2

              X1=WLSC(LD1,ISA)*ORHI(JT1)

              WLSC(LD1,ISA)=WLSC(LD1,ISA)-X1

              X101=WSAX*(X1+X2)

              SMM(101,MO,ISA)=SMM(101,MO,ISA)+X101

              VAR(101,ISA)=X101

              WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*XX

              WLSLNC(LD1,ISA)=WLSLNC(LD1,ISA)*XX

              X2=ORHI(JT1)*WNO3(LD1,ISA)

              X3=ORHI(JT1)*WNH3(LD1,ISA)

              WNO3(LD1,ISA)=MAX(1.E-5,WNO3(LD1,ISA)-X2)

              WNH3(LD1,ISA)=WNH3(LD1,ISA)-X3

              X1=ORHI(JT1)*WLMN(LD1,ISA)

              X5=ORHI(JT1)*WLSN(LD1,ISA)

              WLMN(LD1,ISA)=WLMN(LD1,ISA)-X1

              WLSN(LD1,ISA)=WLSN(LD1,ISA)-X5

              X9=WSAX*(X1+X2+X3+X5+X6+X7)

              SMM(89,MO,ISA)=SMM(89,MO,ISA)+X9

              VAR(89,ISA)=X9

              X3=WPOU(LD1,ISA)*ORHI(JT1)

              WPOU(LD1,ISA)=WPOU(LD1,ISA)-X3

              X1=ORHI(JT1)*FOP(LD1,ISA)

              FOP(LD1,ISA)=FOP(LD1,ISA)-X1

              X2=ORHI(JT1)*WPML(LD1,ISA)

              WPML(LD1,ISA)=WPML(LD1,ISA)-X2

              X5=WPMU(LD1,ISA)*ORHI(JT1)

              WPMU(LD1,ISA)=WPMU(LD1,ISA)-X5

              X90=WSAX*(X1+X2+X3+X5)

              SMM(90,MO,ISA)=SMM(90,MO,ISA)+X90

              VAR(90,ISA)=X90

              X1=ORHI(JT1)*SOLK(LD1,ISA)

              SOLK(LD1,ISA)=SOLK(LD1,ISA)-X1

              X2=ORHI(JT1)*EXCK(LD1,I)

              EXCK(LD1,I)=EXCK(LD1,I)-X2

              X3=ORHI(JT1)*FIXK(LD1,I)

              FIXK(LD1,I)=FIXK(LD1,I)-X3

              SMM(153,MO,ISA)=SMM(153,MO,ISA)+X1+X2+X3

              VAR(153,ISA)=X1+X2+X3

              SMNU(IDON(ISA))=SMNU(IDON(ISA))+X4*WSAX

              IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),44)ISA,&

              NBSA(ISA),IYR,MO,KDA,TIL(JT1),X4,ORHI(JT1),RSD(LD1,ISA),&

              RSDM(LD1,ISA),SMNU(IDON(ISA)),XHSM(ISA)

              RETURN

          CASE(23)

              ICV=1

              GO TO 57

          CASE(24)

              ICV=0

              GO TO 57

          CASE(27)

              CALL NMULCH(KT(ISA))

              RETURN

          CASE DEFAULT

              GO TO 6

      END SELECT

      ISL=LID(2,ISA)

      DO K=1,NN

          I2=LY(IRO(ISA),K,ISA)

          IF(JH(IRO(ISA),KT(ISA),ISA)==KDC(I2))EXIT

      END DO

      IF(K>NN.OR.KGO(I2,ISA)>0)GO TO 26

      ZX=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          Z1=Z(ISL,ISA)

          ZZ=.5*(ZX+Z1)

          IF(ZZ>=.075)EXIT

   	      ZX=Z1 

      END DO

      IF(I>NBSL(ISA))THEN

          ISL=LID(NBSL(ISA),ISA)

          LRD(ISA)=NBSL(ISA)

      ELSE

          LRD(ISA)=I

      END IF

      IF(STMP(ISL,ISA)<TBSC(I2)+2.)THEN

          KOMP(KT(ISA),ISA)=0

          JRT=1

          RETURN 

      END IF

      AWC(JJK,ISA)=RZSW(ISA)

      IGO(ISA)=IGO(ISA)+1

!	  TCPA(I2)=TCPA(I2)+WSA(ISA)

	  KC(ISA)=1

      DO K=1,NN

          IF(JE(K,ISA)>=MNC)EXIT

      END DO

      KC(ISA)=MIN(K,NN)

      JE(KC(ISA),ISA)=I2

      JJK=I2

      KGO(JJK,ISA)=I2

      JP(JJK,ISA)=0

	  IYH(JJK,ISA)=1

      SWH(JJK,ISA)=0.

      SWP(JJK,ISA)=0.

      ACET(JJK,ISA)=0.

      XDLAI(JJK)=DLAI(JJK)

      IF(PADDY_STO(1,ISA)>=.1.AND.PADDY_HWEIR(ISA)>0)THEN

          SLAI(JJK,ISA)=LAI_INIT

          BIR(ISA)=0.

      END IF    

	  IF(CPNM(JJK)=='FALW')NCR(JJK,ISA)=NCR(JJK,ISA)+1

      WCYD=.3

      STDO(ISA)=STDO(ISA)+STD(JJK,ISA)

      STDON(ISA)=STDON(ISA)+STDN(JJK,ISA)

      STDOP(ISA)=STDOP(ISA)+STDP(JJK,ISA)

      STD(JJK,ISA)=0.

      STDN(JJK,ISA)=0.

      STDP(JJK,ISA)=0.

      STDK(JJK,ISA)=0.

      STDL(JJK,ISA)=0.

      RD(JJK,ISA)=TLD(JT1)

      HU(JJK,ISA)=0.

      DM(JJK,ISA)=SDW(JJK)*5.E-4

      DM1(JJK,ISA)=DM(JJK,ISA)

      RW(JJK,ISA)=.4*DM(JJK,ISA)

      RWT(ISL,JJK,ISA)=RW(JJK,ISA)

      ROSP(ISA)=RIN(JT1)

      PPL0(JJK,ISA)=POP(JJK,IHU(JJK,ISA),ISA)

      XLAI(JJK,ISA)=FNPP(PPL0(JJK,ISA))

      DMLX(JJK)=XLAI(JJK,ISA)

	  X1=SDW(JJK)*CSTS(JJK)

      COST(ISA)=COST(ISA)+X1

      LRD(ISA)=MAX(2,LRD(ISA))

      JPL(JJK,ISA)=1

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),32)ISA,&

      NBSA(ISA),IYR,MO,KDA,CPNM(JJK),CV(ISA)

      IF(KFL(31)>0)WRITE(KW(31),49)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JT1),&

      KDC(JJK),II,NBE(JT1),NBT(JT1),X1,X1,SDW(JJK)

    6 EE=EMX(JT1)

      IF(II==NHC(19))THEN

          DO IHD=1,NHRD(IOW)

              IF(IGZX(IHD,IOW)==ISA)EXIT

          END DO

          IF(IHD<=NHRD(IOW))EE=EE*GCOW(IHD,ISA)/WSAX

      END IF

      PPL0(JJK,ISA)=(1.-FPOP(JT1))*PPL0(JJK,ISA)

      XLAI(JJK,ISA)=FNPP(PPL0(JJK,ISA))

      DMLX(JJK)=XLAI(JJK,ISA)

      DMX=TLD(JT1)

      !Mix soil properties in flooded/dry paddy fields Jaehak Jeong 2016

      IF(PADDY_STO(1,ISA)>=.1)THEN

          CALL TMIX_FLOODED(EE,DMX,0,0) 

      ELSE

          CALL TMIX(EE,DMX,0,0)

      ENDIF     

	  IF(DMX>BIG(ISA))TLD(JT1)=BIG(ISA)

      IF(II==NHC(22).OR.II==NHC(19))GO TO 26

	  IF(II==NHC(15))THEN

	      SATC(LID(2,ISA),ISA)=PRMT(39)

	  ELSE

	      IF(II==NHC(16))SATC(LID(2,ISA),ISA)=SATK(ISA)

      END IF

   57 IF(IDR(ISA)>0)THEN

          IF(II==NHC(25))THEN

              HCL(IDR(ISA),ISA)=HCLN(ISA)

          ELSE

              IF(II==NHC(26))HCL(IDR(ISA),ISA)=HCLD(ISA)

          END IF

      END IF

      IF(KFL(31)>0)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JT1),&

      KDC(JJK),II,NBE(JT1),NBT(JT1),CSTX,COX,FULU(JT1)

      SMFU(ISA)=SMFU(ISA)+FULU(JT1)

      SMST(ISA)=SMST(ISA)+STIR(JT1)

    7 XX=TLD(JT1)*1000.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),28)ISA,&

      NBSA(ISA),IYR,MO,KDA,TIL(JT1),XX,XHSM(ISA)

      IF(II/=NHC(17).AND.II/=NHC(18))GO TO 26

      IF(II/=NHC(18))THEN

          DHT(ISA)=DKH(JT1)

          DKHL(ISA)=DHT(ISA)

          DKIN(ISA)=DKI(JT1)

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),30)ISA,&

          NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

          GO TO 26

      END IF

      DHT(ISA)=0.

      DKHL(ISA)=0.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),30)ISA,&

      NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

      GO TO 26

   10 CALL PESTF

      X6=PSTF(ISA)

      TPSF(ISA)=TPSF(ISA)+X6

      NPSF(ISA)=NPSF(ISA)+1

      IF(II==NHC(19).AND.LGZ==0)THEN

          RST0(ISA)=RSTK(IRO(ISA),KT(ISA),ISA)

          CALL TGRAZ(JRT)

          IF(JRT==0)GO TO 6

          RETURN

      END IF

      IF(ORHI(JT1)>0..OR.II==NHC(22))THEN

          CALL THVOR(X6,JRT)

	      IF(JRT==0)GO TO 6

	      RETURN

	  END IF

      DO K=1,LC

          J1=JE(K,ISA)

          IF(KGO(J1,ISA)==0)CYCLE

          IF(JH(IRO(ISA),KT(ISA),ISA)==KDC(J1))EXIT

      END DO

      IF(K>LC)THEN

           CSTX=0.

           COX=0.

           JRT=1

           RETURN 

      ELSE

          JJK=JE(K,ISA)

          DMF(JJK,ISA)=DM1(JJK,ISA)

          IF(JP(JJK,ISA)==0)THEN

              JP(JJK,ISA)=1

              NCR(JJK,ISA)=NCR(JJK,ISA)+1

          END IF

          IF(II/=NHC(1))THEN

              HUF(JJK,ISA)=MAX(HUF(JJK,ISA),HU(JJK,ISA))

              TRA(JJK,ISA)=SRA(JJK,ISA)+TRA(JJK,ISA)

              IF(RD(JJK,ISA)>RDF(JJK,ISA))RDF(JJK,ISA)=RD(JJK,ISA)

              XX=DM(JJK,ISA)+.001

              X2=UN1(JJK,ISA)/XX

              X7=X2*.001

              X3=UP1(JJK,ISA)/XX

              XX=STD(JJK,ISA)+1.E-10

              RNR=STDN(JJK,ISA)/XX

              RPR=STDP(JJK,ISA)/XX

              RKR=STDK(JJK,ISA)/XX

              STDL(JJK,ISA)=CLG(ISA)*XX

              RLR=STDL(JJK,ISA)/XX

              XX=100.*SWH(JJK,ISA)/(SWP(JJK,ISA)+1.E-5)

              IF(SCLM(10)>0.)XX=MIN(XX,SCLM(10))

              FWS=XX/(XX+EXP(SCRP(10,1)-SCRP(10,2)*XX))

              !FNS=1.-SFCP(2,JJK,ISA)/REAL(NGD(JJK,ISA))

              XX=MAX(AJHI(JJK,ISA)-WSYF(JJK),0.)

              FT=MAX(.1,1.+PRMT(81)*(IYR-2000))

              X1=MIN(FWS*XX+WSYF(JJK),.9*DM(JJK,ISA)/(STL(JJK,ISA)+1.E-10))*FT

              X1=MAX(X1,WSYF(JJK))

              X2=1000.*CNY(JJK)*(X7/BN(3,JJK))**.1

              X3=1000.*CPY(JJK)*(.001*X3/BP(3,JJK))**.1

              X8=1000.*CKY(JJK)

              XZ=X1*STL(JJK,ISA)

              YZ=X1*STD(JJK,ISA)

              ZZ=MAX(.01,1.-X1)

              CPHT(JJK,ISA)=CPHT(JJK,ISA)*ZZ

              HU(JJK,ISA)=MAX(.1,HU(JJK,ISA)*ZZ)

              SLAI(JJK,ISA)=SLAI(JJK,ISA)*ZZ

              STL(JJK,ISA)=STL(JJK,ISA)*ZZ

              STD(JJK,ISA)=STD(JJK,ISA)*ZZ

              STDL(JJK,ISA)=STDL(JJK,ISA)*ZZ

              YLD(JJK)=XZ*HE(JT1)*X6

              YLSD=YZ*HE(JT1)

              Y4=YZ*RNR

              Y5=YZ*RPR

              Y6=YZ*RKR

              STDN(JJK,ISA)=MAX(1.E-10,STDN(JJK,ISA)-Y4)

              STDP(JJK,ISA)=MAX(1.E-10,STDP(JJK,ISA)-Y5)

              STDK(JJK,ISA)=MAX(1.E-10,STDK(JJK,ISA)-Y6)

              STDL(JJK,ISA)=MAX(STDL(JJK,ISA)-YZ*RLR,.1*STD(JJK,ISA))

              X4=MIN(XZ*X2,UN1(JJK,ISA))

              X5=MIN(XZ*X3,UP1(JJK,ISA))

              X11=XZ-YLD(JJK)+YZ-YLSD

              Z2=YLSD*RNR

              Z3=YLSD*RPR

              Z4=YLSD*RKR

              YLN=MIN(.9*(UN1(JJK,ISA)+STDN(JJK,ISA)),YLD(JJK)*X2+Z2)

              YLP=MIN(.9*(UP1(JJK,ISA)+STDP(JJK,ISA)),YLD(JJK)*X3+Z3)

              YLK=MIN(.9*(UK1(JJK,ISA)+STDK(JJK,ISA)),YLD(JJK)*X8+Z4)

              X10=X4-YLN+Y4

              CALL NCNSTD(X11,X10,LD1)

              FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5)

              YY=YLD(JJK)+YLSD

              YLD(JJK)=YY

	          IF(IDC(JJK)/=NDC(9))THEN

                  YLD1(JJK,ISA)=YLD1(JJK,ISA)+YY

              ELSE

                  YLD1(JJK,ISA)=YLD1(JJK,ISA)+FTO(JJK)*YY

                  YLD2(JJK,ISA)=YLD2(JJK,ISA)+YLD1(JJK,ISA)*(1./FLT(JJK)-1.)

              END IF

              X2=DM(JJK,ISA)

              X3=RW(JJK,ISA)

              JD(ISA)=JJK

              SRA(JJK,ISA)=0.

              UN1(JJK,ISA)=UN1(JJK,ISA)-X4

              UP1(JJK,ISA)=UP1(JJK,ISA)-X5

              DM(JJK,ISA)=DM(JJK,ISA)-XZ

              YLNF(JJK,ISA)=YLNF(JJK,ISA)+YLN

              YLPF(JJK,ISA)=YLPF(JJK,ISA)+YLP

              YLKF(JJK,ISA)=YLKF(JJK,ISA)+YLK

              TYN(ISA)=TYN(ISA)+YLN

              TYP(ISA)=TYP(ISA)+YLP

              TYK(ISA)=TYK(ISA)+YLK

	          IF(ICUS(JT1)/=0.AND.CSTX<1.E-10)THEN

                  CSTX=-CSTX*YLD(JJK)

                  COX=CSTX

              END IF

              IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),29)ISA,&

              NBSA(ISA),IYR,MO,KDA,TIL(JT1),CPNM(JD(ISA)),YY,X2,X3,X1,X6,X7,XHSM(ISA),AJHI(JJK,ISA)

          ELSE

              IF(IPD==5)THEN

                  CALL SPRNT

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),31)

                      CALL SOLIOP

                      CALL SOLIOC

                  END IF    

              END IF

              IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

                  I1=LYR(IRO(ISA),KT(ISA),ISA)

                  IF(IYH(JJK,ISA)/=I1.AND.I1/=1)THEN

                      KOMP(KT(ISA),ISA)=0

                      JRT=1

                      RETURN

                  END IF

              END IF    

              CALL TRDST

          END IF

          GO TO 6

      END IF    

   !26 XX=1.

      !DO J=1,NBSL(ISA)

          !ISL=LID(J,ISA)

          !BDU=1.6+.005*SAN(ISL,ISA)

          !X2=100.*Z(ISL,ISA)

          !IF(X2>20.)THEN

              !X1=0.

          !ELSE

              !X1=EXP(-X2)

          !END IF

          !BDP(ISL,ISA)=BDP(ISL,ISA)+(BDU-BDP(ISL,ISA))*FRCP(JT1)*.5*(X1+XX)

          !XX=X1

      !END DO

   26 RETURN

   28 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,'DPTH = ',F7.0,' mm',2X,'HUSC = ',F6.2)

   29 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,A4,2X,'YLD=',F6.2,'t/ha',2X,&

      'BIOM=',F6.2,'t/ha',2X,'RW=',F5.2,'t/ha',2X,'HI=',F6.2,2X,'PSTF=',&

      F5.2,2X,'NCN=',F6.3,'G/G',2X,'HUSC=',F5.2,2X,'AJHI=',F6.3)

   30 FORMAT(1X,2I8,1X,I4,2I2,2X,'DKH = ',F6.0,' mm',3X,'DKI = ',F7.2,&

      ' m',2X,'HUSC= ',F5.2)

   31 FORMAT(T5,'SOIL DATA')

   32 FORMAT(1X,2I8,1X,I4,2I2,2X,A4,2X,'RSD = ',F5.1,'t')

   44 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,'MNU SCRP=',F8.2,'t',2X,'SCRP EF=&

      ',F6.3,2X,'RSD REMAIN=',E13.5,'t/ha',2X,'MNU REMAIN=',E13.5,'t/ha'&

      ,2X,'MNU STK PL=',E13.5,'t',2X,'HUSC=',F5.2)

   49 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,F10.2,10X,3F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/TMIX.f90

      SUBROUTINE TMIX(EE,DMX,NMIX,IBMX)

!     APEX1501

!     THIS SUBPROGRAM MIXES N,P, AND CROP RESIDUE WITHIN THE PLOW DEPTH

!     ACCORDING TO THE MIXING EFFICIENCY OF THE IMPLEMENT, CALCULATES

!     THE CHANGE IN BULK DENSITY, CONVERTS STANDING RESIDUE TO FLAT

!     RESIDUE, AND ESTIMATES THE IMPLEMENT'S EFFECT ON RIDGE HEIGHT AND

!     INTERVAL.

      USE PARM 

      DIMENSION TST(100),DUM(MSL),XTZ(9),YTP(8)

      ISM=NDP+34

      LD1=LID(1,ISA)

      !IF(IYR==1972.AND.MO==10.AND.KDA==13)THEN

          !XTZ=0.

          !DO ISL=1,NBSL(ISA)

              !XTZ(1)=XTZ(1)+WNO3(ISL,ISA)

              !XTZ(2)=XTZ(2)+WNH3(ISL,ISA)

              !XTZ(3)=XTZ(3)+WLSN(ISL,ISA)

              !XTZ(4)=XTZ(4)+WLMN(ISL,ISA)

              !XTZ(5)=XTZ(5)+WBMN(ISL,ISA)

              !XTZ(6)=XTZ(6)+WHSN(ISL,ISA)

              !XTZ(7)=XTZ(7)+WHPN(ISL,ISA)

              !XTZ(8)=XTZ(8)+WNMU(ISL,ISA)

              !XTZ(9)=XTZ(9)+WNOU(ISL,ISA)

          !END DO

          !AD1=XTZ(1)+XTZ(2)+XTZ(3)+XTZ(4)+XTZ(5)+XTZ(6)+XTZ(7)+XTZ(8)+XTZ(9)

      !END IF 

      !TOT=0.

      IF(IBMX==0)THEN

          IF(NMIX==0)THEN

              II=IHC(JT1)

              IF(DMX<0..AND.II/=NHC(2).AND.II/=NHC(19).AND.II/=NHC(22))THEN

                  DO J=1,LC

                      IF(IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.IDC(J)==NDC(10))CYCLE

                      IF(CPHT(J,ISA)+DMX<0..OR.STL(J,ISA)<.001)CYCLE

                      XX=(CPHT(J,ISA)+DMX)/CPHT(J,ISA)

                      ZZ=XX*STD(J,ISA)

                      ZO=XX*STDO(ISA)

                      ZL=XX*STL(J,ISA)

                      STD(J,ISA)=STD(J,ISA)-ZZ

                      STDO(ISA)=MAX(1.E-5,STDO(ISA)-ZO)

                      STL(J,ISA)=STL(J,ISA)-ZL

                      X1=1.-XX

                      SLAI(J,ISA)=SLAI(J,ISA)*X1

                      HU(J,ISA)=HU(J,ISA)*X1

                      STDL(J,ISA)=STDL(J,ISA)*X1

                      DX=DM(J,ISA)+1.E-10

                      X1=ZZ+ZL+ZO

                      ZZ=XX*STDN(J,ISA)

                      ZX=XX*STDON(ISA)

                      ZN=ZL*UN1(J,ISA)/DX

                      STDN(J,ISA)=MAX(1.E-5,STDN(J,ISA)-ZZ)

                      STDON(ISA)=MAX(1.E-5,STDON(ISA)-ZX)

                      X2=ZZ+ZN+ZX

                      CALL NCNSTD(X1,X2,LD1)

                      ZZ=XX*STDP(J,ISA)

                      STDP(J,ISA)=MAX(1.E-5,STDP(J,ISA)-ZZ)

                      X1=XX*STDOP(ISA)

                      STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-X1)

                      ZP=ZL*UP1(J,ISA)/DX

                      FOP(LD1,ISA)=FOP(LD1,ISA)+ZZ+ZP+X1

                      DM(J,ISA)=DM(J,ISA)-ZL

                      UN1(J,ISA)=MAX(1.E-5,UN1(J,ISA)-ZN)

                      UP1(J,ISA)=UP1(J,ISA)-ZP

                      CPHT(J,ISA)=-DMX

                  END DO    

                  RETURN

              END IF    

          END IF

          IF(Z(LD1,ISA)>=DMX)RETURN

          RCF(ISA)=1.

          IF(RHT(JT1)<RHT(JT2).AND.TLD(JT2)>0.)THEN

              RHTT(ISA)=RHT(JT1)+(RHT(JT2)-RHT(JT1))*EXP(-DMX/TLD(JT2))

          ELSE

              RHTT(ISA)=RHT(JT1)

              RINT(ISA)=MAX(RIN(JT1),RINT(ISA))

          END IF

          F=1.-EXP(-56.9*DMX*EE)

          SUM=0.

          TOT=0.

          DO JJ=1,NCP(IRO(ISA),ISA)

              X1=STD(JJ,ISA)*F

              STD(JJ,ISA)=MAX(1.E-5,STD(JJ,ISA)-X1)

              SUM=SUM+X1

              XX=F*STDN(JJ,ISA)

              STDN(JJ,ISA)=MAX(1.E-5,STDN(JJ,ISA)-XX)

              TOT=TOT+XX

              XX=F*STDL(JJ,ISA)

              STDL(JJ,ISA)=MAX(.1*STD(JJ,ISA),STDL(JJ,ISA)-XX)

              XX=F*STDP(JJ,ISA)

              STDP(JJ,ISA)=MAX(1.E-10,STDP(JJ,ISA)-XX)

              FOP(LD1,ISA)=FOP(LD1,ISA)+XX

          END DO

          XX=STDO(ISA)*F

          STDO(ISA)=MAX(1.E-5,STDO(ISA)-XX)

          SUM=SUM+XX

          XX=F*STDON(ISA)

          STDON(ISA)=MAX(1.E-5,STDON(ISA)-XX)

          TOT=TOT+XX

          CALL NCNSTD(SUM,TOT,LD1)

          XX=F*STDOP(ISA)

          STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-XX)

          FOP(LD1,ISA)=FOP(LD1,ISA)+XX

          RRUF(ISA)=RR(JT1)

          IF(EE>1.E-5)TLMF(ISA)=0 !Jaehak to improve wind erosion calculation, 2020

      END IF

      DO I=1,ISM

          TST(I)=0.

      END DO

      XX=0.

      YTP(1)=WLS(LD1,ISA)

      YTP(2)=WLM(LD1,ISA)

      YTP(3)=WLSL(LD1,ISA)

      YTP(4)=WLSC(LD1,ISA)

      YTP(5)=WLMC(LD1,ISA)

      YTP(6)=WLSLC(LD1,ISA)

      YTP(7)=WLSN(LD1,ISA)

      YTP(8)=WLMN(LD1,ISA)

      DO J=1,NBSL(ISA)

          K=LID(J,ISA)

          IF(IBMX>0)EE=WBMX

          UN(K)=ROK(K,ISA)

          ZZ=Z(K,ISA)-XX

          IF(Z(K,ISA)>=DMX)GO TO 8

          IF(NMIX==0)THEN

              BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*EE

              CLA(K,ISA)=CLA(K,ISA)*ZZ

              SIL(K,ISA)=SIL(K,ISA)*ZZ

              ROK(K,ISA)=ROK(K,ISA)*ZZ

          END IF

          PMA=WPMA(K,ISA)+WPML(K,ISA)

          DUM(K)=PSP(K,ISA)*PMA

          UP(K)=PMA-DUM(K)

          TST(1)=EAJL(WNO3(K,ISA),EE)+TST(1)

          TST(2)=EAJL(WHPN(K,ISA),EE)+TST(2)

          TST(3)=EAJL(WHSN(K,ISA),EE)+TST(3)

          TST(4)=EAJL(WBMN(K,ISA),EE)+TST(4)

          TST(5)=EAJL(WLSN(K,ISA),EE)+TST(5)

          TST(6)=EAJL(WLMN(K,ISA),EE)+TST(6)

          TST(7)=EAJL(WHPC(K,ISA),EE)+TST(7)

          TST(8)=EAJL(WHSC(K,ISA),EE)+TST(8)

          TST(9)=EAJL(WBMC(K,ISA),EE)+TST(9)

          TST(14)=EAJL(WLS(K,ISA),EE)+TST(14)

          TST(15)=EAJL(WLM(K,ISA),EE)+TST(15)

          TST(16)=EAJL(WLSL(K,ISA),EE)+TST(16)

          TST(10)=EAJL(WLSC(K,ISA),EE)+TST(10)

          TST(11)=EAJL(WLMC(K,ISA),EE)+TST(11)

          TST(12)=EAJL(WLSLC(K,ISA),EE)+TST(12)

          IF(J==1)THEN

              YTP(1)=WLS(LD1,ISA)

              YTP(2)=WLM(LD1,ISA)

              YTP(3)=WLSL(LD1,ISA)

              YTP(4)=WLSC(LD1,ISA)

              YTP(5)=WLMC(LD1,ISA)

              YTP(6)=WLSLC(LD1,ISA)

              YTP(7)=WLSN(LD1,ISA)

              YTP(8)=WLMN(LD1,ISA)

          END IF

          TST(17)=EAJL(WPO(K,ISA),EE)+TST(17)

          TST(19)=EAJL(WPMA(K,ISA),EE)+TST(19)

          TST(20)=EAJL(WPOU(K,ISA),EE)+TST(20)

          TST(21)=EAJL(FOP(K,ISA),EE)+TST(21)

          TST(22)=EAJL(WPMS(K,ISA),EE)+TST(22)

          IF(NMIX==0)THEN

              TST(23)=EAJL(CLA(K,ISA),EE)+TST(23)

              TST(24)=EAJL(SIL(K,ISA),EE)+TST(24)

              TST(27)=EAJL(ROK(K,ISA),EE)+TST(27)

          END IF

          TST(25)=EAJL(DUM(K),EE)+TST(25)

          TST(26)=EAJL(UP(K),EE)+TST(26)

          TST(28)=EAJL(WNH3(K,ISA),EE)+TST(28)

          TST(29)=EAJL(WPML(K,ISA),EE)+TST(29)

          TST(30)=EAJL(WNOU(K,ISA),EE)+TST(30)

          TST(31)=EAJL(RSDM(K,ISA),EE)+TST(31)

          TST(32)=EAJL(WCOU(K,ISA),EE)+TST(32)

	      TST(33)=EAJL(WPMU(K,ISA),EE)+TST(33)

	      TST(34)=EAJL(WNMU(K,ISA),EE)+TST(34)

          I1=35

          DO I=1,NDP

              TST(I1)=EAJL(PSTZ(I,K,ISA),EE)+TST(I1)

              I1=I1+1

          END DO

          XX=Z(K,ISA)

      END DO          

      J=NBSL(ISA)

      DMX=Z(LID(NBSL(ISA),ISA),ISA)

      GO TO 10

    8 RTO=(DMX-XX)/ZZ

      RE=RTO*EE

      IF(NMIX==0)THEN

          BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*RE

          CLA(K,ISA)=CLA(K,ISA)*ZZ

          SIL(K,ISA)=SIL(K,ISA)*ZZ

          ROK(K,ISA)=ROK(K,ISA)*ZZ

      END IF

      PMA=WPMA(K,ISA)+WPML(K,ISA)

      DUM(K)=PSP(K,ISA)*PMA

      UP(K)=PMA-DUM(K)

      TST(1)=EAJL(WNO3(K,ISA),RE)+TST(1)

      TST(2)=EAJL(WHPN(K,ISA),RE)+TST(2)

      TST(3)=EAJL(WHSN(K,ISA),RE)+TST(3)

      TST(4)=EAJL(WBMN(K,ISA),RE)+TST(4)

      TST(5)=EAJL(WLSN(K,ISA),RE)+TST(5)

      TST(6)=EAJL(WLMN(K,ISA),RE)+TST(6)

      TST(7)=EAJL(WHPC(K,ISA),RE)+TST(7)

      TST(8)=EAJL(WHSC(K,ISA),RE)+TST(8)

      TST(9)=EAJL(WBMC(K,ISA),RE)+TST(9)

      TST(10)=EAJL(WLSC(K,ISA),RE)+TST(10)

      TST(11)=EAJL(WLMC(K,ISA),RE)+TST(11)

      TST(12)=EAJL(WLSLC(K,ISA),RE)+TST(12)

      TST(14)=EAJL(WLS(K,ISA),RE)+TST(14)

      TST(15)=EAJL(WLM(K,ISA),RE)+TST(15)

      TST(16)=EAJL(WLSL(K,ISA),RE)+TST(16)

      TST(17)=EAJL(WPO(K,ISA),RE)+TST(17)

      TST(19)=EAJL(WPMA(K,ISA),RE)+TST(19)

      TST(20)=EAJL(WPOU(K,ISA),RE)+TST(20)

      TST(21)=EAJL(FOP(K,ISA),RE)+TST(21)

      TST(22)=EAJL(WPMS(K,ISA),RE)+TST(22)

      IF(NMIX==0)THEN

          TST(23)=EAJL(CLA(K,ISA),RE)+TST(23)

          TST(24)=EAJL(SIL(K,ISA),RE)+TST(24)

          TST(27)=EAJL(ROK(K,ISA),RE)+TST(27)

      END IF

      TST(25)=EAJL(DUM(K),RE)+TST(25)

      TST(26)=EAJL(UP(K),RE)+TST(26)

      TST(28)=EAJL(WNH3(K,ISA),RE)+TST(28)

      TST(29)=EAJL(WPML(K,ISA),RE)+TST(29)

      TST(30)=EAJL(WNOU(K,ISA),RE)+TST(30)

      TST(31)=EAJL(RSDM(K,ISA),RE)+TST(31)

      TST(32)=EAJL(WCOU(K,ISA),RE)+TST(32)

	  TST(33)=EAJL(WPMU(K,ISA),RE)+TST(33)

	  TST(34)=EAJL(WNMU(K,ISA),RE)+TST(34)

      I1=35

      DO I=1,NDP

          TST(I1)=EAJL(PSTZ(I,K,ISA),RE)+TST(I1)

          I1=I1+1

      END DO

   10 K1=J-1

      DO I=1,ISM

          TST(I)=TST(I)/DMX

      END DO

      XX=0.

      DO J=1,K1

          ISL=LID(J,ISA)

          ZZ=Z(ISL,ISA)-XX

          RT1=MIN(1.,WCMU(ISL,ISA)/WBMC(ISL,ISA))

          WNO3(ISL,ISA)=TST(1)*ZZ+WNO3(ISL,ISA)

          WHPN(ISL,ISA)=TST(2)*ZZ+WHPN(ISL,ISA)

          WHSN(ISL,ISA)=TST(3)*ZZ+WHSN(ISL,ISA)

          WBMN(ISL,ISA)=TST(4)*ZZ+WBMN(ISL,ISA)

          WLSN(ISL,ISA)=TST(5)*ZZ+WLSN(ISL,ISA)

          WLMN(ISL,ISA)=TST(6)*ZZ+WLMN(ISL,ISA)

          WHPC(ISL,ISA)=TST(7)*ZZ+WHPC(ISL,ISA)

          WHSC(ISL,ISA)=TST(8)*ZZ+WHSC(ISL,ISA)

          WBMC(ISL,ISA)=TST(9)*ZZ+WBMC(ISL,ISA)

          WLSC(ISL,ISA)=TST(10)*ZZ+WLSC(ISL,ISA)

          WLMC(ISL,ISA)=TST(11)*ZZ+WLMC(ISL,ISA)

          WLSLC(ISL,ISA)=TST(12)*ZZ+WLSLC(ISL,ISA)

          WLS(ISL,ISA)=TST(14)*ZZ+WLS(ISL,ISA)

          WLM(ISL,ISA)=TST(15)*ZZ+WLM(ISL,ISA)

          WLSL(ISL,ISA)=TST(16)*ZZ+WLSL(ISL,ISA)

          IF(J==1)THEN

              IF(DMX>.01)THEN

                  IF(WLS(ISL,ISA)>YTP(1))CALL TMXL1(DMX,TST(14),WLS(ISL,ISA),&

                  YTP(1),YTP(1))

                  IF(WLM(ISL,ISA)>YTP(2))CALL TMXL1(DMX,TST(15),WLM(ISL,ISA),&

                  YTP(2),YTP(2))

                  IF(WLSL(ISL,ISA)>YTP(3))CALL TMXL1(DMX,TST(16),WLSL(ISL,ISA),&

                  YTP(3),YTP(3))

                  IF(WLSC(ISL,ISA)>YTP(4))CALL TMXL1(DMX,TST(10),WLSC(ISL,ISA),&

                  YTP(4),YTP(4))

                  IF(WLMC(ISL,ISA)>YTP(5))CALL TMXL1(DMX,TST(11),WLMC(ISL,ISA),&

                  YTP(5),YTP(5))

                  IF(WLSLC(ISL,ISA)>YTP(6))CALL TMXL1(DMX,TST(12),WLSLC(ISL,ISA),&

                  YTP(6),YTP(6))

                  IF(WLSN(ISL,ISA)>YTP(7))CALL TMXL1(DMX,TST(5),WLSN(ISL,ISA),&

                  YTP(7),YTP(7))

                  IF(WLMN(ISL,ISA)>YTP(8))CALL TMXL1(DMX,TST(6),WLMN(ISL,ISA),&

                  YTP(8),YTP(8))

              END IF

          END IF

          WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

          RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

          WPO(ISL,ISA)=TST(17)*ZZ+WPO(ISL,ISA)

          WPMA(ISL,ISA)=TST(19)*ZZ+WPMA(ISL,ISA)

          WPOU(ISL,ISA)=TST(20)*ZZ+WPOU(ISL,ISA)

          FOP(ISL,ISA)=TST(21)*ZZ+FOP(ISL,ISA)

          WPMS(ISL,ISA)=TST(22)*ZZ+WPMS(ISL,ISA)

          DUM(ISL)=TST(25)*ZZ+DUM(ISL)

          UP(ISL)=TST(26)*ZZ+UP(ISL)

          IF(NMIX==0)THEN

              ROK(ISL,ISA)=TST(27)+ROK(ISL,ISA)/ZZ

              CLA(ISL,ISA)=TST(23)+CLA(ISL,ISA)/ZZ

              SIL(ISL,ISA)=TST(24)+SIL(ISL,ISA)/ZZ

          END IF

          WNH3(ISL,ISA)=TST(28)*ZZ+WNH3(ISL,ISA)

          WPML(ISL,ISA)=TST(29)*ZZ+WPML(ISL,ISA)

	      WNOU(ISL,ISA)=TST(30)*ZZ+WNOU(ISL,ISA)

          RSDM(ISL,ISA)=TST(31)*ZZ+RSDM(ISL,ISA)

          WCOU(ISL,ISA)=TST(32)*ZZ+WCOU(ISL,ISA)

	      WPMU(ISL,ISA)=TST(33)*ZZ+WPMU(ISL,ISA)

	      WNMU(ISL,ISA)=TST(34)*ZZ+WNMU(ISL,ISA)

          I1=35

          DO I=1,NDP

              PSTZ(I,ISL,ISA)=TST(I1)*ZZ+PSTZ(I,ISL,ISA)

              I1=I1+1

          END DO

          PSP(ISL,ISA)=DUM(ISL)/(UP(ISL)+DUM(ISL))

          RX=MIN(1.,(100.-ROK(ISL,ISA))/(100.-UN(ISL)))

          FC(ISL,ISA)=FC(ISL,ISA)*RX

          S15(ISL,ISA)=S15(ISL,ISA)*RX

          PO(ISL,ISA)=PO(ISL,ISA)*RX

          CALL SPOFC(ISL)

          SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

          WT(ISL,ISA)=BD(ISL,ISA)*ZZ*1.E4

          WCMU(ISL,ISA)=MAX(1.E-5,WBMC(ISL,ISA)*RT1)

          XX=Z(ISL,ISA)

      END DO          

      XX=DMX-Z(LID(K1,ISA),ISA)

      RT1=MIN(1.,WCMU(K,ISA)/WBMC(K,ISA))

      WNO3(K,ISA)=WNO3(K,ISA)+TST(1)*XX

      WHPN(K,ISA)=WHPN(K,ISA)+TST(2)*XX

      WHSN(K,ISA)=WHSN(K,ISA)+TST(3)*XX

      WBMN(K,ISA)=WBMN(K,ISA)+TST(4)*XX

      WLSN(K,ISA)=WLSN(K,ISA)+TST(5)*XX

      WLMN(K,ISA)=WLMN(K,ISA)+TST(6)*XX

      WHPC(K,ISA)=WHPC(K,ISA)+TST(7)*XX

      WHSC(K,ISA)=WHSC(K,ISA)+TST(8)*XX

      WBMC(K,ISA)=WBMC(K,ISA)+TST(9)*XX

      WLSC(K,ISA)=WLSC(K,ISA)+TST(10)*XX

      WLMC(K,ISA)=WLMC(K,ISA)+TST(11)*XX

      WLSLC(K,ISA)=WLSLC(K,ISA)+TST(12)*XX

      WLS(K,ISA)=WLS(K,ISA)+TST(14)*XX

      WLM(K,ISA)=WLM(K,ISA)+TST(15)*XX

      WLSL(K,ISA)=WLSL(K,ISA)+TST(16)*XX

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WPO(K,ISA)=WPO(K,ISA)+TST(17)*XX

      WPMA(K,ISA)=WPMA(K,ISA)+TST(19)*XX

      WPOU(K,ISA)=WPOU(K,ISA)+TST(20)*XX

      FOP(K,ISA)=FOP(K,ISA)+TST(21)*XX

      WPMS(K,ISA)=WPMS(K,ISA)+TST(22)*XX

      DUM(K)=DUM(K)+TST(25)*XX

      UP(K)=UP(K)+TST(26)*XX

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)+TST(27)*XX

          CLA(K,ISA)=CLA(K,ISA)+TST(23)*XX

          SIL(K,ISA)=SIL(K,ISA)+TST(24)*XX

      END IF

      WNH3(K,ISA)=WNH3(K,ISA)+TST(28)*XX

      WCMU(K,ISA)=MAX(1.E-5,WBMC(K,ISA)*RT1)

      WPML(K,ISA)=WPML(K,ISA)+TST(29)*XX

	  WNOU(K,ISA)=WNOU(K,ISA)+TST(30)*XX

      RSDM(K,ISA)=RSDM(K,ISA)+TST(31)*XX

      WCOU(K,ISA)=WCOU(K,ISA)+TST(32)*XX

	  WPMU(K,ISA)=WPMU(K,ISA)+TST(33)*XX

	  WNMU(K,ISA)=WNMU(K,ISA)+TST(34)*XX

      I1=35

      DO I=1,NDP

          PSTZ(I,K,ISA)=PSTZ(I,K,ISA)+TST(I1)*XX

          I1=I1+1

      END DO

      PSP(K,ISA)=DUM(K)/(UP(K)+DUM(K))

      ZZ=Z(K,ISA)-Z(LID(K1,ISA),ISA)

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)/ZZ

          CLA(K,ISA)=CLA(K,ISA)/ZZ

          SIL(K,ISA)=SIL(K,ISA)/ZZ

      END IF

      IF(UN(K)>0.)THEN

          RX=MIN(1.,(100.-ROK(K,ISA))/(100.-UN(K)))

          FC(K,ISA)=FC(K,ISA)*RX

          S15(K,ISA)=S15(K,ISA)*RX

          PO(K,ISA)=PO(K,ISA)*RX

          CALL SPOFC(K)

      END IF

      SAN(K,ISA)=100.-CLA(K,ISA)-SIL(K,ISA)

      WT(K,ISA)=BD(K,ISA)*ZZ*1.E4

      !XTX=0.

      !DO I=1,NBSL(ISA)

          !ISL=LID(I,ISA)

          !XTX(1)=XTX(1)+WPML(ISL,ISA)

          !XTX(2)=XTX(2)+WPO(ISL,ISA)

          !XTX(3)=XTX(3)+FOP(ISL,ISA)

          !XTX(4)=XTX(4)+WPOU(ISL,ISA)

          !XTX(5)=XTX(5)+WPMU(ISL,ISA)

          !XTX(6)=XTX(6)+WPMA(ISL,ISA)

          !XTX(7)=XTX(7)+WPMS(ISL,ISA)

          !XTX(8)=XTX(8)+WNOU(ISL,ISA)

      !END DO

      !XTX(3)=XTX(3)+STDOP(ISA)+STDP(JJK,ISA)+UP1(JJK,ISA)

      !DO I=1,8

          !DF=XTZ(I)-XTX(I)

          !IF(ABS(DF)>.001)WRITE(KW(1),'(A,4I4,20E16.6)')'#####',IY,MO,KDA,I,XTZ(I),XTX(I),DF

      !END DO

!     IF(EE<.9)RETURN

!     LD2=LID(2,ISA)

!     RSDM(LD2,ISA)=RSDM(LD2,ISA)+RSDM(LD1,ISA)

!     RSDM(LD1,ISA)=1.E-5

!     X1=STL(JJK,ISA)+STD(JJK,ISA)+STDO(ISA)

!     DM(JJK,ISA)=DM(JJK,ISA)-STL(JJK,ISA)

!     XX=STL(JJK,ISA)/(DM(JJK,ISA)+1.E-10)

!     X2=XX*UN1(JJK,ISA)

!     X3=XX*UP1(JJK,ISA)

!     X4=STDN(JJK,ISA)+STDON(ISA)+X2

!     CALL NCNSTD(X1,X4,LD1)

!     WLMN(LD2,ISA)=WLMN(LD2,ISA)+WLMN(LD1,ISA)

!     WLMN(LD1,ISA)=1.E-5

!     WLSN(LD2,ISA)=WLSN(LD2,ISA)+WLSN(LD1,ISA)

!     WLSN(LD1,ISA)=1.E-5

!     WLS(LD2,ISA)=WLS(LD2,ISA)+WLS(LD1,ISA)

!     WLS(LD1,ISA)=1.E-5

!     WLM(LD2,ISA)=WLM(LD2,ISA)+WLM(LD1,ISA)

!     WLM(LD1,ISA)=1.E-5

!     WLSL(LD2,ISA)=WLSL(LD2,ISA)+WLSL(LD1,ISA)

!     WLSL(LD1,ISA)=1.E-5

!     WLSC(LD2,ISA)=WLSC(LD2,ISA)+WLSC(LD1,ISA)

!     WLSC(LD1,ISA)=1.E-5

!     WLMC(LD2,ISA)=WLMC(LD2,ISA)+WLMC(LD1,ISA)

!     WLMC(LD1,ISA)=1.E-5

!     WLSLC(LD2,ISA)=WLSLC(LD2,ISA)+WLSLC(LD1,ISA)

!     WLSLC(LD1,ISA)=1.E-5

!     WLSLNC(LD2,ISA)=WLSLNC(LD2,ISA)+WLSLNC(LD1,ISA)

!     WLSLNC(LD1,ISA)=1.E-5

!     WNO3(LD2,ISA)=WNO3(LD2,ISA)+WNO3(LD1,ISA)

!     WNO3(LD1,ISA)=1.E-5

!     WNH3(LD2,ISA)=WNH3(LD2,ISA)+WNH3(LD1,ISA)

!     WNH3(LD1,ISA)=1.E-5

!     WCMU(LD2,ISA)=WCMU(LD2,ISA)+WCMU(LD1,ISA)

!     WCMU(LD1,ISA)=1.E-5

!     WNMU(LD2,ISA)=WNMU(LD2,ISA)+WNMU(LD1,ISA)

!     WNMU(LD1,ISA)=1.E-5

!     WPMA(LD2,ISA)=WPMA(LD2,ISA)+WPMA(LD1,ISA)

!     WPMA(LD1,ISA)=1.E-5

!     STL(JJK,ISA)=0.

!     STDO(ISA)=0.

!     STD(JJK,ISA)=0.

!     STDN(JJK,ISA)=0.

!     STDON(ISA)=0.

!     STDL(JJK,ISA)=0.

!     STDP(JJK,ISA)=0.

!     STDOP(ISA)=0.

!     UN1(JJK,ISA)=MAX(1.E-5,UN1(JJK,ISA)-X2)

!     UP1(JJK,ISA)=UP1(JJK,ISA)-X3

!     DM(JJK,ISA)=DM(JJK,ISA)-STL(JJK,ISA)

!     STDO(ISA)=0.

!     STL(JJK,ISA)=0.

!     STD(JJK,ISA)=0.

!     X1=STL(JJK,ISA)/(DM(JJK,ISA)+1.E-10)

!     X2=X1*UN1(JJK,ISA)

!     X3=X1*UP1(JJK,ISA)

!     WNOU(LD2,ISA)=WNOU(LD2,ISA)+WNOU(LD1,ISA)

!     WNOU(LD1,ISA)=1.E-5

!     WCOU(LD2,ISA)=WCOU(LD2,ISA)+WCOU(LD1,ISA)

!     WCOU(LD1,ISA)=1.E-5

!     STDN(JJK,ISA)=0.

!     STDON(ISA)=0.

!     FOP(LD2,ISA)=FOP(LD2,ISA)+FOP(LD1,ISA)+STDP(JJK,ISA)+STDOP(ISA)+X3

!     FOP(LD1,ISA)=1.E-5

!     WPOU(LD2,ISA)=WPOU(LD2,ISA)+WPOU(LD1,ISA)

!     WPOU(LD1,ISA)=1.E-5

!     WPML(LD2,ISA)=WPML(LD2,ISA)+WPML(LD1,ISA)

!     WPML(LD1,ISA)=1.E-5

!     WPMU(LD2,ISA)=WPMU(LD2,ISA)+WPMU(LD1,ISA)

!     WPMU(LD1,ISA)=1.E-5

!     STDP(JJK,ISA)=0.

!     STDOP(ISA)=0.

!     UN1(JJK,ISA)=MAX(1.E-5,UN1(JJK,ISA)-X2)

!     UP1(JJK,ISA)=UP1(JJK,ISA)-X3

      !IF(IYR==1972.AND.MO==10.AND.KDA==13)THEN

          !WRITE(KW(1),'(5X,10E16.6)')XTZ,AD1

          !XTZ=0.

          !DO ISL=1,NBSL(ISA)

              !XTZ(1)=XTZ(1)+WNO3(ISL,ISA)

              !XTZ(2)=XTZ(2)+WNH3(ISL,ISA)

              !XTZ(3)=XTZ(3)+WLSN(ISL,ISA)

              !XTZ(4)=XTZ(4)+WLMN(ISL,ISA)

              !XTZ(5)=XTZ(5)+WBMN(ISL,ISA)

              !XTZ(6)=XTZ(6)+WHSN(ISL,ISA)

              !XTZ(7)=XTZ(7)+WHPN(ISL,ISA)

              !XTZ(8)=XTZ(8)+WNMU(ISL,ISA)

              !XTZ(9)=XTZ(9)+WNOU(ISL,ISA)

          !END DO

          !AD2=XTZ(1)+XTZ(2)+XTZ(3)+XTZ(4)+XTZ(5)+XTZ(6)+XTZ(7)+XTZ(8)+XTZ(9)

          !WRITE(KW(1),'(5X,10E16.6)')XTZ,AD2

          !DF=AD1+TOT-AD2

          !IF(ABS(DF)>.1)WRITE(KW(1),'(A,3I4,20E16.6)')'#####',IY,MO,KDA,&

          !AD1,TOT,AD2,DF

      !END IF        

      RETURN

      END






src/TMIX_FLOODED.f90

      SUBROUTINE TMIX_FLOODED(EE,DMX,NMIX,JNT)

!     APEX0806

!     THIS SUBPROGRAM MIXES N,AND P WITHIN THE PLOW DEPTH ACCORDING TO THE MIXING EFFICIENCY OF THE IMPLEMENT, 

!     CALCULATES THE CHANGE IN BULK DENSITY, AND INCREASE SEDIMENT CONCENTRAION IN THE PONDING WATER



      USE PARM 

      DIMENSION TST(100),DUM(MSL),YTP(8)



      !PADDY_STO(1,ISA) Water storage volume, mm

      !PADDY_STO(2,ISA) Sediment storage, t/ha

      !PADDY_STO(3,ISA) Min N storage, kg/ha

      !PADDY_STO(4,ISA) Min P storage, kg/ha

      !PADDY_STO(5,ISA) Org N storage, kg/ha

      !PADDY_STO(6,ISA) Org P storage, kg/ha

      !PADDY_STO(7,ISA) Ammonia N storage, kg/ha



      !Assume 10,000 mg/l sediment concentration after plowing (sort of mud...)

      !which is equivalent to 100 kg/ha-mm sediment.

      

      ISM=NDP+34

      LD1=LID(1,ISA)

      II=IHC(JT1)

      IF(Z(LD1,ISA)>=DMX)RETURN

      RCF(ISA)=1.

      TLMF(ISA)=0.

      DO I=1,ISM

          TST(I)=0.

      END DO

      XX=0.

      YTP(1)=WLS(LD1,ISA)

      YTP(2)=WLM(LD1,ISA)

      YTP(3)=WLSL(LD1,ISA)

      YTP(4)=WLSC(LD1,ISA)

      YTP(5)=WLMC(LD1,ISA)

      YTP(6)=WLSLC(LD1,ISA)

      YTP(7)=WLSN(LD1,ISA)

      YTP(8)=WLMN(LD1,ISA)

      

      !Sediment concentration increase due to web ploughing

      PADDY_STO(2,ISA) = PADDY_STO(1,ISA) * 100. ! 10,000 mg/l 

      

      TST(1) = EAJL(PADDY_STO(3,ISA),EE) !soluble N

      TST(29) = EAJL(PADDY_STO(4,ISA),EE) !mineral P

      TST(17) = EAJL(PADDY_STO(6,ISA),EE) !organic P

      TST(18) = EAJL(PADDY_STO(7,ISA),EE) !organic N

      

      DO J=1,NBSL(ISA)

         K=LID(J,ISA)

         UN(K)=ROK(K,ISA)

         ZZ=Z(K,ISA)-XX

          

         IF(Z(K,ISA)>=DMX)THEN 

            RTO=(DMX-XX)/ZZ

            RE=RTO*EE

            IF(NMIX==0)THEN

                  BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*RE

                  CLA(K,ISA)=CLA(K,ISA)*ZZ

                  SIL(K,ISA)=SIL(K,ISA)*ZZ

                  ROK(K,ISA)=ROK(K,ISA)*ZZ

            END IF

            PMA=WPMA(K,ISA)+WPML(K,ISA)

            DUM(K)=PSP(K,ISA)*PMA

            UP(K)=PMA-DUM(K)

            TST(1)=EAJL(WNO3(K,ISA),RE)+TST(1)

            !     TST(2)=EAJL(WHPN(K,ISA),RE)+TST(2)

            !     TST(3)=EAJL(WHSN(K,ISA),RE)+TST(3)

            TST(4)=EAJL(WBMN(K,ISA),RE)+TST(4)

            TST(5)=EAJL(WLSN(K,ISA),RE)+TST(5)

            TST(6)=EAJL(WLMN(K,ISA),RE)+TST(6)

            !     TST(7)=EAJL(WHPC(K,ISA),RE)+TST(7)

            !     TST(8)=EAJL(WHSC(K,ISA),RE)+TST(8)

            TST(9)=EAJL(WBMC(K,ISA),RE)+TST(9)

            TST(10)=EAJL(WLSC(K,ISA),RE)+TST(10)

            TST(11)=EAJL(WLMC(K,ISA),RE)+TST(11)

            TST(12)=EAJL(WLSLC(K,ISA),RE)+TST(12)

            TST(14)=EAJL(WLS(K,ISA),RE)+TST(14)

            TST(15)=EAJL(WLM(K,ISA),RE)+TST(15)

            TST(16)=EAJL(WLSL(K,ISA),RE)+TST(16)

            TST(17)=EAJL(WPO(K,ISA),RE)+TST(17)

            TST(18)=EAJL(WON(K,ISA),EE)+TST(18) ! Jaehak 2014

            TST(19)=EAJL(WPMA(K,ISA),RE)+TST(19)

            TST(20)=EAJL(WPOU(K,ISA),RE)+TST(20)

            TST(21)=EAJL(FOP(K,ISA),RE)+TST(21)

            TST(22)=EAJL(WPMS(K,ISA),RE)+TST(22)

            IF(NMIX==0)THEN

                  TST(23)=EAJL(CLA(K,ISA),RE)+TST(23)

                  TST(24)=EAJL(SIL(K,ISA),RE)+TST(24)

                  TST(27)=EAJL(ROK(K,ISA),RE)+TST(27)

            END IF

            TST(25)=EAJL(DUM(K),RE)+TST(25)

            TST(26)=EAJL(UP(K),RE)+TST(26)

            TST(28)=EAJL(WNH3(K,ISA),RE)+TST(28)

            TST(29)=EAJL(WPML(K,ISA),RE)+TST(29)

            TST(30)=EAJL(WNOU(K,ISA),RE)+TST(30)

            TST(31)=EAJL(RSDM(K,ISA),RE)+TST(31)

            TST(32)=EAJL(WCOU(K,ISA),RE)+TST(32)

            TST(33)=EAJL(WPMU(K,ISA),RE)+TST(33)

            TST(34)=EAJL(WNMU(K,ISA),RE)+TST(34)

            I1=35

            DO I=1,NDP

                  TST(I1)=EAJL(PSTZ(I,K,ISA),RE)+TST(I1)

                  I1=I1+1

            END DO

            GOTO 10

         ELSE

            IF(NMIX==0)THEN

               BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*EE

               CLA(K,ISA)=CLA(K,ISA)*ZZ

               SIL(K,ISA)=SIL(K,ISA)*ZZ

               ROK(K,ISA)=ROK(K,ISA)*ZZ

            END IF

            PMA=WPMA(K,ISA)+WPML(K,ISA)

            DUM(K)=PSP(K,ISA)*PMA

            UP(K)=PMA-DUM(K)

            TST(1)=EAJL(WNO3(K,ISA),EE)+TST(1)

         !     TST(2)=EAJL(WHPN(K,ISA),EE)+TST(2)

         !     TST(3)=EAJL(WHSN(K,ISA),EE)+TST(3)

            TST(4)=EAJL(WBMN(K,ISA),EE)+TST(4)

            TST(5)=EAJL(WLSN(K,ISA),EE)+TST(5)

            TST(6)=EAJL(WLMN(K,ISA),EE)+TST(6)

         !     TST(7)=EAJL(WHPC(K,ISA),EE)+TST(7)

         !     TST(8)=EAJL(WHSC(K,ISA),EE)+TST(8)

            TST(9)=EAJL(WBMC(K,ISA),EE)+TST(9)

            TST(14)=EAJL(WLS(K,ISA),EE)+TST(14)

            TST(15)=EAJL(WLM(K,ISA),EE)+TST(15)

            TST(16)=EAJL(WLSL(K,ISA),EE)+TST(16)

            TST(10)=EAJL(WLSC(K,ISA),EE)+TST(10)

            TST(11)=EAJL(WLMC(K,ISA),EE)+TST(11)

            TST(12)=EAJL(WLSLC(K,ISA),EE)+TST(12)

            TST(17)=EAJL(WPO(K,ISA),EE)+TST(17)

            TST(18)=EAJL(WON(K,ISA),EE)+TST(18) ! Jaehak 2014

            TST(19)=EAJL(WPMA(K,ISA),EE)+TST(19)

            TST(20)=EAJL(WPOU(K,ISA),EE)+TST(20)

            TST(21)=EAJL(FOP(K,ISA),EE)+TST(21)

            TST(22)=EAJL(WPMS(K,ISA),EE)+TST(22)

            IF(NMIX==0)THEN

               TST(23)=EAJL(CLA(K,ISA),EE)+TST(23)

               TST(24)=EAJL(SIL(K,ISA),EE)+TST(24)

               TST(27)=EAJL(ROK(K,ISA),EE)+TST(27)

            END IF

            TST(25)=EAJL(DUM(K),EE)+TST(25)

            TST(26)=EAJL(UP(K),EE)+TST(26)

            TST(28)=EAJL(WNH3(K,ISA),EE)+TST(28)

            TST(29)=EAJL(WPML(K,ISA),EE)+TST(29)

            TST(30)=EAJL(WNOU(K,ISA),EE)+TST(30)

            TST(31)=EAJL(RSDM(K,ISA),EE)+TST(31)

            TST(32)=EAJL(WCOU(K,ISA),EE)+TST(32)

            TST(33)=EAJL(WPMU(K,ISA),EE)+TST(33)

            TST(34)=EAJL(WNMU(K,ISA),EE)+TST(34)

            I1=35

            DO I=1,NDP

               TST(I1)=EAJL(PSTZ(I,K,ISA),EE)+TST(I1)

               I1=I1+1

            END DO

            XX=Z(K,ISA)

         ENDIF

      END DO          

      J=NBSL(ISA)

      DMX=Z(LID(NBSL(ISA),ISA),ISA)



10    K1=J-1

      ZZ = PADDY_STO(1,ISA) / 1000.

      DO I=1,ISM

          TST(I)=TST(I)/(DMX+ZZ)

      END DO

      

      !Update nutrient concentration in the ponding water

      PADDY_STO(3,ISA) = TST(1)*ZZ + PADDY_STO(3,ISA) !mineral N

      PADDY_STO(4,ISA) = TST(29)*ZZ + PADDY_STO(4,ISA) !mineral P

      PADDY_STO(6,ISA) = TST(17)*ZZ + PADDY_STO(6,ISA) !organic P

      PADDY_STO(7,ISA) = TST(18)*ZZ + PADDY_STO(7,ISA) !organic N

      

      XX=0.

      DO J=1,K1

         ISL=LID(J,ISA)

         ZZ=Z(ISL,ISA)-XX

         RT1=MIN(1.,WCMU(ISL,ISA)/WBMC(ISL,ISA))

         WNO3(ISL,ISA)=TST(1)*ZZ+WNO3(ISL,ISA)

         !     WHPN(ISL,ISA)=TST(2)*ZZ+WHPN(ISL,ISA)

         !     WHSN(ISL,ISA)=TST(3)*ZZ+WHSN(ISL,ISA)

         WBMN(ISL,ISA)=TST(4)*ZZ+WBMN(ISL,ISA)

         WLSN(ISL,ISA)=TST(5)*ZZ+WLSN(ISL,ISA)

         WLMN(ISL,ISA)=TST(6)*ZZ+WLMN(ISL,ISA)

         !     WHPC(ISL,ISA)=TST(7)*ZZ+WHPC(ISL,ISA)

         !     WHSC(ISL,ISA)=TST(8)*ZZ+WHSC(ISL,ISA)

         WBMC(ISL,ISA)=TST(9)*ZZ+WBMC(ISL,ISA)

         WLSC(ISL,ISA)=TST(10)*ZZ+WLSC(ISL,ISA)

         WLMC(ISL,ISA)=TST(11)*ZZ+WLMC(ISL,ISA)

         WLSLC(ISL,ISA)=TST(12)*ZZ+WLSLC(ISL,ISA)

         WLS(ISL,ISA)=TST(14)*ZZ+WLS(ISL,ISA)

         WLM(ISL,ISA)=TST(15)*ZZ+WLM(ISL,ISA)

         WLSL(ISL,ISA)=TST(16)*ZZ+WLSL(ISL,ISA)

         IF(J==1)THEN

            IF(DMX>.01)THEN

               IF(WLS(ISL,ISA)>YTP(1))CALL TMXL1(DMX,TST(14),WLS(ISL,ISA),&

               &YTP(1),YTP(1))

               IF(WLM(ISL,ISA)>YTP(2))CALL TMXL1(DMX,TST(15),WLM(ISL,ISA),&

               &YTP(2),YTP(2))

               IF(WLSL(ISL,ISA)>YTP(3))CALL TMXL1(DMX,TST(16),WLSL(ISL,ISA),&

               &YTP(3),YTP(3))

               IF(WLSC(ISL,ISA)>YTP(4))CALL TMXL1(DMX,TST(10),WLSC(ISL,ISA),&

               &YTP(4),YTP(4))

               IF(WLMC(ISL,ISA)>YTP(5))CALL TMXL1(DMX,TST(11),WLMC(ISL,ISA),&

               &YTP(5),YTP(5))

               IF(WLSLC(ISL,ISA)>YTP(6))CALL TMXL1(DMX,TST(12),WLSLC(ISL,ISA),&

               &YTP(6),YTP(6))

               IF(WLSN(ISL,ISA)>YTP(7))CALL TMXL1(DMX,TST(5),WLSN(ISL,ISA),&

               &YTP(7),YTP(7))

               IF(WLMN(ISL,ISA)>YTP(8))CALL TMXL1(DMX,TST(6),WLMN(ISL,ISA),&

               &YTP(8),YTP(8))

            END IF

         END IF

         WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

         RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

         WPO(ISL,ISA)=TST(17)*ZZ+WPO(ISL,ISA)

         Won(ISL,ISA)=TST(18)*ZZ+WON(ISL,ISA)

         WPMA(ISL,ISA)=TST(19)*ZZ+WPMA(ISL,ISA)

         WPOU(ISL,ISA)=TST(20)*ZZ+WPOU(ISL,ISA)

         FOP(ISL,ISA)=TST(21)*ZZ+FOP(ISL,ISA)

         WPMS(ISL,ISA)=TST(22)*ZZ+WPMS(ISL,ISA)

         DUM(ISL)=TST(25)*ZZ+DUM(ISL)

         UP(ISL)=TST(26)*ZZ+UP(ISL)

         IF(NMIX==0)THEN

            ROK(ISL,ISA)=TST(27)+ROK(ISL,ISA)/ZZ

            CLA(ISL,ISA)=TST(23)+CLA(ISL,ISA)/ZZ

            SIL(ISL,ISA)=TST(24)+SIL(ISL,ISA)/ZZ

         END IF

         WNH3(ISL,ISA)=TST(28)*ZZ+WNH3(ISL,ISA)

         WPML(ISL,ISA)=TST(29)*ZZ+WPML(ISL,ISA)

         WNOU(ISL,ISA)=TST(30)*ZZ+WNOU(ISL,ISA)

         RSDM(ISL,ISA)=TST(31)*ZZ+RSDM(ISL,ISA)

         WCOU(ISL,ISA)=TST(32)*ZZ+WCOU(ISL,ISA)

         WPMU(ISL,ISA)=TST(33)*ZZ+WPMU(ISL,ISA)

         WNMU(ISL,ISA)=TST(34)*ZZ+WNMU(ISL,ISA)

         I1=35

         DO I=1,NDP

            PSTZ(I,ISL,ISA)=TST(I1)*ZZ+PSTZ(I,ISL,ISA)

            I1=I1+1

         END DO

         PSP(ISL,ISA)=DUM(ISL)/(UP(ISL)+DUM(ISL))

         RX=MIN(1.,(100.-ROK(ISL,ISA))/(100.-UN(ISL)))

         FC(ISL,ISA)=FC(ISL,ISA)*RX

         S15(ISL,ISA)=S15(ISL,ISA)*RX

         PO(ISL,ISA)=PO(ISL,ISA)*RX

         CALL SPOFC(ISL)

         SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

         WT(ISL,ISA)=BD(ISL,ISA)*ZZ*1.E4

         WCMU(ISL,ISA)=MAX(1.E-5,WBMC(ISL,ISA)*RT1)

         XX=Z(ISL,ISA)

      END DO          

      XX=DMX-Z(LID(K1,ISA),ISA)

      RT1=MIN(1.,WCMU(K,ISA)/WBMC(K,ISA))

      WNO3(K,ISA)=WNO3(K,ISA)+TST(1)*XX

!     WHPN(K,ISA)=WHPN(K,ISA)+TST(2)*XX

!     WHSN(K,ISA)=WHSN(K,ISA)+TST(3)*XX

      WBMN(K,ISA)=WBMN(K,ISA)+TST(4)*XX

      WLSN(K,ISA)=WLSN(K,ISA)+TST(5)*XX

      WLMN(K,ISA)=WLMN(K,ISA)+TST(6)*XX

!     WHPC(K,ISA)=WHPC(K,ISA)+TST(7)*XX

!     WHSC(K,ISA)=WHSC(K,ISA)+TST(8)*XX

      WBMC(K,ISA)=WBMC(K,ISA)+TST(9)*XX

      WLSC(K,ISA)=WLSC(K,ISA)+TST(10)*XX

      WLMC(K,ISA)=WLMC(K,ISA)+TST(11)*XX

      WLSLC(K,ISA)=WLSLC(K,ISA)+TST(12)*XX

      WLS(K,ISA)=WLS(K,ISA)+TST(14)*XX

      WLM(K,ISA)=WLM(K,ISA)+TST(15)*XX

      WLSL(K,ISA)=WLSL(K,ISA)+TST(16)*XX

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WPO(K,ISA)=WPO(K,ISA)+TST(17)*XX

      WON(K,ISA)=WON(K,ISA)+TST(18)*XX

      WPMA(K,ISA)=WPMA(K,ISA)+TST(19)*XX

      WPOU(K,ISA)=WPOU(K,ISA)+TST(20)*XX

      FOP(K,ISA)=FOP(K,ISA)+TST(21)*XX

      WPMS(K,ISA)=WPMS(K,ISA)+TST(22)*XX

      DUM(K)=DUM(K)+TST(25)*XX

      UP(K)=UP(K)+TST(26)*XX

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)+TST(27)*XX

          CLA(K,ISA)=CLA(K,ISA)+TST(23)*XX

          SIL(K,ISA)=SIL(K,ISA)+TST(24)*XX

      END IF

      WNH3(K,ISA)=WNH3(K,ISA)+TST(28)*XX

      WCMU(K,ISA)=MAX(1.E-5,WBMC(K,ISA)*RT1)

      WPML(K,ISA)=WPML(K,ISA)+TST(29)*XX

	  WNOU(K,ISA)=WNOU(K,ISA)+TST(30)*XX

      RSDM(K,ISA)=RSDM(K,ISA)+TST(31)*XX

      WCOU(K,ISA)=WCOU(K,ISA)+TST(32)*XX

	  WPMU(K,ISA)=WPMU(K,ISA)+TST(33)*XX

	  WNMU(K,ISA)=WNMU(K,ISA)+TST(34)*XX

      I1=35

      DO I=1,NDP

          PSTZ(I,K,ISA)=PSTZ(I,K,ISA)+TST(I1)*XX

          I1=I1+1

      END DO

      PSP(K,ISA)=DUM(K)/(UP(K)+DUM(K))

      ZZ=Z(K,ISA)-Z(LID(K1,ISA),ISA)

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)/ZZ

          CLA(K,ISA)=CLA(K,ISA)/ZZ

          SIL(K,ISA)=SIL(K,ISA)/ZZ

      END IF

      IF(UN(K)>0.)THEN

          RX=MIN(1.,(100.-ROK(K,ISA))/(100.-UN(K)))

          FC(K,ISA)=FC(K,ISA)*RX

          S15(K,ISA)=S15(K,ISA)*RX

          PO(K,ISA)=PO(K,ISA)*RX

          CALL SPOFC(K)

      END IF

      SAN(K,ISA)=100.-CLA(K,ISA)-SIL(K,ISA)

      WT(K,ISA)=BD(K,ISA)*ZZ*1.E4

      RETURN

      END






src/TMXL1.f90

      SUBROUTINE TMXL1(DMX,T,W,X,Y)

!     THIS SUBPROGRAM PREVENTS TILLAGE FROM INCREASING TOP LAYER CONTENT

!     BY MIXING

      T=(T*DMX-X+Y)/(DMX-.01)

      W=X

      RETURN

      END






src/TRDST.f90

      SUBROUTINE TRDST

!     APEX1905

!     THIS SUBPROGRAM PLACES 10% OF CROP RESIDUE AND ITS N AND P CONTENT

!     IN THE SURFACE LAYER STORAGE WHEN THE CROP IS HARVESTED, CONVERTS

!     ROOT WEIGHT TO RESIDUE, AND ZEROS CROP GROWTH ACCUMULATORS.

      USE PARM 

      !NN=NCP(IRO(ISA),ISA)

      !DO K=1,LC

          !IF(KGO(K,ISA)>0)EXIT

      !END DO          

      STD(JJK,ISA)=STD(JJK,ISA)+STL(JJK,ISA)

      X1=STL(JJK,ISA)+RW(JJK,ISA)

      XX=UN1(JJK,ISA)/X1

      X3=UP1(JJK,ISA)/X1

      STDN(JJK,ISA)=STDN(JJK,ISA)+XX*STL(JJK,ISA)

      STDP(JJK,ISA)=STDP(JJK,ISA)+X3*STL(JJK,ISA)

      STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*STL(JJK,ISA)

      DO KK=1,LRD(ISA)

          K=LID(KK,ISA)

          X1=RWT(K,JJK,ISA)

          X2=X1*XX

          CALL NCNSTD(X1,X2,K)

          FOP(K,ISA)=FOP(K,ISA)+X1*X3

          RWT(K,JJK,ISA)=0.

      END DO

      DM(JJK,ISA)=0.

      STL(JJK,ISA)=0.

      UN1(JJK,ISA)=0.

      UP1(JJK,ISA)=0.

      UK1(JJK,ISA)=0.

      RW(JJK,ISA)=0.

      RD(JJK,ISA)=0.

      CPHT(JJK,ISA)=0.

      AJH1(JJK,ISA)=0.

      X1=TRSD(ISA)+STD(JJK,ISA)

      SRSD(ISA)=SRSD(ISA)+X1

      VIRT(ISA)=0.

      WS(ISA)=1.

      IGO(ISA)=MAX(0,IGO(ISA)-1)

      KGO(JJK,ISA)=0

                     

      HU(JJK,ISA)=0.

      HUI(JJK,ISA)=0.

      HSM(ISA)=0.

      SLAI(JJK,ISA)=0.

      WLV(JJK,ISA)=0.

      WCHT(JJK,ISA)=0.

      IYH(JJK,ISA)=0

      NII(ISA)=IRI(ISA)

      CSTF(JJK,ISA)=COST(ISA)

      COST(ISA)=0.

      IHU(JJK,ISA)=IHU(JJK,ISA)+1

      IF(IHU(JJK,ISA)>NHU(JJK,ISA))IHU(JJK,ISA)=1

      CAW(JJK,ISA)=AWC(JJK,ISA)

      ETG(JJK,ISA)=ACET(JJK,ISA)+ETG(JJK,ISA)

      PSTS(ISA)=0.

      IPST(ISA)=0

      NGD(JJK,ISA)=0

      FGC(ISA)=0.

      FGSL(ISA)=0.

      AJHI(JJK,ISA)=0.

      WRITE(KW(1),1)ISA,NBSA(ISA),IYR,MO,KDA,CPNM(JJK),XHSM(ISA)

      RETURN

    1 FORMAT(1X,2I8,1X,I4,2I2,2X,'KILL',2X,A4,' HUSC = ',F6.2)

      END






src/WDLYSTA.f90

      SUBROUTINE WDLYSTA

!     APEX1501      

!     THIS SUB PROGRAM ASSIGNS EACH SUBAREA A DAILY WEATHER FILE USING

!     IWTH IF GIVEN OR NEAREST STATION TO SUBAREA CENTROID IF IWTH IS

!     NOT GIVEN.  IT ALSO OPENS THE WEATHER FILES.

      USE PARM  

      CHARACTER(20)::ADUM

      IF(IWTH(ISA)==0)THEN

          XX=YCT(ISA)/CLT

          SIN1=SIN(XX)

          COS1=COS(XX)

          D0=1.E20

          DO 

              READ(KR(25),*,IOSTAT=NFL)JJ,ADUM,Y,X

              IF(NFL/=0)EXIT

	          RY=Y/CLT

	          XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XCT(ISA))/CLT)

              D=6378.8*ACOS(XX)

              IF(D>=D0)CYCLE

              D0=D

              IWTH(ISA)=JJ

              FWTH(NDWT)=ADUM

          END DO

      ELSE

          JJ=-1

          DO WHILE(JJ/=IWTH(ISA)) 

              READ(KR(25),*,IOSTAT=NFL)JJ,FWTH(NDWT)

              IF(NFL/=0)THEN

                  WRITE(*,*)'FWTH NO = ',IWTH(ISA),' NOT IN DAILY &

                  WEATHER LIST FILE     SAID = ',NBSA(ISA)

                  STOP

              END IF

	      END DO

	  END IF

      REWIND KR(25) 

	  IF(NDWT/=1)THEN

          DO L=1,MXW

              IF(NBW(L)==IWTH(ISA))GO TO 801

          END DO

      END IF

      MXW=NDWT

      L=MXW!+KND

      NBW(MXW)=IWTH(ISA)

	  IRF(ISA)=NDWT

	  CALL OPENV(KRST(L),FWTH(NDWT),IDIR)

	  IF(KFL(1)>0)WRITE(KW(1),'(T10,A,A80)')'DAILY WEATHER FILE = ',FWTH(NDWT)

      IF(NGN0<=0)THEN

          CALL WREAD(L,2)

      ELSE

          !KK=1 TO CONTINUE WEATHER FILE

          !  =2 TO REWIND WEATHER FILE

          KK=2

          CALL WREAD(L,KK)

      END IF

	  IYR=IYR0

      CALL ALPYR(IYR,NYD,LPYR)

      NDWT=NDWT+1    ! Added to fix bug of wrong weather when multiple subareas are simulated - Luca Doro

      NWTH=MXW

      RETURN

  801 IRF(ISA)=L

      RETURN  

	  END






src/WGN.f90

      SUBROUTINE WGN

!     APEX1501

!     THIS IS THE MASTER WEATHER GENERATING SUBPROGRAM. IT CALCULATES

!     MEAN DAILY MAXIMUM AND MINUMUM AIR TEMPERATURE, SOLAR RADIATION

!     AND RELATIVE HUMIDITY BASED ON WET OR DRY DAY. ALSO CALCULATES THE

!     STANDARD NORMAL DEVIATES.

      USE PARM 

      DIMENSION A(3,3),B(3,3),XX(3),SNDV(3)

      DATA A/.594,.454,-.004,.076,.261,-.037,-.018,-.129,.222/,B/.767,&

      .304,.274,0.,.692,-.33,0.,0.,.873/

      XXX=.5*(OBMX(IWI,MO)-OBMN(IWI,MO))

      III=1

      Z2=WFT(IWI,MO)

      YY=.9*Z2

      TXXM=OBMX(IWI,MO)+XXX*Z2

      RHM=(RH(IWI,MO)-YY)/(1.-YY)

      IF(RHM<.05)RHM=.5*RH(IWI,MO)

      RM=OBSL(IWI,MO)/(1.-.25*Z2)

      IF(RFV0(1)>2.)THEN

          TXXM=TXXM-XXX

          RM=.5*RM

          RHM=RHM*.1+.9

      END IF

      DO I=1,3

          V2=AUNIF(IDG(2))

          SNDV(I)=ADSTN(V1,V2)

          V1=V2

      END DO

      DO I=1,3

          WX(I)=0.

          XX(I)=0.

          DO J=1,3

              WX(I)=WX(I)+B(I,J)*SNDV(J)

              XX(I)=XX(I)+A(I,J)*XIM(J)

          END DO

      END DO        

      DO I=1,3

          WX(I)=WX(I)+XX(I)

          XIM(I)=WX(I)

      END DO

      RETURN

      END






src/WHLRMX.f90

      SUBROUTINE WHLRMX(II)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES DAY LENGTH & MAX SOLAR RADIATION AT THE

!     EARTHS SURFACE.

      USE PARM 

      XI=II

      SD=.4102*SIN((XI-80.25)/PIT)

      CH=-YTN(ISA)*TAN(SD)

      IF(CH>=1.)THEN

          H=0.

      ELSE

          IF(CH<=-1.)THEN

              H=3.1416

          ELSE

              H=ACOS(CH)

          END IF

      END IF  

      DD=1.+.0335*SIN((XI+88.2)/PIT)

      HRLT=7.72*H

      HR1=HRLT-HR0(ISA)

      HR0(ISA)=HRLT

      RAMX=30.*DD*(H*YLS(ISA)*SIN(SD)+YLC(ISA)*COS(SD)*SIN(H))

      RETURN

      END






src/WNDIR.f90

      SUBROUTINE WNDIR

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY WIND DIRECTION.

      USE PARM 

      FX=AUNIF(IDG(6))

      DO J=1,16

          J1=J-1

          IF(DIR(MO,J)>FX)GO TO 3

      END DO

      J=16

    3 IF(J==1)THEN

          G=FX/DIR(MO,J)

      ELSE

          G=(FX-DIR(MO,J1))/(DIR(MO,J)-DIR(MO,J1))

      END IF

      XJ1=J1

      THW=PI2*(G+XJ1-.5)/16.

      IF(THW<0.)THW=PI2+THW

      RETURN

      END






src/WNSPD.f90

      SUBROUTINE WNSPD

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MEAN DAILY WIND SPEED @ 10 M HEIGHT.

      USE PARM 

      V6=AUNIF(IDG(5))

      IF(V6<0.0001)V6=0.003                          ! SU  

      U10(1)=UAVM(MO)*(-LOG(V6))**UXP

      RETURN

      END






src/WRAIN.f90

      FUNCTION WRAIN(R6,X,RST,IWI,MO)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES DAILY PRECIPITATION AMOUNT FROM SKEWED

!     NORMAL DISTRIBUTION.

      DIMENSION RST(3,10,12)

      XLV=(X-R6)*R6+1.

      XLV=(XLV**3-1.)*2./RST(3,IWI,MO)

      WRAIN=XLV*RST(2,IWI,MO)+RST(1,IWI,MO)

      IF(WRAIN<.01)WRAIN=.01

      RETURN

      END






src/WREAD.f90

      SUBROUTINE WREAD(IU,KK)

!     APEX1501

!     THIS SUBPROGRAM READS THE DAILY WEATHER FILE TO THE DAY BEFORE THE

!     SIMULATION BEGINS.

      USE PARM 

      DIMENSION MOFD(12)

      DATA MOFD/31,29,31,30,31,30,31,31,30,31,30,31/

      IF(KK==3)THEN

          READ(KRST(IU),*)JDA,I3

          MO=1

          CALL AXMON

		  CALL AICL

		  I1=KDA

		  I2=MO

	  ELSE

	 	  READ(KRST(IU),2)I3,I2,I1,(XTP(L),L=1,5)

	  END IF

      J3=10000*I3

      J1=100*I2+J3

      II=I1+J1

      K1=I2

	  IF(KK==1)THEN

	      IF(II<IBDT)GO TO 9

          WRITE(KW(36),5)IBDT,II,FWTH(NDWT)

          IBDT=II

	      IYR0=I3

	      GO TO 9

	  END IF

      IF(II==IBDT)GO TO 9

      DO

	      CALL ALPYR(I3,NYD,LPYR)

          DO I2=K1,12

              N1=MOFD(I2)

              IF(I2==2)N1=N1-NYD

              J2=100*I2

              J1=J2+J3

              DO WHILE(I1<N1)

                  I1=I1+1

                  II=J1+I1

                  IF(II==IBDT)RETURN

                  READ(KRST(IU),'()',IOSTAT=NFL)

                  IF(NFL/=0)THEN

                      IF(KK==3)THEN

                          WRITE(KW(1),*)'START DATE EXCEEDS PSO FILE'

                          RETURN

                      ELSE    

                          WRITE(KW(1),*)'START DATE EXCEEDS WTH FILE--&

                          WEATHER GENERATED'

                          NGN=-1

                          KGN=0

                          RETURN

                      END IF    

                  END IF

              END DO

              I1=0

          END DO

          K1=1

          I2=1

          I3=I3+1

          J3=10000*I3

      END DO

    9 REWIND KRST(IU)

      RETURN

    1 FORMAT(14X,7F6.0)

    2 FORMAT(2X,3I4,6F6.0)

    5 FORMAT(T10,'BEGINNING DATE CHANGED FROM',I10,' TO',I10,1X,A80)       

      END






src/WRLHUM.f90

      SUBROUTINE WRLHUM(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY RELATIVE HUMIDITY FROM TRIANGULAR

!     DISTRIBUTION.

      USE PARM 

      Q1=RHM-1.

      UPLM=RHM-Q1*EXP(Q1)

      BLM=RHM*(1.-EXP(-RHM))

      RHD(I)=ATRI(BLM,RHM,UPLM,7)

      RETURN

      END






src/WRWD.f90

      SUBROUTINE WRWD(I,JNT)

!     APEX1501

!     THIS SUBPROGRAM DETERMINES RAINFALL OCCURENCE AND AMOUNT.

!     AMOUNT IS ESTIMATED BY CALLING SUBPROGRAM WRAIN OR FROM A

!     MODIFIED EXPONENTIAL DISTRIBUTION.

      USE PARM 

      IF(JNT==0)THEN

          RN=1.-AUNIF(IDG(1))

          IF(RN>PRW(LW,IWI,MO)+.001)THEN

              RFV0(I)=0.

              LW=1

              RETURN

          END IF

      END IF

      V4=AUNIF(IDG(3))

      IF(ICDP==0)THEN

          R6=RST(3,IWI,MO)/6.

          ZZ=ADSTN(V3,V4)

          RFV0(I)=WRAIN(R6,ZZ,RST,IWI,MO)*PCF(IWI,MO)

          V3=V4

      ELSE

          RFV0(I)=RST(1,IWI,MO)*(-LOG(V4))**EXPK

      END IF

      LW=2

      RETURN

      END






src/WSOLRA.f90

      SUBROUTINE WSOLRA(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY SOLAR RADIATION FROM A NORMAL

!     DISTRIBUTION.

      USE PARM 

      RX=RAMX-RM

      SRAD(I)=RM+WX(3)*RX/4.

      IF(SRAD(I)<=0.)SRAD(I)=.05*RAMX

      RETURN

      END








src/WTAIR.f90

      SUBROUTINE WTAIR(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MAXIMUM & MINIMUM DAILY AIR TEMPERATURE

!     FROM A NORMAL DISTRIBUTION.

      USE PARM  

      TMX(I)=TXXM+SDTMX(IWI,MO)*WX(1)

      TMN(I)=OBMN(IWI,MO)+SDTMN(IWI,MO)*WX(2)

      IF(TMN(I)>TMX(I))TMN(I)=TMX(I)-.2*ABS(TMX(I))

      RETURN

      END






src/WTAIX.f90

      SUBROUTINE WTAIX(I)

!     APEX1501

!     THIS SUBPROGRAM GENERATES TMX AND TMN FOR MISSING RECORDS (999)

      USE PARM  

      IF(TMX(I)<100.)THEN

          TMN(I)=MIN(OBMN(IWI,MO)+SDTMN(IWI,MO)*WX(2),TMX(I)-.2*ABS(TMX(I)))

      ELSE

          TMX(I)=MAX(TXXM+SDTMX(IWI,MO)*WX(1),TMN(I)+.2*ABS(TMN(I)))

      END IF

      RETURN

      END





src.zip


src/ACOUT.f90

      SUBROUTINE ACOUT(XX,QQ,GKG)

!     APEX1501

!     THIS SUBPROGRAM CONVERTS 2 NUMBERS(MATERIAL MASS AND WATER VOL)

!     TO 1 NUMBER. THE NEW NUMBER HAS MASS IN G OR KG(GKG) ON THE LEFT

!     OF THE DECIMAL AND CONCENTRATION ON THE RIGHT. THE FIRST THREE

!     DIGITS TO THE RIGHT ARE CONCENTRATION AND THE 4TH DIGIT GIVES

!     PARTS PER THOUSAND(0), MILLION(1), BILLION(2), TRILLION(3)

      USE PARM

      IF(XX<1.E-10)RETURN

      X1=.1*GKG*XX/(QQ+1.E-10)

      IF(X1<1000.)THEN

          DO I=1,3

              N2=X1

              IF(N2>0)EXIT

              X1=X1*1.D3

          END DO

          I=MIN(I,3)

          XI=I

          ELSE

          XI=0.

          X1=.001*X1

      END IF    

      N2=XX+.5

      X2=N2

      N1=X1+.5

      X1=N1

      X3=1.D-3*X1+1.D-4*XI

      XX=X2+X3

      RETURN

      END






src/ADAJ.f90

      SUBROUTINE ADAJ(NC,JDT,M,IDA,NYD)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE DAY OF THE YEAR, GIVEN THE MONTH AND

!     THE DAY OF THE MONTH.

      DIMENSION NC(13)

      JDT=NC(M)+IDA

      !IF(M>2)JDT=JDT-NYD    ! Original statement commented out by Luca Doro

      if(m>2)jdt=jdt-1   ! New statement added by Luca Doro. We always subtract one because we have 29 days in Feb in vector NC

      RETURN

      END






src/ADEALLOCATE.f90

      SUBROUTINE ADEALLOCATE                                                      

!     THIS SUBROUTINE DEDEALLOCATES ARRAY SIZES                                          

      USE PARM                                                                       

      DEALLOCATE (CPNM,FPSO,FTNM,PSTN,TITOP,TITSO,HEDH,HED)                                                            

	  DEALLOCATE (KW,ICDT,IDN1T,IDN2T,IDNB,IDOT,IDRO,NHY,NQRB,NTX,NISA,&

	  ICUS,IHC,MASA,NBE,NBT,IDC,KDC,NTP,KDF,KFL)                                                     

	  DEALLOCATE (ISAL,ISAS,NFED,NHRD,NSAL,NSAO,NSAS)                                                               

	  DEALLOCATE (IIR,KIR,NIR)                                               

      DEALLOCATE (IAC,IAMF,IAPL,IAUF,IAUI,IAUL,IBSA,IDFH,IDNF,IDOA,IDON,&

      IDOR,IDR,IDRL,IDS,IEXT,IFA,IFD,IFLS,IGO,IGZ,IHDM,ILQF,IMW,IPMP,&

      IPSO,IPST,IPTS,IRF,IRI,IRO,IRP,IRR,IRRS,IRRW,ISAO,ISCP)

      DEALLOCATE (ISG,ISPF,IWTH,JBG,JCN,JCN0,JCN1,JD,JSA,KC,KP1,KT,KTF,&

      KTMX,KTT,LM,LRD,LUN,LUNS,MXSR,NBCF,NBCT,NBFF,NBFT,NBSA,NBSL,NBW,&

      NDFA,NII,NMW,NPSF,NRO,NVCN,NWDA)

      DEALLOCATE (IPSF,IDG,IX,IX0,KPSN,JPC,KPC,NPC,IHX) 

	  DEALLOCATE (IHU,IYH,JE,JP,JPL,KGO,NCR,NGD,NHU,NYLN)             

	  DEALLOCATE (NCP,NFRT,NPST,NTL)                    

      DEALLOCATE (IDFA,IDFD,IDMU,IGZO,IGZX,IHBS,IYHO,LGIR,NCOW,NGZA,&

      NHBS,NYHO)                  

      DEALLOCATE (IDSL,IDSS,IDOW,IHT,KOMP,IFED,NGZ,LID,LORG,IHRL,&

      IDFT,IDF0)                          

	  DEALLOCATE (ITL,JH,KDT,LFT,LT,LYR,LPC,LY,IHDT,NGIX,NBSX)                                 

      DEALLOCATE (OSAA,OWSA,PKRZ,RNMN,UK,UN,UP,UW)

      DEALLOCATE (FCST,FK,FN,FNMA,FNMN,FNO,FOC,FP,FPO,FSLT)                                                 

	  DEALLOCATE (PCST,PHLF,PHLS,PKOC,PLCH,PSOL,PWOF,SSPS)                                                 

      DEALLOCATE (COOP,COTL,DKH,DKI,EFM,EMX,FPOP,FRCP,FULU,HE,HMO,ORHI,&

      RHT,RIN,RR,STIR,TIL,TLD)                                      

      DEALLOCATE (AEP,ALT,CAF,CKY,CNLV,CNY,CSTS,CPY,DDM,DLAI,DMLA,&

      DMLX,EP,EXTC,FLT,FTO,GMHU,GRDD,GRLV,GSI,HI,HMX,PHUX,PLAX,POPX,&

      PRYF,PRYG,PST,RBMD,RDMX,RLAD,SDW,TBSC,TCPA,TCPY,TOPC,VPD2,VPTH,&

      WA,WAI,WAVP,WAX,WCY,WSYF,WXYF,XDLAI,XMTU,YLD,YLX)                    

      DEALLOCATE (ABD,AFLG,AGPM,ALGI,ALQ,ARMN,ARMX,ARSD,BA1,BA2,BCOF,&

      BCV,BFFL,BFSN,BFT,BGWS,BIG,BIR,BR1,BR2,BRSV,BSALA,BSNO,BSW,BTC,&

      BTCX,BTCZ,BTK,BTN,BTNX,BTNZ,BTP,BTPX,BTPZ,BV1,BV2,BVIR,CFNP,CHL,&

      CHMX,CHN,CHS,CHXA,CHXP,CLG,CN0,CN2,CNSX)

      DEALLOCATE (COST,COWW,CPMX,CST1,CV,CVF,CVP,CVRS,CYAV,CYMX,CYSD,&

      DALG,DDLG,DEPC,DHT,DKIN,DKHL,DRT,DST0,DWOC,EFI,EK,EM10,EVRS,EVRT,&

      FBAR,FBM,FCMN,FCMP,FDSF,FFC,FFPQ,FGC,FGSL,FHP,FIRG,FPF,FPSC,FSFN,&

      FSFP,GMA,GRDL,GWE0,GWEL,GWSN,GWST,GWMX,GZRF,HCLD,HCLN,HLMN,HR0,&

      HSM,OCPD)

      DEALLOCATE (OMAP,ORSD,PAW,PCOF,PDAW,PDPL,PDPL0,PDPLC,PDPLX,PDSKC,&

      PDSW,PEC,PMX,PM10,PRSD,PSTF,PSTM,PSTS,QCAP,QRBQ,QRQB,RCBW,RCF,RCHC,&

      RCHD,RCHK,RCHL,RCHN,RCHS,RCHX,RCSS,RCTW,REPI,RFPK,RFPL,RFPS,RFPW,&

      RFPX,RFQN,RFTT,RFV,RFV0,RHD,RHTT)

      DEALLOCATE (RINT,RLF,RMXS,ROSP,RRUF,RSAE,RSAP,RSBD,RSDP,RSEE,RSEP,&

      RSF,RSHC,RSK,RSLK,RSOC,RSON,RSOP,RSO3,RSRR,RSSA,RSSP,RST0,RSV,RSVB,&

      RSVE,RSVF,RSVP,RSPK,RSYB,RSYF,RSYN,RSYS,RVE0,RVP0,RZ,RZSW,&

      SALA,SALB,SAMA,SATK,SCI,SCNX,SDVR,SLF,SLT0,SLTX,SMAS,SMEO,SMFN,&

      SMFU,SMKS,SMLA,SMMU,SMNS,SMNU,SMPL,SMPQ,SMPS,SMPY,SMRF,SMSS,SMST,&

      SMTS,SMWS,SMX,SMY1,SMY2,SNO,SOLQ,SPFD,SPLG,SRAD,SRSD,SSFI,SSIN,SSW)                     

      DEALLOCATE (ST0,STDO,STDOK,STDON,STDOP,STKR,STLT,STP,SW,&

      SWLT,SYN,S3,TAGP,TCC,TCS,TFLG,THK,TILG,TKR,TLMF,TMN,TMX,TNOR,&

      TOC,TPSF,TRSD,TSLA,TSMY,TSNO,TVGF,TYK,TYN,TYP,U10,UB1,UOB,UPSX,&

      URBF,USL,VAC,VALF1,VAP,VCHA,VCHB,VFPA,VFPB,VIMX,VIRT,VLG,VLGB,&

      VLGI,VLGM,VLGN,VPU,VRSE,VSK,VSLT,WDRM)                                                     

      DEALLOCATE (WK,WS,WSA,WSX,WTMB,WTBL,WTMN,WTMU,WTMX,XCT,XHSM,XIDK,&

      XIDS,XMAP,XNS,XRFI,YCT,YLC,YLS,YTN,YTX,ZBMC,ZBMN,ZCO,ZCOB,ZEK,ZFK,&

      ZFOP,ZHPC,ZHPN,ZHSC,ZHSN,ZLM,ZLMC,ZLMN,ZLS,ZLSC,ZLSL,ZLSLC,ZLSLNC,&

      ZLSN,ZNH3,ZNO3,ZNMU,ZNOA,ZNOS,ZNOU,ZOC,ZON,ZPMA,ZPML,ZPMS,ZPMU,&

      ZPO,ZPOU,ZSK,ZSLT,ZTP)                                               

      DEALLOCATE (CPVH,DPMT,DRAV,ERAV,HYDV,RCTC,PRAV,PRB,PSZM,QC,QDR)

      DEALLOCATE (QDRN,QDRP,QN,QP,QPR,QPU,QRF,QRFN,QRFP,QRP,QURB,QVOL,&

      RQRB,RSFN)

      DEALLOCATE (RSSF,RWSA,SHYD,SMIO,SMQN,SMYN,SQC,SQN,SQP,SQVL,SSN,SST,&

      STY,SYC)

      DEALLOCATE (SYP,TC,TCAV,TCMN,TCMX,TSFK,TSFN,VAQN,VAQP,VAYN,VAYP,&

      VQC,VSSN,VYC,WYLD)

      DEALLOCATE (YC,YCOU,YCWN,YMNU,YN,YNOU,YNWN,YP,YPM,YPOU,YPWN,YW)

      DEALLOCATE (PSO3,PSON,PSOP,PSOQ,PSOY,PQPS,PSSP,PYPS)

      DEALLOCATE (QGA,RFDT,VARW)

      DEALLOCATE (EO5,RF5,SCFS,XMS,ASW,CX,QIN,SET,SRD,SRMX,TAMX,TCN,TCVF,&

      TEI,TET,THRL,TQ,TR,TRHT,TSN,TSR,TSY,TXMX,TXMN,TQN,TQP,TQPU,TYON,&

      TYTP,TYW,CNSC)

      DEALLOCATE (ALS,BD,BDD,BDM,BDP,BPT,CAC,CBN,CDG,CEC,CLA,CNDS,&

      CNRT,CPRH,CPRV,DHN,ECND,EQKE,EQKS,EXCK,FE26,FIXK,FOP,HCL,PH,PO,&

      PSP,ROK,RSD,RSDM,SAN,SATC,SEV,SIL,SMB,SOLK,SULF,SUT)

      DEALLOCATE (SWST,STFR,STMP,VNO3,WBMN,WCMU,WCOU,WHPC,WHPN,WHSC,&

      WHSN,WKMU,WLM,WLMC,WLMN,WLS,WLSC,WLSL,WLSLC,WLSLNC,WLSN,&

      WNMU,WNOU,WOC,WON,WPMA,WPML,WPMS,WPMU,WPO,WPOU,WSLT,WT,Z)

      DEALLOCATE (ACET,AJH1,AJHI,AWC,CAW,CNT,CPHT,CSTF,DM,DMF,DM1,ETG,&

      FRTK,FRTN,FRTP,HU,HUF,HUI,PPL0,RD,RDF,REG,RW,SLAI,SLA0,SRA,STD,&

      STDK,STDL,STDN)               

      DEALLOCATE (STDP,STL,SWH,SWP,TCAW,TDM,TETG,TFTK,TFTN,TFTP,THU,TRA,&

      TRD,TVIR,TYL1,TYL2,TYLK,TYLN,TYLP,UK1,UNA,UN1,UP1,VIR,WCHT,WLV,&

      XLAI,XDLA0,YLD1,YLD2,YLKF,YLNF,YLPF)

      DEALLOCATE(ACO2C,AFP,AN2OC,AO2C,CGCO2,CGN2O,CGO2,CLCO2,CLN2O,CLO2)

      DEALLOCATE(DCO2GEN,DN2G,DN2OG,DO2CONS,DPRC,DPRN,DPRO,DRWX,EAR,FC,&

      HKPC,HKPN)

      DEALLOCATE(HKPO,RSPC,RWTZ,S15,SADST,SMEA,SMES,SOT,SSFCO2,SSFN2O,&

      SSFO2)

      DEALLOCATE(TPOR,VCO2,VGA,VGN,VN2O,VO2,VFC,VWC,VWP,WBMC,WCO2G,&

      WCO2L,WN2O,WN2OG,WN2OL,WNO2,WNH3,WNO3,WO2G,WO2L,XN2O,ZC)    

      DEALLOCATE (YHY,SMH,SMYH,VARH,QPST,RSPS,TSPS,YPST,SRCH,CPFH,QSF,&

      SSF,SM,SMUA,SMY,SMYUA,VAR,VARUA,CTSA,VQ,VY,GWPS,PFOL,ANA,FNMX,&

      GCOW,GZLM,DUMP,FFED,GZRT,VURN,PPX,YSD,PCT,PCTH,SQB,SYB,FNP,SMYRP,&

      BK,BN,BP,BLG,BWN,DLAP,FRST,PPCF,PPLP,RWPC,STX,WAC2,PPLP_MAX)    

      DEALLOCATE (SMMH,PVQ,PVY,PSTE,PSTR,PSSF,PSTZ,CND,SMM,SMMUA,STV,&

      SMS,SOL,FIRX,QIR,RSTK,TIR,VIRR,WFA,WMUCH,PHU,POP,PPLA,VARC,SMAP,&

      SMYP,VARP,SMMRP,SMRP)

      !SPQ(5,20,MHY),SPQC(5,20,MHY),SPY(5,20,MHY)

      DEALLOCATE (TSFC,SOIL,HUSC,RWT,STDA,SFCP,SFMO,XZP,QHY)

      DEALLOCATE (SMMP,SMMC,KRST,vgSat,vgRes)

      ! DEALLOCATE (APQ(5,20,100,MHY),APQC(5,20,100,MHY),APY(5,20,100,MHY)&              

      ! ,AQB(5,20,100,MHY),AYB(5,20,100,MHY),SMMP(20,MPS,12,MSA),SMMC(15,&             

      ! MNC,12,MSA))

      ! deallocate paddy arrays Jaehak 2016                                                                                        

      DEALLOCATE(SUB_D50,PADDY_STO,PADDY_OUT,PADDY_HWEIR,PADDY_HMIN)

      DEALLOCATE(HWEIR,LWEIR,PADDY_LWEIR,HMIN_IRR)

      deallocate(xgo2,xgco2,xgn2o)    ! Variables added by Luca Doro

      RETURN                                                                         

      END                                                                            

                                                                                     








src/ADSTN.f90

      FUNCTION ADSTN(RN1,RN2)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES A STANDARD NORMAL DEVIATE GIVEN TWO RANDO

!     NUMBERS

      ADSTN=SQRT(-2.*LOG(RN1))*COS(6.283185*RN2)

      RETURN

      END






src/AEXINT.f90

      SUBROUTINE AEXINT(WW,SUM)

!     APEX1501

!     THIS SUBPROGRAM INTEGRATES THE MODIFIED EXPONENTIAL EQ.

      X1=1.

      DX=.1

      SUM=0.

      Y1=0.

      DO WHILE(DX>1.E-4)

          XY=0.

          DO WHILE(XY<.1)

              X2=X1-DX

              IF(X2<=0.)EXIT

              Y2=(-LOG(X2))**WW

              XY=(Y2+Y1)*DX

              SUM=SUM+XY

              X1=X2

              Y1=Y2

          END DO

          DX=DX*.5

      END DO

      SUM=SUM*.5

      RETURN

      END






src/AHEAD.f90

      SUBROUTINE AHEAD

!     THIS SUBPROGRAM SETS HEADERS AND INITIALIZES GLOBAL VARIABLES

      USE PARM

      HEDC=(/" HUI"," LAI","  RD","  RW","BIOM"," STL","CPHT"," STD",&

      "STDL","  WS","  NS","  PS","  KS","  TS","  AS","SALT"," REG"/)

      HEDP=(/"PAPL","PSRO","PLCH","PSSF","PSED","PDGF","PDGS","PFOL",&

      "PSOL","PDRN","PRSF","PDPK","PSIN"/)

      HEDR=(/" QSS"," QTS","  YS"," YNS"," YPS"," QNS"," QPS","YMUS",&

      "QPUS"," YCS"," QSW"," QTW","  YW"," YNW"," YPW"," QNW"," QPW",&

      "YMUW","QPUW"," YCW"/)

      HEDS=(/"ZNH3","ZNO3","ZPML"," ZSK"," UNM"," UPM"," UKM","RZSW",&

      "WTBL","GWST","STDO"," RSD","RSVQ","RSVY","RSSA","SWLT"," SNO",&

      "RSDM","GWSN","ZSLT"/)

      HDRP=(/"QPSI","YPSI","QPSO","YPSO","    "/)

      CMDX=(/"SA","RT","AD","RS","PD"/)

      SID=(/"   1","   2","   3","   4","   5","   6","   7","   8",&

      "   9","  10"," TOT"/)

	  NJC=4;NKA=100;NKD=40;NKS=20;NKY=40;NSZ=3;NPRC=30

      NC=(/0,31,60,91,121,152,182,213,244,274,305,335,366/)

      NXP=(/1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,&

      23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,&

      44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,&

      65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,&

      86,87,88,89,90/)

      NDC=(/1,2,3,4,5,6,7,8,9,10,11/)

	  NHC=(/1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,&

      23,24,25,26,27/)

      KR=(/11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,&

      31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,&

      52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70/)

      PSZ=(/200.,10.,2.,30.,500./)

      PI2=6.283185;PIT=58.13;SBAL=0.;YLNX=0.;CLT=57.296

	  RETURN

      END






src/AICL.f90

      SUBROUTINE AICL

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE DAY OF THE MONTH, GIVEN THE MONTH AND

!     THE DAY OF THE YEAR.

      USE PARM

      KDA=JDA-NC(MO)

      IF(MO>2)KDA=KDA+NYD

      RETURN

      END






src/AINIX.f90

      SUBROUTINE AINIX

!     APEX1501

!     THIS SUBPROGRAM INITIALIZES RANDOM NUMBER GENERATOR SEEDS.

      USE PARM

      ISA=1

      IX(1)=748932582

      IX(2)=1985072130

      IX(3)=1631331038

      IX(4)=67377721

      IX(5)=366304404

      IX(6)=1094585182

      IX(7)=1767585417

      IX(8)=1980520317

      IX(9)=392682216

      IX(10)=64298628

      IX(11)=250756106

      IX(12)=1025663860

      IX(13)=186056398

      IX(14)=522237216

      DO I=1,10

          UW(I)=0.

      END DO  

      RETURN

      END






src/AINLZ.f90

      SUBROUTINE AINLZ

!     APEX1501

!     THIS SUBPROGRAM INITIALIZES VARIABLES

      USE PARM

      IAD=0

      IAPL=0

      IDFA=0

      IDMU=1

      IDNF=0

      IDRL=0

      IDRO=1

	  IEXT=0

      IFED=0

      IGC=0

      IGO=0

      IGZ=0

      IGZX=0

      IHRL=0

      IHT=0

      IHU=0

	  IHV=0

	  IPL=0

      IPMP=0

      IPSF=0

      IPSO=1

      IPST=0

      IPY=1

      IPYI=1

      IRH=0

      IRP=0

	  ISAS=0

      ISCP=0

      JBG=0

      JCN=0

      JCN0=0

      JCN1=0

      JD0=400

      JE=MNC

      JPL=0

      KDF=0

      KDT=0

      KDT2=0

      KGO=0

      KPSN=0

      KTF=0

      LC=0

	  LW=1

	  LY=0

	  LYR=0

	  MXT=0

	  NBCF=0

	  NBFF=0

	  NCOW=0

	  NCP=0

	  NCR=0

      NDF=0

      NDFA=0

      NDP=0

      NDT=0

	  NDWT=1

	  NEV=1

      NGD=0

	  NGZ=0

	  NHRD=0

	  NHU=0

	  NHY=0

	  NMW=0

	  NQRB=0

      NSAO=0

      NTL=0

      NWDA=0

      NYLN=0

      ACET=0.

      ADHY=0.

	  ADRF=100.

	  AFLG=0.

      AGPM=0.

      AJH1=0.

	  AJHI=0.

	  ALGI=0.

	  ALMN=.02083

	  ANA=0.

!	  APQ=0.

!     APY=0.

!     AQB=0.

!     AYB=0.

	  ARSD=0.

      ASW=0.

      AWC=0.

      BVIR=0.

	  CAW=0.

      CHMX=0.

      CNDS=0.

      CNLV=0.

	  COST=0.

      CPFH=0.

	  CPHT=.01

      CPVH=0.

      CSFX=0.

      CST1=0.

      CSTF=0.

      CV=0.

      CVP=0.

      CVRS=0.

      CX=1.E-10

      CYAV=0.

      CYMX=0.

      CYSD=0.

      D150=0.

	  DEPC=0.

	  DHT=0.

      DKHL=0.

	  DM=0.

      DM1=0.

      DMF=0.

	  DRAV=0.

	  DRWX=0.

	  DUMP=8.

	  EAR=1.

	  ECND=0.

	  EO5=2.

	  EP=0.

	  ERAV=0.

	  ETG=0.

      EVRS=0.

	  EXCK=0.

	  EXTC=.65

	  FCMN=0.

      FCMP=0.

	  FFED=0.

	  FGC=0.

	  FGSL=0.

	  FIXK=0.

	  FNP=0.

	  FPF=0.

      FPSO=''

	  FRTK=0.

	  FRTN=0.

	  FRTP=0.

	  FSFN=0.

	  FSFP=0.

	  FULU=0.

	  GWPS=0.

	  GZRF=1.

	  GZRT=14.

	  HU=0.

	  HUF=0.

	  HUI=0.

      LAI_INIT=0.

	  OCPD=0.

      OMAP=0.

      PAW=0.

      PDAW=0.

      PDPL=0.

      PDSKC=0.

      PDSW=0.

	  PFOL=0.

	  PHU=0.

	  PM10=0.

      PMOEO=100.

      PMORF=100.

      POP=0.

      PPL0=0.

      PPLA=0.

      PRAV=0.

      PRB=0.

      PRSD=0.

      PSTF=1.

      PSTM=0.

      PSTN='                '

      PSTS=0.                      

      PSTZ=0.

	  PSZM=2.

	  PVQ=0.

	  PVY=0.

	  QC=0.

	  QDR=0.

	  QDRN=0.

	  QDRP=0.

	  QGA=0.

	  QHY=0.

	  QIN=0.

	  QN=0.

	  QP=0.

	  QPST=0.

	  QPU=0.

	  QRBQ=0.

      QRF=0.

      QRFN=0.

	  QRQB=0.

      QSF=0.

	  RCF=1.

	  RD=0.

      RDF=0.

	  REG=0.

	  RF5=0.

	  RFQN=0.

	  RFSG=0.

      RHTT=0.

      RINT=0.

      RMXS=0.

      RMX0=0.

      RNCF=1.

      RNMN=0.

      RRUF=0.

	  RSD=0.

      RSDM=0.

      RSFN=0.

      RSPC=0.

      RSPS=0.

      RSSA=0.

      RSSF=0.

      RST0=0.

      RSTK=0.

      RSVE=0.

	  RSVP=0.

      RSPK=0.

	  RW=0.

	  RWT=0.

	  RZSW=0.

	  SDRF=0.

	  SDVR=0.

	  SET=0.

      SEV=0.

	  SFCP=0.

	  SFMO=0.

      SHRL=1.

      SHYD=0.

      SLAI=0.

      SLA0=.05

      SM=0.

      SMA4=0.

      SMAP=0.

      SMFN=0.

      SMFU=0.

      SMH=0.

      SMIO=0.

      SMLA=.01

      SMM=0.

      SMMH=0.

      SMMP=0.

	  SMMR=0.

	  SMMRP=0.

	  SMMU=0.

      SMMUA=0.

      SMNU=0.

      SMQN=0.

      SMR=0.

      SMRP=0.

	  SMS=0.

	  SMST=0.

	  SMSW=0.

	  SMY=0.

      SMYH=0.

      SMYP=0.

      SMYR=0.

      SMYRP=0.

      SMYUA=0.

      SOFU=0.

      SOIL=0.

      SOLK=0.

      !SPQ=0.

      !SPY=0.

	  SQB=0.

      SQC=0.

      SQN=0.

      SQP=0.

	  SQVL=0.

	  SRA=0.

	  SRAD=0.

	  SRCH=0.

	  SRD=0.

	  SRMX=0.

      SRSD=0.

      SSFCO2=0.

      SSFI=0.

      SSFK=0.

	  SSFN=0.

	  SSFN2O=0.

	  SSFO2=0.

      SSIN=0.

      SSN=0.

      SST=0.

      SSW=0.

      STD=0.

      STDA=0.

      STDK=0.

      STDL=0.

      STDN=0.

      STDO=0.

      STDOK=0.

      STDON=0.

      STDOP=0.

      STDP=0.

      STIR=0.

      STKR=0.

      STL=0.

      STV=0.

	  STY=0.

      SWLT=0.

      SYB=0.

      SYC=0.

      SYMU=0.

      SYN=0.

      SYP=0.

	  TAGP=0.

	  TAMX=0.

      TC=0.

	  TCAV=0.

	  TCAW=0.

      TCMN=100.

      TCMX=0.

	  TCN=0.

	  TCPA=0.

	  TCPY=0.

	  TCVF=0.

      TDM=0.

      TETG=0.

      TEI=0.

      TET=0.

      TEV1=0.

	  TEVP=0.

	  TFTN=0.

	  TFTP=0.

	  TFTK=0.

	  THK=0.

      THRL=0.

      THU=0.

	  TKR=0.

	  TLMF=0.

      TMAF=0.

      TMAP=0.

	  TMNF=1.

	  TMPD=0.

	  TMXF=0.

	  TNYL=0.

	  TPRK=0.

      TPSF=0.

      TPSP=0.

      TQ=0.

	  TQN=0.

	  TQP=0.

	  TR=0.

	  TRA=0.

      TRD=0.

      TRHT=0.

	  TRSD=0.

	  TSFC=0.

	  TSFK=0.

      TSFN=0.

      TSN=0.

	  TSNO=0.

	  TSPS=0.

	  TSR=0.

	  TSY=0.

	  TVGF=0.

	  TVIR=0.

	  TXMN=0.

	  TXMX=0.

	  TYK=0.      

      TYL1=0.

      TYL2=0.

      TYLK=0.

      TYLN=0.

      TYLP=0.

	  TYN=0.

	  TYON=0.

	  TYP=0.

	  TYTP=0.

	  TYW=0.

	  UK1=0.

	  UN1=0.

      UP1=0.

	  UW=0.

      V56=0.

      V57=0.

	  VAC=0.

	  VALF1=0.

      VAP=0.

      VAR=0.

      VARC=0.

      VARH=0.

      VARP=0.

      VARW=0.

      VCHA=0.

	  VCHB=0.

	  VCO2=0.

	  vfc=0.    ! Variable added by Luca Doro

      VFPA=0.

	  VFPB=0.

	  VIR=0.

      VIRT=0.

	  VLG=0.

	  VLGI=0.

	  VLGM=0.

	  VN2O=0.

	  VO2=0.

	  VPU=0.

	  VQ=0.

	  VSLT=0.

      VSSN=0.

	  VURN=40.

      VY=0.

	  WBMC=0.

      WBMX=0.

	  WCHT=0.

	  WCMU=0.

	  WCO2G=0.

	  WCO2L=0.

	  WCOU=0.

	  WHPC=0.

	  WHSC=0.

      WLMC=0.

	  WLSC=0.

	  WLV=0.

	  WN2O=0.

	  WN2OG=0.

	  WN2OL=0.

	  WNH3=0.

	  WNO2=0.

	  WNO3=0.

      WNMU=0.

      WNOU=0.

      WO2G=0.

      WO2L=0.

      WPML=0.

      WPMU=0.

      WPOU=0.

	  WOC=0.

	  WS=1.

	  WSLT=0.

      WTMU=0.

      WTN=0.

      WYLD=0.

      XHSM=0.

      XIM=0.

      XMTU=0.

	  YC=0.

	  YCOU=0.

	  YHY=0.

	  YLD=0.

	  YLD1=0.

      YLD2=0.

      YLK=0.

      YLKF=0.

      YLN=0.

	  YLNF=0.

	  YLP=0.

	  YLPF=0.

	  YLX=0.

	  YMNU=0.

	  YN=0.

	  YNOU=0.

	  YNWN=0.

	  YP=0.

      YPM=0.

	  YPOU=0.

	  YPST=0.

      ZBMC=0.

      ZHPC=0.

      ZHSC=0.

      ZLMC=0.

	  ZLSC=0.

      ZNO3=0.

      ZNOA=0.

      ZNOS=0.

      ZPMA=0.

      ZPML=0.

      ZPMS=0.

      ZPMU=0.

      ZPO=0.

	  ZPOU=0.

	  ZEK=0.

	  ZFK=0.

	  ZSK=0.

	  ZSLT=0.

      !paddy variables jaehak jeong 2014

      HWEIR=0.

      LWEIR=0.

      PADDY_OUT=0.

      PADDY_STO=0.

      PADDY_HWEIR=0.

      PADDY_LWEIR=0.

      paddy_irrmm=0.

      PADDY_HMIN=0.

      HMIN_IRR=0.

     !Landscape wind erosion J Jeong 2020

      curday_gap_stor=0.

      curday_wind_stor=0.

      gap_pdf=0.

      ustar_okin_pdf=0.

      soil_psd=0.

      psd_m=0.

      psd_f=0.

      ustart_pdf=0.

      hflux_pdf=0.

      vflux_pdf=0.

      curday_gap_stor=0.

      curday_wind_stor=0.

      gamma_parms=0.

      nbinw=0

      nbinvg=0

      LWE_IWND=1

      LWE_IPLT=1

      LWE_IHT=1

      LWE_ICOV=1

      soil_psd_parm=0.

      min_disp_params=0.

      full_disp_params=0.

      hflux_total=0.

      vflux_total=0.

      PLASTP=0.

      okin_A=0.

      SHAO_11_CY=0.

      KAPPA=0.

      pdf_factor=0.

      okin_ssr0=0.

      okin_efold=0.

      LWE_z0=0.

      max_cangap=0.

      ustar_total=0.

      ustart_total=0.

      sand=0.

      silt=0.

      clay=0.

      veg_cover_fraction=0.

      nval_wind=0

      nval_gap=0

      veg_mean_height_stor=0.

      veg_cover_fraction_stor=0.

      curday_gap_mean_stor=0.

      u_avg_stor=0.

      PPLP_MAX=0.

	  ICMD=1

      

      RETURN

      END






src/AINTRI.f90

      SUBROUTINE AINTRI(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH UN

      ! EQUAL THICKNESS TO LAYERS OF EQUAL THICKNESS USED IN DIFFERENTIAL

      ! EQUATIONS OF GAS DIFFUSION.

      USE PARM

      DIMENSION X(MSL,MSA),Y(MSC,MSA)

      ZZ=0.

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N1

          L=LID(K,ISA)

          DO 

              IF(ZC(J,ISA)>Z(L,ISA))EXIT

              Y(J,ISA)=TOT+X(L,ISA)*(ZC(J,ISA)-ZZ)/(Z(L,ISA)-Z1)

              ZZ=ZC(J,ISA)

              J=J+1

              IF(J>N2)EXIT

              TOT=0.

          END DO

          TOT=TOT+X(L,ISA)*(Z(L,ISA)-ZZ)/(Z(L,ISA)-Z1)

          IF(J>N2)EXIT

          Z1=Z(L,ISA) 

          ZZ=Z(L,ISA)

      END DO

      !I=MIN(J,N2)

      !Y(I,ISA)=TOT

      RETURN

      END






src/AINTRIC.f90

      SUBROUTINE AINTRIC(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES CONCENTRATIONS FROM LAYERS WITH UN

      ! EQUAL THICKNESS TO LAYERS OF EQUAL THICKNESS USED IN DIFFERENTIAL

      ! EQUATIONS OF GAS DIFFUSION.

      USE PARM

      DIMENSION X(MSL,MSA),Y(MSC,MSA)

      ZZ=0.

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N1

          L=LID(K,ISA)

          DO 

              IF(ZC(J,ISA)>Z(L,ISA))EXIT

              Y(J,ISA)=TOT+X(L,ISA)*(ZC(J,ISA)-ZZ)

              ZZ=ZC(J,ISA)

              J=J+1

              IF(J>N2)RETURN

              TOT=0.

          END DO

          IF(J>N2)RETURN

          TOT=TOT+X(L,ISA)*(Z(L,ISA)-ZZ)

          Z1=Z(L,ISA) 

          ZZ=Z(L,ISA)

      END DO

      DO I=1,N2-1

          Y(I,ISA)=Y(I,ISA)/DZDN

      END DO 

      Y(N2,ISA)=MAX(X(LID(N1,ISA),ISA),TOT/DZDN)

      RETURN

      END






src/AINTRO.f90

      SUBROUTINE AINTRO(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH   

      ! EQUAL THICKNESS (OUTPUT FROM DIF EQ SOLN OF GAS DIFFUSION EQS) TO

      ! LAYERS OF UNEQUAL THICKNESS (INPUT SOIL LAYERS).

      USE PARM

      DIMENSION X(MSC,MSA),Y(MSC,MSA)

      Z1=0.

      TOT=0.

      AD1=0.

      AD2=0.

      J=1

      DO K=1,N2

          AD1=AD1+X(K,ISA)

          DO WHILE(J<=N1)

              L=LID(J,ISA)

              IF(Z(L,ISA)>ZC(K,ISA))EXIT

              Y(L,ISA)=TOT+X(K,ISA)*(Z(L,ISA)-Z1)/DZDN

              AD2=AD2+Y(L,ISA)

              Z1=Z(L,ISA)

              J=J+1

              TOT=0.

          END DO

          IF(J<=N1)THEN

              TOT=TOT+X(K,ISA)*(ZC(K,ISA)-Z1)/DZDN

              Z1=ZC(K,ISA)

          ELSE

              EXIT  

          END IF

      END DO

      L=LID(N1,ISA)     

      Y(L,ISA)=Y(L,ISA)+AD1-AD2

      RETURN

      END






src/AINTRX.f90

      SUBROUTINE AINTRX(X,Y,N1,N2)

      ! APEX1501

      ! THIS SUBPROGRAM INTERPOLATES SOIL PROPERTIES FROM LAYERS WITH   

      ! EQUAL THICKNESS (OUTPUT FROM DIF EQ SOLN OF GAS DIFFUSION EQS) TO

      ! LAYERS OF UNEQUAL THICKNESS (INPUT SOIL LAYERS).

      USE PARM

      DIMENSION X(MSC,MSA),Y(MSL,MSA)

      Z1=0.

      TOT=0.

      J=1

      DO K=1,N2

          DO WHILE(J<=N1)

              L=LID(J,ISA)

              IF(Z(L,ISA)>ZC(K,ISA))EXIT

              Y(L,ISA)=TOT+X(K,ISA)*(Z(L,ISA)-Z1)

              Z1=Z(L,ISA)

              J=J+1

              TOT=0.

          END DO

          IF(J<=N1)THEN

              TOT=TOT+X(K,ISA)*(ZC(K,ISA)-Z1)

              Z1=ZC(K,ISA)

          ELSE

              EXIT  

          END IF

      END DO

      Z1=0.

      DO J=1,N1

          L=LID(J,ISA)     

          Y(L,ISA)=Y(L,ISA)/(Z(L,ISA)-Z1)

          Z1=Z(L,ISA)

      END DO

      RETURN

      END






src/AISHFL.f90

      SUBROUTINE AISHFL

!     APEX1501

!     THIS SUBPROGRAM SHUFFLES DATA RANDOMLY.(BRATLEY,FOX,SCHRAGE,P.34)

      USE PARM

      DO I=13,2,-1

          II=IDG(I)

          RN=AUNIF(14)

          K=I*RN+1

          IDG(I)=IDG(K)

          IDG(K)=II

      END DO

      RETURN

      END






src/AISPL.f90

      SUBROUTINE AISPL(II,JJ)

!     APEX1501

!     THIS SUBPROGRAM SPLITS DUAL PURPOSE INTEGER INPUT VARIABLES.

      USE PARM

      XX=II

      XX=XX*.1

      JJ=XX

      II=II-JJ*10

      RETURN

      END






src/ALLOCATE_PARMS.f90

      SUBROUTINE ALLOCATE_PARMS                                                      

!     THIS SUBROUTINE ALLOCATES ARRAY SIZES                                          

      USE PARM                                                                       

      MSL=12                                                                              

      MSO=50                                                                         

	  NSM=158 

	  MSC=31                                                                                                                                                          

	  NSH=37

      NRNG=14

      NRN0=NRNG-1

	  ML1=MSL+1                                                                           

      MHY=MSA*4                                                                      

      MHY5=MHY*5                                                                     

      MLA=MSL*MSA                                                                    

      MLA1=ML1*MSA                                                                   

      MLA17=MSL*MSA*17                                                               

	  MPA=MPS*MSA                                                                         

      MPA90=MPA*90                                                                   

      MPLA=MPA*MSL                                                                   

	  MCA=MNC*MSA                                                                         

      MCA5=MCA*5                                                                     

      MCA12=MCA*12                                                                   

      MCCA=MNC*MNC*MSA                                                               

      MRA=MRO*MSA                                                                    

      MRCA=MRA*MNC                                                                   

      MRTA=MNT*MRA                                                                   

	  MLCA=MNC*MLA

	  NBMX=MAX(NBMX,MHY)                                                                        

      ALLOCATE (CPNM(MNC),FPSO(NBMX),FTNM(MFT),PSTN(MPS),TITOP(MSA),&

      TITSO(MSA),HEDH(NSH),HED(NSM))                                                            

	  ALLOCATE (KW(2*MSA+MSO),ICDT(MHY),IDN1T(MHY),IDN2T(MHY),IDNB(MHY),&                 

      IDOT(MHY),IDRO(MHY),NHY(MHY),NQRB(MHY),NTX(MHY),NISA(NBMX),ICUS&

      (MNT),IHC(MNT),MASA(NSM),NBE(MNT),NBT(MNT),IDC(MNC),KDC(MNC),&

      NTP(MNC),KDF(MFT),KFL(MSO+1))                                                     

	  ALLOCATE (ISAL(MOW),ISAS(MOW),NFED(MOW),NHRD(MOW),NSAL(MSA),NSAO&                   

      (MOW),NSAS(MOW))                                                               

	  ALLOCATE (IIR(MIR),KIR(MIR),NIR(MIR))                                               

	  ALLOCATE (IAC(MSA),IAMF(MSA),IAPL(MSA),IAUF(MSA),IAUI(MSA),IAUL&                    

      (MSA),IBSA(MSA),IDFH(MSA),IDNF(MSA),IDOA(MSA),IDON(MSA),IDOR(MSA),&

      IDR(MSA),IDRL(MSA),IDS(MSA),IEXT(MSA),IFA(MSA),IFD(MSA),IFLS(MSA),&

      IGO(MSA),IGZ(MSA),IHDM(MSA),ILQF(MSA),IMW(MSA),IPMP(MSA),IPSO(MSA),&

      IPST(MSA),IPTS(MSA),IRF(MSA),IRI(MSA),IRO(MSA),IRP(MSA),IRR(MSA),&

      IRRS(MSA),IRRW(MSA),ISAO(MSA),ISCP(MSA))

      ALLOCATE (ISG(MSA),ISPF(MSA),IWTH(MSA),JBG(MSA),JCN(MSA),&

      JCN0(MSA),JCN1(MSA),JD(MSA),JSA(MSA),KC(MSA),KP1(MSA),KT(MSA),&

      KTF(MSA),KTMX(MSA),KTT(MSA),LM(MSA),LRD(MSA),LUN(MSA),LUNS(MSA),&

      MXSR(MSA),NBCF(MSA),NBCT(MSA),NBFF(MSA),NBFT(MSA),NBSA(MSA),&

      NBSL(MSA),NBW(MSA),NDFA(MSA),NII(MSA),NMW(MSA),NPSF(MSA),NRO(MSA),&

      NVCN(MSA),NWDA(MSA))

      ALLOCATE (IPSF(MPO),IDG(NRN0),IX(NRNG),IX0(NRN0),KPSN(MPO),&

      JPC(MPS),KPC(MPS),NPC(MPS),IHX(MHX)) 

	  ALLOCATE (IHU(MNC,MSA),IYH(MNC,MSA),JE(MNC,MSA),JP(MNC,MSA),&                       

      JPL(MNC,MSA),KGO(MNC,MSA),NCR(MNC,MSA),NGD(MNC,MSA),NHU(MNC,MSA),&

      NYLN(MNC,MSA))             

	  ALLOCATE (NCP(MRO,MSA),NFRT(MRO,MSA),NPST(MRO,MSA),NTL(MRO,MSA))                    

	  ALLOCATE (IDFA(MHD,MOW),IDFD(MHD,MOW),IDMU(MHD,MOW),IGZO(MHD,MOW),&                 

      IGZX(MHD,MOW),IHBS(MHD,MOW),IYHO(MHD,MOW),LGIR(MHD,MOW),&             

      NCOW(MHD,MOW),NGZA(MHD,MOW),NHBS(MHD,MOW),NYHO(MHD,MOW))                  

	  ALLOCATE (IDSL(MSA,MSA),IDSS(MSA,MSA),IDOW(MSA,MOW),&                 

      IHT(MNT,MSA),KOMP(MNT,MSA),IFED(MHD,MSA),NGZ(MHD,MSA),LID(ML1,MSA)&            

      ,LORG(MSL,MSA),IHRL(12,MSA),IDFT(6,MSA),IDF0(6,MSA))                          

	  ALLOCATE (ITL(MRO,MNT,MSA),JH(MRO,MNT,MSA),KDT(12,MNC,MSA),LFT(MRO&                 

      ,MNT,MSA),LT(MRO,MNT,MSA),LYR(MRO,MNT,MSA),LPC(MRO,MPS,MSA),LY(MRO&            

      ,MNC,MSA),IHDT(MBS,MHD,MOW),NGIX(MSA,MHD,MOW),NBSX(MBS,MHD,MOW))

      ALLOCATE (OSAA(MOW),OWSA(MOW),PKRZ(MSL),UK(MSL),&

      UN(MSL),UP(MSL),UW(MSL))

      ALLOCATE (FCST(MFT),FK(MFT),FN(MFT),FNMA(MFT),FNMN(MFT),FNO(MFT),&

      FOC(MFT),FP(MFT),FPO(MFT),FSLT(MFT))                                                 

	  ALLOCATE (PCST(MPS),PHLF(MPS),PHLS(MPS),PKOC(MPS),PLCH(MPS),&                       

      PSOL(MPS),PWOF(MPS),SSPS(MPS))                                                 

      ALLOCATE (COOP(MNT),COTL(MNT),DKH(MNT),DKI(MNT),EFM(MNT),EMX&                  

      (MNT),FPOP(MNT),FRCP(MNT),FULU(MNT),HE(MNT),HMO(MNT),ORHI(MNT),RHT&            

      (MNT),RIN(MNT),RR(MNT),STIR(MNT),TIL(MNT),TLD(MNT))

      ALLOCATE (AEP(MNC),ALT(MNC),CAF(MNC),CKY(MNC),CNLV(MNC),&

      CNY(MNC),CSTS(MNC),CPY(MNC),DDM(MNC),DLAI(MNC),DMLA(MNC),&

      DMLX(MNC),EP(MNC),EXTC(MNC),FLT(MNC),FTO(MNC),GMHU(MNC),GRDD(MNC),&

      GRLV(MNC),GSI(MNC),HI(MNC),HMX(MNC),PHUX(MNC),PLAX(MNC),POPX(MNC),&

      PRYF(MNC),PRYG(MNC),PST(MNC),RBMD(MNC),RDMX(MNC),RLAD(MNC),&

      SDW(MNC),TBSC(MNC),TCPA(MNC),TCPY(MNC),TOPC(MNC),VPD2(MNC),&

      VPTH(MNC),WA(MNC),WAI(MNC),WAVP(MNC),WAX(MNC),WCY(MNC),WSYF(MNC),&

      WXYF(MNC),XDLAI(MNC),XMTU(MNC),YLD(MNC),YLX(MNC))

      ALLOCATE (ABD(MSA),AFLG(MSA),AGPM(MSA),ALGI(MSA),ALQ(MSA),ARMN&                     

      (MSA),ARMX(MSA),ARSD(MSA),BA1(MSA),BA2(MSA),BCOF(MSA),BCV(MSA),&

      BFFL(MSA),BFSN(MSA),BFT(MSA),BGWS(MSA),BIG(MSA),BIR(MSA),&

      BR1(MSA),BR2(MSA),BRSV(MSA),BSALA(MSA),BSNO(MSA),BSW(MSA),BTC(MSA),&

      BTCX(MSA),BTCZ(MSA),BTK(MSA),BTN(MSA),BTNX(MSA),BTNZ(MSA),&

      BTP(MSA),BTPX(MSA),BTPZ(MSA),BV1(MSA),BV2(MSA),BVIR(MSA),&

      CFNP(MSA),CHL(MSA),CHMX(MSA),CHN(MSA),CHS(MSA),CHXA(MSA),CHXP(MSA),&

      CLG(MSA),CN0(MSA),CN2(MSA),CNSX(MSA))

      ALLOCATE (COST(MSA),COWW(MSA),CPMX(MSA),CST1(MSA),CV(MSA),CVF(MSA),&

      CVP(MSA),CVRS(MSA),CYAV(MSA),CYMX(MSA),CYSD(MSA),DALG(MSA),DDLG&

      (MSA),DEPC(MSA),DHT(MSA),DKIN(MSA),DKHL(MSA),DRT(MSA),DST0(MSA),&

      DWOC(MSA),EFI(MSA),EK(MSA),EM10(MSA),EVRS(MSA),EVRT(MSA),FBAR(MSA),&

      FBM(MSA),FCMN(MSA),FCMP(MSA),FDSF(MSA),FFC(MSA),FFPQ(MSA),FGC(MSA),&

      FGSL(MSA),FHP(MSA),FIRG(MSA),FPF(MSA),FPSC(MSA),FSFN(MSA),&

      FSFP(MSA),GMA(MSA),GRDL(MSA),GWE0(MSA),GWEL(MSA),GWSN(MSA),&

      GWST(MSA),GWMX(MSA),GZRF(MSA),HCLD(MSA),HCLN(MSA),HLMN(MSA),&

      HR0(MSA),HSM(MSA),OCPD(MSA))

      ALLOCATE (OMAP(MSA),ORSD(MSA),PAW(MSA),PCOF(MSA),PDAW(MSA),PDPL&

      (MSA),PDPL0(MSA),PDPLC(MSA),PDPLX(MSA),PDSKC(MSA),PDSW(MSA),&

      PEC(MSA),PMX(MSA),PM10(MSA),PRSD(MSA),PSTF(MSA),PSTM(MSA),PSTS(MSA),&

      QCAP(MSA),QRBQ(MSA),QRQB(MSA),RCBW(MSA),RCF(MSA),RCHC(MSA),&

      RCHD(MSA),RCHK(MSA),RCHL(MSA),RCHN(MSA),RCHS(MSA),RCHX(MSA),&

      RCSS(MSA),RCTW(MSA),REPI(MSA),RFPK(MSA),RFPL(MSA),RFPS(MSA),&

      RFPW(MSA),RFPX(MSA),RFQN(MSA),RFTT(MSA),RFV(MSA),RFV0(MSA),&

      RHD(MSA),RHTT(MSA))

      ALLOCATE (RINT(MSA),RLF(MSA),RMXS(MSA),ROSP(MSA),RRUF(MSA),RSAE&

      (MSA),RSAP(MSA),RSBD(MSA),RSDP(MSA),RSEE(MSA),RSEP(MSA),RSF(MSA),&

      RSHC(MSA),RSK(MSA),RSLK(MSA),RSOC(MSA),RSON(MSA),RSOP(MSA),RSO3&

      (MSA),RSRR(MSA),RSSA(MSA),RSSP(MSA),RST0(MSA),RSV(MSA),RSVB(MSA),&

      RSVE(MSA),RSVF(MSA),RSVP(MSA),RSPK(MSA),RSYB(MSA),RSYF(MSA),&

      RSYN(MSA),RSYS(MSA),RVE0(MSA),RVP0(MSA),RZ(MSA),RZSW(MSA),&

      SALA(MSA),SALB(MSA),SAMA(MSA),SATK(MSA),SCI(MSA),&

      SCNX(MSA),SDVR(MSA),SLF(MSA),SLT0(MSA),SLTX(MSA),SMAS(MSA),&

      SMEO(MSA),SMFN(MSA),SMFU(MSA),SMKS(MSA),SMLA(MSA),SMMU(MSA),&

      SMNS(MSA),SMNU(MSA),SMPL(MSA),SMPQ(MSA),SMPS(MSA),SMPY(MSA),&

      SMRF(MSA),SMSS(MSA),SMST(MSA),SMTS(MSA),SMWS(MSA),SMX(MSA),&

      SMY1(MSA),SMY2(MSA),SNO(MSA),SOLQ(MSA),SPFD(MSA),SPLG(MSA),&

      SRAD(MSA),SRSD(MSA),SSFI(MSA),SSIN(MSA),SSW(MSA))

      ALLOCATE (ST0(MSA),STDO(MSA),STDOK(MSA),STDON(MSA),STDOP(MSA),&

      STKR(MSA),STLT(MSA),STP(MSA),SW(MSA),&

      SWLT(MSA),S3(MSA),TAGP(MSA),TCC(MSA),TCS(MSA),TFLG(MSA),THK(MSA),&

      TILG(MSA),TKR(MSA),TLMF(MSA),TMN(MSA),TMX(MSA),TNOR(MSA),TOC(MSA),&

      TPSF(MSA),TRSD(MSA),TSLA(MSA),TSMY(MSA),TSNO(MSA),TVGF(MSA),&

      TYK(MSA),TYN(MSA))

      ALLOCATE (TYP(MSA),U10(MSA),UB1(MSA),UOB(MSA),UPSX(MSA),URBF(MSA),&

      USL(MSA),VAC(MSA),VALF1(MSA),VAP(MSA),VCHA(MSA),VCHB(MSA),VFPA(MSA),&

      VFPB(MSA),VIMX(MSA),VIRT(MSA),VLG(MSA),VLGB(MSA),VLGI(MSA),&

      VLGM(MSA),VLGN(MSA),VPU(MSA),VRSE(MSA),VSK(MSA),VSLT(MSA),WDRM(MSA))

      ALLOCATE (WK(MSA),WS(MSA),WSA(MSA),WSX(MSA),WTMB(MSA),WTBL(MSA),&                   

      WTMN(MSA),WTMU(MSA),WTMX(MSA),XCT(MSA),XHSM(MSA),XIDK(MSA),XIDS&               

      (MSA),XMAP(MSA),XNS(MSA),XRFI(MSA),YCT(MSA),YLC(MSA),YLS(MSA),&

      YTN(MSA),YTX(MSA),ZBMC(MSA),ZBMN(MSA),ZCO(MSA),ZCOB(MSA),ZEK(MSA),&

      ZFK(MSA),ZFOP(MSA),ZHPC(MSA),ZHPN(MSA),ZHSC(MSA),ZHSN(MSA),ZLM(MSA),&

      ZLMC(MSA),ZLMN(MSA),ZLS(MSA),ZLSC(MSA),ZLSL(MSA),ZLSLC(MSA),&

      ZLSLNC(MSA),ZLSN(MSA),ZNH3(MSA),ZNO3(MSA),ZNMU(MSA),ZNOA(MSA),&

      ZNOS(MSA),ZNOU(MSA),ZOC(MSA),ZON(MSA),ZPMA(MSA),ZPML(MSA),ZPMS(MSA),&

      ZPMU(MSA),ZPO(MSA),ZPOU(MSA),ZSK(MSA),ZSLT(MSA),ZTP(MSA))                                             

	  ALLOCATE (CPVH(MHY),DPMT(MHY),DRAV(MHY),ERAV(MHY),HYDV(MHY),RCTC&                   

      (MHY),PRAV(MHY),PRB(MHY),PSZM(MHY),QC(MHY),QDR(MHY),QDRN(MHY),&             

      QDRP(MHY),QN(MHY),QP(MHY),QPR(MHY),QPU(MHY),QRF(MHY),QRFN(MHY),&

      QRFP(MHY),QRP(MHY),QURB(MHY),QVOL(MHY),RQRB(MHY),RSFN(MHY),RSSF&

      (MHY),RWSA(MHY),SHYD(MHY),SMIO(MHY),SMQN(MHY),SMYN(MHY),SQC(MHY),&

      SQN(MHY),SQP(MHY),SQVL(MHY),SSN(MHY),SST(MHY),STY(MHY),SYC(MHY),&

      SYN(MHY),SYP(MHY),TC(MHY),TCAV(MHY),TCMN(MHY),TCMX(MHY),TSFK(MHY),&

      TSFN(MHY),VAQN(MHY),VAQP(MHY),VAYN(MHY),VAYP(MHY),VQC(MHY),&

      VSSN(MHY),VYC(MHY),WYLD(MHY),YC(MHY),YCOU(MHY),YCWN(MHY),&

      YMNU(MHY),YN(MHY),YNOU(MHY),YNWN(MHY),YP(MHY),YPM(MHY),YPOU(MHY),&

      YPWN(MHY),YW(MHY))

      ALLOCATE (PSO3(MPO),PSON(MPO),PSOP(MPO),PSOQ(MPO),PSOY(MPO),PQPS&

      (MPO),PSSP(MPO),PYPS(MPO))

      ALLOCATE (QGA(MHP),RFDT(MHP),VARW(NSM))

      ALLOCATE (EO5(30,MSA),RF5(30,MSA),SCFS(30,MSA),XMS(30,MSA),ASW(12,&

      MSA),CX(12,MSA),QIN(12,MSA),SET(12,MSA),SRD(12,MSA),SRMX(12,MSA),&

      TAMX(12,MSA),TCN(12,MSA),TCVF(12,MSA),TEI(12,MSA),TET(12,MSA),THRL&

      (12,MSA),TQ(12,MSA),TR(12,MSA),TRHT(12,MSA),TSN(12,MSA),TSR(12,MSA),&

      TSY(12,MSA),TXMX(12,MSA),TXMN(12,MSA),TQN(12,MSA),TQP(12,MSA),TQPU&

      (12,MSA),TYON(12,MSA),TYTP(12,MSA),TYW(12,MSA),CNSC(2,MSA))

      ALLOCATE (ALS(MSL,MSA),BD(MSL,MSA),BDD(MSL,MSA),BDM(MSL,MSA),BDP&              

      (MSL,MSA),BPT(MSL,MSA),CAC(MSL,MSA),CBN(MSL,MSA),&

      CDG(MSL,MSA),CEC(MSL,MSA),CLA(MSL,MSA),CNDS(MSL,MSA),CNRT(MSL,MSA),&

      CPRH(MSL,MSA),CPRV(MSL,MSA),DHN(MSL,MSA),ECND(MSL,MSA),&

      EQKE(MSL,MSA),EQKS(MSL,MSA),EXCK(MSL,MSA),FE26(MSL,MSA),&

      FIXK(MSL,MSA),FOP(MSL,MSA),HCL(MSL,MSA),PH(MSL,MSA),PO(MSL,MSA),&

      PSP(MSL,MSA),RNMN(MSL,MSA),ROK(MSL,MSA),RSD(MSL,MSA),RSDM(MSL,MSA),&

      SAN(MSL,MSA),SATC(MSL,MSA),SEV(MSL,MSA),SIL(MSL,MSA),SMB(MSL,MSA),&

      SULF(MSL,MSA),SUT(MSL,MSA))

      ALLOCATE (SWST(MSL,MSA),STFR(MSL,MSA),STMP(MSL,MSA),VNO3(MSL,MSA),&

      WBMN(MSL,MSA),WCMU(MSL,MSA),WCOU(MSL,MSA),WHPC(MSL,MSA),&

      WHPN(MSL,MSA),WHSC(MSL,MSA),WHSN(MSL,MSA),WKMU(MSL,MSA),&

      WLM(MSL,MSA),WLMC(MSL,MSA),WLMN(MSL,MSA),WLS(MSL,MSA),WLSC(MSL,MSA),&

      WLSL(MSL,MSA),WLSLC(MSL,MSA),WLSLNC(MSL,MSA),WLSN(MSL,MSA),&

      WNMU(MSL,MSA),WNOU(MSL,MSA),WOC(MSL,MSA),WON(MSL,MSA),WPMA(MSL,MSA),&

      WPMS(MSL,MSA),WPMU(MSL,MSA),WPO(MSL,MSA),WPOU(MSL,MSA),&

      WSLT(MSL,MSA),WT(MSL,MSA),Z(MSL,MSA),fc(msl,msa),s15(msl,msa),&    ! FC, S15 moved from MSC to MSL to avoid problem with different array size in AINTRI - Luca Doro 20190819

      xgo2(msl,msa),xgco2(msl,msa),xgn2o(msl,msa))    ! xgo2, xgco2, and xgn2o moved from MAIN - Luca Doro 20190827                                                   

      ALLOCATE (ACET(MNC,MSA),AJH1(MNC,MSA),AJHI(MNC,MSA),AWC(MNC,MSA),&

      CAW(MNC,MSA),CNT(MNC,MSA),CPHT(MNC,MSA),CSTF(MNC,MSA),DM(MNC,MSA),&

      DMF(MNC,MSA),DM1(MNC,MSA),ETG(MNC,MSA),FRTK(MNC,MSA),FRTN(MNC,MSA),&

      FRTP(MNC,MSA),HU(MNC,MSA),HUF(MNC,MSA),HUI(MNC,MSA),PPL0(MNC,MSA),&

      RD(MNC,MSA),RDF(MNC,MSA),REG(MNC,MSA),RW(MNC,MSA),SLAI(MNC,MSA),&

      SLA0(MNC,MSA),SRA(MNC,MSA),STD(MNC,MSA),STDK(MNC,MSA),&

      STDL(MNC,MSA),STDN(MNC,MSA))

      ALLOCATE (STDP(MNC,MSA),STL(MNC,MSA),SWH(MNC,MSA),SWP(MNC,MSA),TCAW&

      (MNC,MSA),TDM(MNC,MSA),TETG(MNC,MSA),TFTK(MNC,MSA),TFTN(MNC,MSA),&

      TFTP(MNC,MSA),THU(MNC,MSA),TRA(MNC,MSA),TRD(MNC,MSA),TVIR(MNC,MSA),&

      TYL1(MNC,MSA),TYL2(MNC,MSA),TYLK(MNC,MSA),TYLN(MNC,MSA),&

      TYLP(MNC,MSA),UK1(MNC,MSA),UNA(MNC,MSA),UN1(MNC,MSA),UP1(MNC,MSA),&

      VIR(MNC,MSA),WCHT(MNC,MSA),WLV(MNC,MSA),XLAI(MNC,MSA),&

      XDLA0(MNC,MSA),YLD1(MNC,MSA),YLD2(MNC,MSA),YLKF(MNC,MSA),&

      YLNF(MNC,MSA),YLPF(MNC,MSA))

      ALLOCATE(ACO2C(MSC,MSA),AFP(MSC,MSA),AN2OC(MSC,MSA),AO2C(MSC,MSA),&

      CGCO2(MSC,MSA),CGN2O(MSC,MSA),CGO2(MSC,MSA),CLCO2(MSC,MSA),CLN2O&

      (MSC,MSA),CLO2(MSC,MSA),DCO2GEN(MSC,MSA),DN2G(MSC,MSA),&

      DN2OG(MSC,MSA),DO2CONS(MSC,MSA),DPRC(MSC,MSA),DPRN(MSC,MSA),&

      DPRO(MSC,MSA),DRWX(MSC,MSA),EAR(MSC,MSA),&!FC(MSC,MSA),&    ! FC moved to MSL - Luca Doro

      HKPC(MSC,MSA),HKPN(MSC,MSA),HKPO(MSC,MSA))

      ALLOCATE(RSPC(MSC,MSA),RWTZ(MSC,MSA),SADST(MSA,MSA),&!S15(MSC,MSA),&    S15 moved to MSL - Luca Doro

      SMEA(MSC,MSA),SMES(MSC,MSA),SOLK(MSC,MSA),SOT(MSC,MSA),&

      SSFCO2(MSC,MSA),SSFN2O(MSC,MSA),SSFO2(MSC,MSA),TPOR(MSC,MSA),&

      VCO2(MSC,MSA),VGA(MSC,MSA),VGN(MSC,MSA),VN2O(MSC,MSA),&

      VO2(MSC,MSA),VFC(MSC,MSA),VWC(MSC,MSA),VWP(MSC,MSA),WBMC(MSC,MSA),&

      WCO2G(MSC,MSA),WCO2L(MSC,MSA),WN2O(MSC,MSA),WN2OG(MSC,MSA),&

      WN2OL(MSC,MSA),WNO2(MSC,MSA),WNH3(MSC,MSA),WNO3(MSC,MSA),&

      WO2G(MSC,MSA),WO2L(MSC,MSA),WPML(MSC,MSA),XN2O(MSC,MSA),&

      ZC(MSC,MSA))    

      ALLOCATE (YHY(MHP,MHY),SMH(NSH,MHY),SMYH(NSH,MHY),VARH(NSH,MHY),&

      QPST(MPS,MHY),RSPS(MPS,MHY),TSPS(MPS,MHY),YPST(MPS,MHY),&

      SRCH(27,MHY),CPFH(MSL,MHY),QSF(MSL,MHY),SSF(MSL,MHY),SM(NSM,MSA),&

      SMUA(NSM,MSA),SMY(NSM,MSA),SMYUA(NSM,MSA),VAR(NSM,MSA),&

      VARUA(NSM,MSA),CTSA(100,MSA),VQ(90,MHY),VY(90,MHY),GWPS(MPS,MSA),&

      PFOL(MPS,MSA),ANA(MRO,MSA),FNMX(MRO,MSA),GCOW(MHD,MSA),&

      GZLM(MHD,MSA),DUMP(MHD,MOW),FFED(MHD,MOW),GZRT(MHD,MOW),&

      VURN(MHD,MOW),PPX(13,MSA),YSD(6,MHY),PCT(5,MHY),PCTH(5,MHY),&

      SQB(5,MHY),SYB(5,MHY),FNP(5,MSA),SMYRP(5,MPS),BK(4,MNC),BN(4,MNC),&

      BP(4,MNC),BLG(3,MNC),BWN(3,MNC),DLAP(2,MNC),FRST(2,MNC),&

      PPCF(2,MNC),PPLP(2,MNC),RWPC(2,MNC),STX(2,MNC),WAC2(2,MNC),PPLP_MAX(MNC))    

      ALLOCATE (CND(MRO,MNT,MSA),FIRX(MRO,MNT,MSA),PHU(MNC,MRO,MSA),&

      POP(MNC,MRO,MSA),PPLA(MNC,MRO,MSA),PSTE(MRO,MPS,MSA),&

      PSSF(MPS,MSL,MSA),PSTR(MRO,MPS,MSA),PSTZ(MPS,MSL,MSA),&

      PVQ(MPS,90,MHY),PVY(MPS,90,MHY),QIR(MRO,MNT,MSA),&

      RSTK(MRO,MNT,MSA),SMAP(13,MPS,MHY),SMM(NSM,12,MSA),&

      SMMUA(NSM,12,MSA),SMMH(NSH,12,MHY),SMMRP(5,MPS,12),SMRP(5,MPS,12),&

      SMS(11,ML1,MSA),SMYP(13,MPS,MHY),SOL(23,MSL,MSA),STV(20,12,MSA),&

      TIR(MRO,MNT,MSA),VARC(17,MNC,MSA),VARP(12,MPS,MHY),&

      VIRR(MRO,MNT,MSA),WFA(MRO,MNT,MSA),WMUCH(MRO,MNT,MSA))

      !SPQ(5,20,MHY),SPQC(5,20,MHY),SPY(5,20,MHY)

      ALLOCATE (TSFC(7,MNC,MSA),SOIL(17,MSL,MSA),HUSC(MRO,MNT,MSA),RWT(MSL,&

      MNC,MSA),STDA(4,MNC,MSA),SFCP(7,MNC,MSA),SFMO(7,MNC,MSA),&

      XZP(13,ML1,MSA),QHY(NPD,MHY,MHX))

      ALLOCATE (SMMP(20,MPS,13,MHY),SMMC(17,MNC,12,MSA))

      !PADDY MODELING JAEHAK JEONG 2016

      ALLOCATE(SUB_D50(MSA),PADDY_STO(10,MSA),PADDY_OUT(10,MSA),PADDY_HWEIR(MSA),PADDY_HMIN(MSA))

      ALLOCATE(HWEIR(MRO,MNT,MSA),LWEIR(MRO,MNT,MSA),PADDY_LWEIR(MSA),HMIN_IRR(MRO,MNT,MSA))

      ALLOCATE(KRST(MSA))

      !Richards percolation J Jeong 2020

      ALLOCATE(vgSat(MSC,MSA),vgRes(MSC,MSA))

      RETURN                                                                         

      END                                                                            

                                                                                     








src/ALPYR.f90

      SUBROUTINE ALPYR(IYR,NYD,LPYR)

!     APEX1501

      NYD=1

      IF(MOD(IYR,100)/=0)THEN

          IF(MOD(IYR,4)/=0)RETURN

      ELSE

          IF(MOD(IYR,400)/=0)RETURN

      END IF

      NYD=LPYR

      RETURN 

      END






src/APAGE.f90

      SUBROUTINE APAGE(IP)

!     APEX1501

!     THIS SUBPROGRAM CHANGES PAGES, WRITES VERSION, DATE, & TITLE

      USE PARM

      IF(KFL(1)>0)THEN

          WRITE(KW(1),1)IYER,IMON,IDAY,IT1,IT2,IT3

          WRITE(KW(1),5)IRUN

          WRITE(KW(1),2)TITLE

          IF(IP==0)RETURN

          WRITE(KW(1),4)SITEFILE

          WRITE(KW(1),4)SAFILE

          IF(NGN>0)WRITE(KW(1),4)FWTH(IRF(ISA))

          WRITE(KW(1),4)TITSO(ISA)

          WRITE(KW(1),4)TITOP(ISA)

	      IF(IPTS(ISA)>0)WRITE(KW(1),4)FPSO(IPTS(ISA))

          WRITE(KW(1),3)ISA,NBSA(ISA)

      END IF    

      RETURN

    1 FORMAT('1'/T5,'APEX1501 v20230913',2X,3I4,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

    2 FORMAT(10X,20A4)

    3 FORMAT(10X,'SA#= ',I8,1X,'ID= ',I8)

    4 FORMAT(10X,A80)

    5 FORMAT(10X,'RUN # ',I4)

      END






src/APRNTD.f90

      SUBROUTINE APRNTD

      ! APEX1501                                                                       

      ! THIS SUBPROGRAM PRINTS DAILY IN THE .OUT FILE

      USE PARM         

      WRITE(KW(1),1090)ISA,NBSA(ISA),IYR,MO,KDA,(HED(KD(K)),VAR(KD(K),&

      ISA),K=1,NKD)

      WRITE(KW(1),1201)(HEDS(KS(K)),VARS(KS(K)),K=1,NKS)

      WRITE(KW(1),1201)((HEDC(K),VARC(K,LY(IRO(ISA),J,ISA),ISA),K=1,16),&

      J=1,NCP(IRO(ISA),ISA))

!     WRITE(KW(1),1200)(LID(K,ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'Z',(Z(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'ST',(SWST(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'S15',(S15(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'FC',(FC(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'PO',(PO(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'BD',(BD(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WT',(WT(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SAN',(SAN(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SIL',(SIL(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'ROK',(ROK(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'HK',(HK(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WNO3',(WNO3(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WNH3',(WNH3(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPML',(WPML(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPMA',(WPMA(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPMS',(WPMS(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'RWT',(RWT(LID(K,ISA),JJK,ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SSO3',(SSO3(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'U',(U(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SEV',(SEV(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'O',(O(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'SSF',(SSF(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'UN',(UN(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'UP',(UP(LID(K,ISA)),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'WPO',(WPO(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'FOP',(FOP(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1040)'RSD',(RSD(LID(K,ISA),ISA),K=1,NBSL(ISA))

!     WRITE(KW(1),1110)ISA,NBSA(ISA),IYR,MO,KDA,(STMP(LID(K,ISA),ISA),

!     K=1,NBSL(ISA)),DD,DST0(ISA)

      RETURN

 1090 FORMAT(/1X,2I8,1X,I4,2I2,2X,5(1X,A4,F8.2)/(19X,5(1X,A4,F8.2)))

 1201 FORMAT((19X,5(1X,A4,F8.2)))      

      END






src/ARALT.f90

      FUNCTION ARALT(X,DRV)

!     APEX1501

!     THIS SUBPROGRAM INTERPOLATES MONTHLY VALUES OF DAYLIGHT HOURS AND

!     MAXIMUM SOLAR RADIATION TO PROVIDE DAILY VALUES.

      USE PARM

      DIMENSION X(12)

      M1=MO+1

      N2=NC(M1)

      IF(MO==2)N2=N2-NYD

      N1=NC(MO)

      X1=JDA-N1

      X2=N2-N1

      RTO=X1/X2

      IF(M1==13)M1=1

      XX=X(M1)-X(MO)

      DRV=XX/X2

      ARALT=XX*RTO+X(MO)

      RETURN

      END






src/ARESET.f90

      SUBROUTINE ARESET 

!     APEX1501

!     THIS SUBPROGRAM RESETS VARIABLES TO INITIAL VALUES FOR MULTI RUNS.

      USE PARM

      IHRL=0

      NWDA=0

      LW=1

!     IYR=IYR0

      NWPD=0

      SHYD=0.

      SQVL=0.

      SRMX=0.

      THRL=0.

      YLK=0.

      YLN=0.

      YLP=0.

      DO J=1,NRN0

          IX(J)=IX0(J)

      END DO

      XIM=0.

      V3=AUNIF(IDG(3))

      V1=AUNIF(IDG(2))

      JCN=0

      JCN0=0

      JCN1=0

      CST1=0.

      VALF1=0.

      PRSD=0.

      QRQB=0.

      QRBQ=0.

      TCPA=0.

      TCPY=0.

      TLMF=0.

      TYK=0.

      TYN=0.

      TYP=0.

      CYAV=0.

      CYSD=0.

      CYMX=0.

      FPF=0.

      SSFI=0.

      TR=0.

      TSN=0.

      TSY=0.

      TVGF=0.

      TYW=0.

      TQ=0.

      TCN=0.

      TYON=0.

      TYTP=0.

      TQP=0.

      TQN=0.

      TXMX=0.

      TXMN=0.

      TAMX=0.

      TSR=0.

      TCVF=0.

      CX=1.E-10

      TEI=0.

      SET=0.

      TET=0.

      ASW=0.

      SRD=0.

      QIN=0.

      TRHT=0.

      NYLN=0

      STV=0.

      IF(NDP>0)THEN

          VQ=0.

          VY=0.

          SQB=0.

          SYB=0.

          !SPQ=0.

          !SPY=0.

          APQ=0.

          APY=0.

          AQB=0.

          AYB=0.

          PVY=0.

          PVQ=0.

          SMAP=0.

          SMYP=0.

          SMMP=0.

      END IF

      NCR=0

      ACET=0.

      TYL1=0.

      TYL2=0.

      TYLK=0.

      TYLN=0.

      TYLP=0.

      TETG=0.

      TCAW=0.

      TDM=0.

      TRA=0.

      THU=0.

      TRD=0.

      TSFC=0.

      STDA=0.

      DO ISA=1,MSA

          DO I=1,NBSL(ISA)

              J=LID(I,ISA)

              SOL(1,J,ISA)=WPMA(J,ISA)

              SOL(2,J,ISA)=WON(J,ISA)

              SOL(4,J,ISA)=WPO(J,ISA)

              SOL(5,J,ISA)=WPMS(J,ISA)

              SOL(7,J,ISA)=WOC(J,ISA)

          END DO

      END DO

      IHT=0

      CNDS=0.

      NQRB=0

      PRAV=0.

      PRB=0.

      DRAV=0.

      ERAV=0.

      DPMT=0.

      TCMX=0.

      TCMN=100.

      TCAV=0.

      IF(NDP/=0)THEN

          SMYRP=0.

          SMMRP=0.

          SMRP=0.

      END IF

      TSFN=0.

      TSFK=0.

      QRFN=0.

      SRCH=0.

      SM=0.

      SMY=0.

      SMM=0.

      SMYR=0.

      SMMR=0.

      SMR=0.

      TSPS=0.

      VARP=0.

      RETURN

      END






src/ASCRV.f90

      SUBROUTINE ASCRV(X1,X2,X3,X4,SCLM,I,KWX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES S CURVE PARMS GIVEN 2(X,Y)POINTS.

      DIMENSION SCLM(38)

      XX=LOG(X3/X1-X3)

      X2=(XX-LOG(X4/X2-X4))/(X4-X3)

      X1=XX+X3*X2

      X=X4

      IF(X2<0.)THEN

          DO IT=1,20

              Y1=X1*EXP(-X2*X)

              FU=X+Y1-X*(1.-X2*Y1)

              IF(ABS(FU)<.001)EXIT

              DFDX=-X2*X2*X*Y1

              DF=FU/DFDX

              XX=ABS(DF)

              X5=.5*X

              IF(XX>X5)DF=X5*XX/DF

              X=X-DF

          END DO

          IF(IT>20)WRITE(KWX,'(5X,A)')'S-CURVE LIMIT NOT CONVERGE'

          SCLM(I)=X

          WRITE(KWX,'(5X,A,I4,4E12.5)')'!!!!!',IT,X1,X2,X,FU

      ELSE

          SCLM(I)=0.

      END IF    

      RETURN

      END






src/ASORT1.f90

      SUBROUTINE ASORT1(X,NX,M)

!     THIS SUBPROGRAM SORTS REAL NUMBERS INTO DECENDING ORDER USING

!     RIPPLE SORT

      DIMENSION X(M),NX(M)

      NB=M-1

      J=M

      DO I=1,NB

          J=J-1

          MK=0

          DO K=1,J

              KP1=K+1

              IF(X(NX(K))>=X(NX(KP1)))CYCLE

              N1=NX(KP1)

              NX(KP1)=NX(K)

              NX(K)=N1

              MK=1

          END DO

          IF(MK==0)RETURN

      END DO

      RETURN

      END






src/ASORT3.f90

      SUBROUTINE ASORT3(D,NX,M1)

!     SHELL SORT

      DIMENSION D(M1),NX(M1)

      M=1

      DO

          IF((2**M)>M1)EXIT

          M=M+1

      END DO

      M=M-1

      M=2**M

      DO

          K=M1-M

          DO I=1,K

              DO J=I,1,-M

                  IF(D(NX(J+M))>=D(NX(J)))EXIT

                  N1=NX(J)

                  NX(J)=NX(J+M)

                  NX(J+M)=N1

              END DO

          END DO

          M=M/2

          IF(M<=0)EXIT

      END DO

      RETURN

      END






src/ASORTI.f90

      SUBROUTINE ASORTI(NX,NY,M)

!     APEX1501

!     THIS SUBPROGRAM SORTS INTEGERS INTO ASCENDING ORDER USING

!     RIPPLE SORT

      DIMENSION NX(M),NY(M)

      NB=M-1

      J=M

      DO I=1,NB

          J=J-1

          MK=0

          DO K=1,J

              K1=K+1

              IF(NX(NY(K))<=NX(NY(K1)))CYCLE

              N1=NY(K1)

              NY(K1)=NY(K)

              NY(K)=N1

              MK=1

          END DO

          IF(MK==0)RETURN

      END DO

      RETURN

      END






src/ASPLT.f90

      FUNCTION ASPLT(XX)

!     APEX1501

!     THIS SUBPROGRAM SPLITS DUAL PURPOSE REAL INPUT VARIABLES.

      ASPLT=AINT(XX)

      XX=XX-ASPLT

      RETURN

      END






src/ASVP.f90

      FUNCTION ASVP(TK)

!     THIS SUBPROGRAM COMPUTES THE SATURATION VAPOR PRESSURE GIVEN 

!     TEMPERATURE.

      ASVP=.1*EXP(54.879-5.029*LOG(TK)-6790.5/TK)

	  RETURN

	  END






src/ATIMER.f90

      SUBROUTINE ATIMER(ITR)

!     APEX1501

!     THIS SUBPROGRAM SETS DATE AND TIME FOR OUTPUT AND CALCULATES

!     ELAPSED TIME.

      USE PARM 

      INTEGER :: values(8)

      IF(ITR==0)THEN

          CALL DATE_AND_TIME(VALUES=values)

          IYER = values(1)

          IMON = values(2)

          IDAY = values(3)

          IT1 = values(5)

          IT2 = values(6)

          IT3 = values(7)

          I100 = values(8)

          RETURN

      END IF

      CALL DATE_AND_TIME(VALUES=values)

      IY = values(1)

      MO = values(2)

      IDA = values(3)

      IEH = values(5)

      IEM = values(6)

      IES = values(7)

      I100 = values(8)

      CALL ALPYR(IY,NYD,LPYR)

      CALL ADAJ(NC,IEDT,MO,IDA,NYD)

      CALL ALPYR(IYER,NYD,LPYR)

      CALL ADAJ(NC,IBDX,IMON,IDAY,NYD)

      I1=86400*((IY-IYER)*(366-NYD)+IEDT-IBDX)

      IBT=IT1*3600+IT2*60+IT3

      IEX=IEH*3600+IEM*60+IES

      WRITE(KW(1),5000)IT1,IT2,IT3

      WRITE(KW(1),5100)IEH,IEM,IES

      WRITE(KW(1),5200)

      II=I1+IEX-IBT

      ITS=MOD(II,60)

      II=(II-ITS)/60

      ITM=MOD(II,60)

      ITH=(II-ITM)/60

      WRITE(KW(1),5320)ITH,ITM,ITS

      RETURN

 5000 FORMAT(10X,'BEGINNING TIME: ',I2,2(':',I2))

 5100 FORMAT(10X,'ENDING    TIME: ',I2,2(':',I2))

 5200 FORMAT(10X,'----------------------------')

 5320 FORMAT(10X,'TOTAL RUN TIME: ',I2,2(':',I2))

      END






src/ATRI.f90

      FUNCTION ATRI(BLM,QMN,UPLM,KK)

!     APEX1501

!     THIS SUBPROGRAM GENERATES NUMBERS FROM A TRIANGULAR DISTRIBUTION

!     GIVEN X AXIS POINTS AT START & END AND PEAK Y VALUE.

      USE PARM

      U3=QMN-BLM

      RN=AUNIF(IDG(KK))

	  IF(RN>=1.)THEN

	      ATRI=1.

	  ELSE

	      Y=2./(UPLM-BLM)

          B2=UPLM-QMN

          B1=RN/Y

          X1=Y*U3/2.

          IF(RN>X1)THEN

              ATRI=UPLM-SQRT(B2*B2-2.*B2*(B1-.5*U3))

          ELSE

              ATRI=SQRT(2.*B1*U3)+BLM

          END IF

      END IF

      IF(KK==7.OR.KK==4)THEN

          AMN=(UPLM+QMN+BLM)/3.

          ATRI=ATRI*QMN/AMN

          IF(ATRI>=1.)ATRI=.99

      END IF

      RETURN

      END






src/ATRIDIAG.f90

      SUBROUTINE ATRIDIAG(B,D,A,C,N)

      ! APEX1501

      ! SUBPROGRAM ATRIDIAG USES THE THOMAS ALHORITHM

      ! D()...SOLUTION RETURNED AS C()

      ! B()...BELOW DIAGONAL ELEMENTS

      ! D()...DIAGONAL ELEMENTS

      ! A()...ABOVE DIAGONAL ELEMENTS

      ! C()...RIGHT HAND SIDE

      DIMENSION A(N),B(N),C(N),D(N)

      ! FORWARD ELIMINATION

      DO I=2,N

          R=B(I)/D(I-1)

          D(I)=D(I)-R*A(I-1)

          C(I)=C(I)-R*C(I-1)

      END DO

      ! BACK SUBSTITUTION

      C(N)=C(N)/D(N)

      DO I=2,N

          J=N-I+1

          C(J)=(C(J)-A(J)*C(J+1))/D(J)

      END DO           

      RETURN

      END






src/AUAC.f90

      SUBROUTINE AUAC(MY)

      ! APEX1501

      ! THIS SUBPROGRAM CONVERTS FROM MASS TO MASS/UNIT AREA

      USE PARM

      DO J=1,NSM                                                                     

          SELECT CASE(MASA(J))

              CASE(0)

                  X1=1.

              CASE(1)

                  X1=WSA(ISA)

              CASE(2)

                  X1=10.*WSA(ISA)

          END SELECT

          SELECT CASE(MY)

              CASE(0) ! DAILY

                  VARUA(J,ISA)=VAR(J,ISA)/X1

              CASE(1) ! MONTHLY

                  SMMUA(J,MO1,ISA)=SMM(J,MO1,ISA)/X1

                  !SMYUA(J,ISA)=SMY(J,ISA)/X1

              CASE(2) ! ANNUAL

                  SMYUA(J,ISA)=SMY(J,ISA)/X1

              CASE(3) ! TOTAL

                  SMUA(J,ISA)=SM(J,ISA)/X1

          END SELECT

      END DO

      RETURN

      END






src/AUNIF.f90

      FUNCTION AUNIF(J)

!     APEX1501

!     THIS SUBPROGRAM GENERATES UNIFORM RANDOM NUMBERS.

      USE PARM

      K=IX(J)/127773

      IX(J)=16807*(IX(J)-K*127773)-K*2836

      IF(IX(J)<0)IX(J)=IX(J)+2147483647

      AUNIF=IX(J)*4.656612875D-10

      RETURN

      END






src/AXMON.f90

      SUBROUTINE AXMON

!     APEX1501

!     THIS SUBPROGRAM DETERMINES THE MONTH, GIVEN THE DAY OF THE YEAR.

      USE PARM

      IF(JDA>NC(2))THEN

          M=MO

          DO MO=M,12

              M1=MO+1

              NDA=NC(M1)-NYD

              IF(JDA<=NDA)RETURN

          END DO

      END IF

      MO=1

      RETURN

      END






src/BSIM.f90

      SUBROUTINE BSIM                                                                

!     APEX1501                                                                       

!     THIS SUBPROGRAM DRIVES THE DAILY SIMULATION FOR THE ENTIRE WATER-              

!     SHED FOR USER SPECIFIED NUMBER OF YEARS. IT CALLS SUBAREA, ROUTING             

!     , ADDING, AND RESERVOIR COMPONENTS IN PROPER SEQUENCE. 

      USE PARM                                                                       

      USE HPERC2_INIT !J Jeong to add Richards equation 2017

      CHARACTER(4)::CMDN,HD28                                                                

      CHARACTER(2)::HDN                                                                                                                                      

      CHARACTER*7 HD30,HDG

      DIMENSION HDN(30),HD30(30),HDG(15),CMDN(5)

	  DIMENSION HD28(15,10)                                    

      DIMENSION KTP(7),MNST(7)                                                       

      DIMENSION ZTX(37),TDFP(MPS),TDRP(MPS),TDSP(MPS),&

      TLHP(MPS),TRFP(MPS),TSSP(MPS),XTX(14),YTP(13),ZTZ(6)

      DIMENSION XTMP(MPS,MHY)                   

      DATA MNST/1,2,3,4,5,6,7/,IIP/1/

      DATA YTP/13*0./

      DATA HD28/'  Z1','  Z2','  Z3','  Z4','  Z5','  Z6','  Z7','  Z8',&            

      '  Z9',' Z10',' Z11',' Z12',' Z13',' Z14',' Z15',' SW1',' SW2',&               

      ' SW3',' SW4',' SW5',' SW6',' SW7',' SW8',' SW9','SW10','SW11',&               

      'SW12','SW13','SW14','SW15',' WU1',' WU2',' WU3',' WU4',' WU5',&               

      ' WU6',' WU7',' WU8',' WU9','WU10','WU11','WU12','WU13','WU14',&               

      'WU15',' EV1',' EV2',' EV3',' EV4',' EV5',' EV6',' EV7',' EV8',&               

      ' EV9','EV10','EV11','EV12','EV13','EV14','EV15',' PK1',' PK2',&               

      ' PK3',' PK4',' PK5',' PK6',' PK7',' PK8',' PK9','PK10','PK11',&               

      'PK12','PK13','PK14','PK15',' SF1',' SF2',' SF3',' SF4',' SF5',&               

      ' SF6',' SF7',' SF8',' SF9','SF10','SF11','SF12','SF13','SF14',&               

      'SF15',' N31',' N32',' N33',' N34',' N35',' N36',' N37',' N38',&               

      ' N39','N310','N311','N312','N313','N314','N315',' UN1',' UN2',&               

      ' UN3',' UN4',' UN5',' UN6',' UN7',' UN8',' UN9','UN10','UN11',&               

      'UN12','UN13','UN14','UN15',' LN1',' LN2',' LN3',' LN4',' LN5',&               

      ' LN6',' LN7',' LN8',' LN9','LN10','LN11','LN12','LN13','LN14',&               

      'LN15','  T1','  T2','  T3','  T4','  T5','  T6','  T7','  T8',&               

      '  T9',' T10',' T11',' T12',' T13',' T14',' T15'/

      DATA HDG/'   GFO2','  GFCO2','  GFN2O','  DFO2S',' DBFO2B','  DFO2T',&

      '    QO2',' DFCO2S',' DFCO2B',' DFCO2T','   QCO2',' DFN2OS',' DFN2OB',&

      ' DFN2OT','   QN2O'/

      DATA HD30/'     ZC','    VWC','    AFP','   HKPO','   DPRO','   HKPC',&

      '   DPRC','   HKPN','   DPRN','   SMEA','   SMES','   WNH3','   WNO3',&

      '   WNO2','   WO2L','   WO2G','DO2CONS','  SSFO2','    VO2','  WCO2L',&

      '  WCO2G','DCO2GEN',' SSFCO2','   VCO2','  WN2OL','  WN2OG',' SSFN2O',&

      '   VN2O','  DN2OG','   DN2G'/

      DATA HDN/'1 ','2 ','3 ','4 ','5 ','6 ','7 ','8 ','9 ','10','11',&

      '12','13','14','15','16','17','18','19','20','21','22','23','24',&

      '25','26','27','28','29','30'/ 

      CMDN=(/'HYDV','ROUT','ADD ','RSRT','PDRT'/)

      RWSX=RWSA(NCMD)

      IF(NPSO>0)THEN

          DO I=1,NPSO

              II=I+LND

              DO J=1,6

                  READ(KR(II),'()')

              END DO

          END DO

      END IF

      IF(KFL(42)>0)WRITE(KW(42),731)HED(4),HED(10),HED(11),(HED(I),&                 

      I=13,20),(HEDS(I),I=6,8),((HD28(I,J),I=1,NBSL(ISA)),J=1,10)

      IF(KFL(41)>0)THEN

          WRITE(KW(41),'(T15,3(A,E16.6))')'XKN1=',XKN1,' XKN3=',XKN3,&

          ' XKN5=',XKN5                                            

          WRITE(KW(41),730)HED(4),((HD30(J),HDN(I),I=1,NBCL),&

          J=2,3),((HD30(J),HDN(I),I=1,NBCL),J=12,17),(HDG(I),'  ',I=4,7),&

          ((HD30(J),HDN(I),I=1,NBCL),J=18,22),(HDG(I),'  ',I=8,11),((HD30(J),&

          HDN(I),I=1,NBCL),J=23,26),(HDG(I),'  ',I=12,15),((HD30(J),HDN(I),&

          I=1,NBCL),J=27,30)

      END IF           

      IPSF=0.

      T2=0.

      SDEP=0.                                                                        

      SDEG=0.                                                                        

      DO IY=1,NBYR ! ANNUAL LOOP                                                               

          JDA=IBD

          JJ=IBD-1 

          IPF=0                                                                      

          IF(ICO2==1)THEN                                                                 

              IF(IYX<25)THEN                                                             

                  CO2=280.33                                                

              ELSE                                                                       

                  X1=IYX                                                                 

                  CO2=280.33-X1*(.1879-X1*.0077)                                         

              END IF                                                                     

          END IF                                                                         

          IF(IPD>2)THEN                                                                  

              IF(NOP/=0)THEN                                                             

                  CALL APAGE(0)                                                          

                  IF(KFL(1)>0)WRITE(KW(1),'(//T11,A,A)')'SA(# ID)   Y M D',&             

                  ' OPERATION'                                                           

              END IF                                                                     

          ELSE                                                                           

              CALL APAGE(0)                                                              

          END IF                                                                         

          ND=366-NYD                                                                     

          DO I=1,LC

              X1=CO2

              IF(SCLM(38)>0.)X1=MIN(CO2,SCLM(38))

     	      WA(I)=WAX(I)*X1/(X1+EXP(WAC2(1,I)-X1*WAC2(2,I)))+WAI(I)                          

          END DO                                                                         

          IF(KFL(1)>0)WRITE(KW(1),'(T10,A,F5.0)')'ATMOS CO2 = ',CO2                                  

          IPC=1                                                                          

          KOMP=0                                                                         

          DO ISA=1,MSA                                                                   

              KTMX(ISA)=1                                                                

              TFLG(ISA)=0.                                                               

              AFLG(ISA)=0.                                                               

              IRO(ISA)=IRO(ISA)+1                                                        

              IF(IRO(ISA)>NRO(ISA))IRO(ISA)=1

              IF(IGO(ISA)>NCP(IRO(ISA),ISA))THEN

                  IF(LY(IRO(ISA),1,ISA)==KGO(IGO(ISA),ISA))THEN

                      LY(IRO(ISA),IGO(ISA),ISA)=KGO(NCP(IRO(ISA),ISA),ISA)

                  ELSE

                      LY(IRO(ISA),IGO(ISA),ISA)=KGO(IGO(ISA),ISA)

                  END IF

                  NCP(IRO(ISA),ISA)=IGO(ISA)

              END IF

              DO I=1,LC                                                                  

                  IF(KGO(I,ISA)==0)THEN                                                 

                      JE(I,ISA)=MNC                                                           

                      CYCLE

                  ELSE    

                      DO J=1,NCP(IRO(ISA),ISA)                                               

                          IF(I==LY(IRO(ISA),J,ISA))EXIT                                      

                      END DO                                                                 

                      JE(J,ISA)=I

                      !KGO(J,ISA)=JE(J,ISA)

                      IF(IDC(I)==NDC(7).OR.IDC(I)==NDC(8))THEN

                          DO ISL=1,NBSL(ISA)

                              IF(CPRV(ISL,ISA)<1.E-10)CPRV(ISL,ISA)=CPV0

                              IF(CPRH(ISL,ISA)<1.E-10)CPRH(ISL,ISA)=CPH0

                          END DO 

                      END IF                                                                   

                  END IF    

              END DO

              IF(IPAT>0)THEN

		          IF(PDPLC(ISA)<20.)THEN

			          APMU=2.25*(30.-PDPLC(ISA))

			          JJK=LY(IRO(ISA),1,ISA)

	    	          IF(APMU>45.)CALL NFERT(APMU,7,IAUF(ISA),KT2,JRT)

                  END IF

	          END IF        

	          IF(IKAT>0)THEN

		          IF(PDSKC(ISA)<20.)THEN

			          APMU=2.25*(30.-PDSKC(ISA))

			          JJK=LY(IRO(ISA),1,ISA)

	    	          IF(APMU>45.)CALL NFERT(APMU,8,IAUF(ISA),KT2,JRT)

                  END IF

	          END IF                                                                     

              LD1=LID(1,ISA)                                                             

              ANA(IRO(ISA),ISA)=0.                                                       

              HSM(ISA)=0.                                                                

              X1=.2+.3*EXP(-.0256*SAN(LD1,ISA)*(1.-.01*SIL(LD1,ISA)))                    

              X2=(SIL(LD1,ISA)/(CLA(LD1,ISA)+SIL(LD1,ISA)))**.3                          

              X5=.1*WOC(LD1,ISA)/WT(LD1,ISA)                                             

              X3=1.-.25*X5/(X5+EXP(3.718-2.947*X5))                                      

              X4=1.-.01*SAN(LD1,ISA)                                                     

              X5=1.-.7*X4/(X4+EXP(-5.509+22.899*X4))                                     

              EK(ISA)=X1*X2*X3*X5                                                        

              USL(ISA)=EK(ISA)*SLF(ISA)*PEC(ISA)                                         

	          SUM=(SAN(LD1,ISA)*.0247-SIL(LD1,ISA)*3.65-CLA(LD1,ISA)*6.908)/&                 

              100.                                                                       

              DG=EXP(SUM)                                                                

              REK=9.811*(.0034+.0405*EXP(-.5*((LOG10(DG)+1.659)/.7101)**2))              

              RSK(ISA)=REK*PEC(ISA)*RSF(ISA)                                             

              RSLK(ISA)=RSK(ISA)*RLF(ISA)                                                

              CALL EWIK

              SAMA(ISA)=0.                                                               

              XMAP(ISA)=0.

              SELECT CASE(MNUL)                                                               

	              CASE(1)                                                                          

                      IF(PDPLC(ISA)<62.)THEN                                                 

                          XMAP(ISA)=2.*UPR                                                   

                          CYCLE                                                              

                      END IF                                                                 

                      IF(PDPLC(ISA)<120.)THEN                                                

                          XMAP(ISA)=1.5*UPR                                                  

                          CYCLE                                                              

                      END IF                                                                 

                      IF(PDPLC(ISA)<200.)THEN                                                

                          XMAP(ISA)=UPR                                                      

                          CYCLE                                                              

                      END IF

                  CASE(2)                                                                

	                  IF(PDPLC(ISA)<200.)CYCLE                                               

  	                  XMAP(ISA)=UNR                                                             

	                  CYCLE                                                                  

                  CASE(3)

                      IF(IAPL(ISA)<=0)CYCLE

                      IF(PDPLC(ISA)<200.)XMAP(ISA)=2.*UPR

	              CASE DEFAULT     

	          END SELECT                                                                

          END DO                                                                              

          NT1=0                                                                          

          WRITE(*,50)IY,NBYR                                                             

          DO IDA=IBD,ND ! DAILY LOOP

			        NTX=0                                                                          

              ISA=1                                                                          

              NOFL=40 

              NHY=0                                                                       

              IOF=1

              VARC=0.

              VNO3=0.

        !     SLAP=0.                                                                          

              CALL AICL                                                                      

              XDA=KDA                                                                        

              IPC=MAX(IPC,IDA)                                                               

              XDA1=31.-XDA                                                                   

              TSFN=0.;QRP=0.;SST=0.;YP=0.;YN=0.;YC=0.;QC=0.;YCOU=0.;YPOU=0.                       

              YNOU=0.;QN=0.;QP=0.;QPU=0.;QURB=0.;YMNU=0.;RQRB=0.;QVOL=0.                             

	          YSD=0.;QPST=0.;YPST=0.;TSFK=0.                                                              

  	          RFV=0.;CVF=0.;EVRT=0.

              VQC=0.

              VYC=0.

              VAQN=0.

              VAYN=0.

              VAQP=0.

              VAYP=0.

              VSST=0.

              RFQN=0.

              IF(NPSO>0)THEN                                                                      

	              DO I=1,NPSO

	                  IF(IPSF(I)>0)THEN

				          PSOQ(I)=0.

				          PSOY(I)=0.

				          PSON(I)=0.

				          PSOP(I)=0.

				          PSO3(I)=0.

				          PSSP(I)=0.

				          PQPS(I)=0.

				          PYPS(I)=0.

				          CYCLE

			          END IF                                                                     

	                  II=I+LND                                                                    

                      !     POINT SOURCE INPUT

                      !             I1   = DAY OF YEAR

                      !             I2   = YEAR

                      !             PSOQ = FLOW(M3/D)

                      !             PSOY = SEDIMENT LOAD(T/D)

                      !             PSON = ORGANIC N(KG/D)

                      !             PSOP = ORGANIC P(KG/D) 

                      !             PSO3 = NITRATE N LOAD(KG/D)

                      !             PSH3 = AMMONIA N LOAD(KG/D)

                      !             PSO2 = NITRITE N LOAD(KG/D)

                      !             PSSP = SOLUBLE P LOAD(KG/D)

                      !             PBOD = BOD LOAD(KG/D)

                      !             PSDO = DISOLVED OXYGEN LOAD(KG/D)

                      !             PSCA = CHLORAFIL LOAD(KG/D)

                      !             PQPS = SOLUBLE PESTICIDE LOAD(G/D)

                      !             PYPS = ADSORBED PESTICIDE LOAD(G/D)

                      !             KPSN = PESTICIDE # FROM PESTCOM.DAT

			          READ(KR(II),*,IOSTAT=NFL)I1,I2,PSOQ(I),PSOY(I),PSON(I),&

                      PSOP(I),PSO3(I),PSH3,PSO2,PSSP(I),PBOD,PSDO,PSCA,PQPS(I),&

                      PYPS(I),X1,X2,X3,X4,X5,KPSN(I)

			          IF(NFL/=0)THEN

			              WRITE(KW(36),'(5X,A,I8,A,3I4)')'POINT SOURCE #',I,&

	                      ' ENDS (Y M D)',IYR,MO,KDA                      

	                      IPSF(I)=1                           

                      END IF

                  END DO    

              END IF    

              REP=0.                                                                         

              IF(IHY>0)THEN

                  NRF=0                                                                          

                  RFDT=0.

                  YHY=0.

              END IF

              IF(INFL==4)THEN

                  CALL HRFIN

		          RFV0(1)=RFDT(NRF)

                  CALL WGN                                                                       

                  CALL WTAIR(1)                                                                     

                  X1=TMX(1)-TMN(1)                                                               

                  TMX(1)=TMX(1)+TMXF(MO)                                                         

                  TMN(1)=TMX(1)-TMNF(MO)*X1                                                      

                  CALL WRLHUM(1)                                                                    

                  CALL WNSPD                                                                     

                  TMX=TMX(1)                                                                     

                  TMN=TMN(1)                                                                     

                  SRAD=SRAD(1)                                                                   

                  RHD=RHD(1)                                                                     

                  U10=U10(1)                                                                     

              ELSE

                  I=NWTH

                  IF(NGN>0)THEN

                      DO I=1,NWTH                                                                    

                          II=I+KND                                                                   

                          !     READ DAILY WEATHER IF NOT GENERATED                                            

                          !  1  SRAD = SOLAR RADIAION(MJ/m2 OR LY)(BLANK TO GENERATE)                          

                          !  2  TMX  = MAX TEMP(c)                                                             

                          !  3  TMN  = MIN TEMP(c)                                                             

                          !  4  RFV0 = RAINFALL(mm)(999. TO GENERATE OCCURRENCE & AMOUNT;                      

                          !            -1. TO GENERATE AMOUNT GIVEN OCCURRENCE)                                

                          !  5  RHD  = RELATIVE HUMIDITY(FRACTION)(BLANK TO GENERATE)                          

                          !  6  U10  = WIND VELOCITY(m/s)(BLANK TO GENERATE)                                   

                          !  7  CO2I = ATMOSPHERIC CO2 CONC(ppm)                                                 

                          !  8  REP  = PEAK RAINFALL RATE(mm/h)

                          !  9  ORSD = OBSERVED SOIL SURFACE CROP RESIDUE(t/ha) 

                          READ(KRST(I),1070,IOSTAT=NFL)SRAD(I),TMX(I),TMN(I),RFV0(I),RHD&             

                          (I),U10(I),CO2I,REP,ORSD(I)                                                             

                          IF(NFL/=0)THEN                                                             

                              NGN=-1                                                                 

                              IRF=1

                              KGN=0                                                                  

                              WRITE(KW(1),'(5X,A,A,3I4,1X,A80)')'GENERATED WEATHER STARTS',&               

                              ' (Y M D)',IYR,MO,KDA,FWTH(I)                                                  

                              EXIT

                          END IF

                          SRAD(I)=SRAD(I)*RUNT                                                            

                          RHD(I)=RHD(I)/RHCF                                                         

                          III=0                                                                      

                          IF(RFV0(I)>900..OR.RFV0(I)<0.)THEN                                                         

                              CALL WRWD(I,0)                                                           

                              RFV0(I)=RFV0(I)*RNCF(MO)                                               

                          END IF

                          IF(KGN(2)==0.OR.TMX(I)<=TMN(I))THEN

                              CALL WGN                                                                   

                              CALL WTAIR(I)                                                              

                              X1=TMX(I)-TMN(I)                                                           

                              TMX(I)=TMX(I)+TMXF(MO)                                                     

                              TMN(I)=TMX(I)-TMNF(MO)*X1

                          ELSE                                                      

                              IF(TMX(I)>100..OR.TMN(I)>100.)THEN

                                  CALL WGN                                                                   

                                  CALL WTAIX(I)

                                  X1=TMX(I)-TMN(I)                                                           

                                  TMX(I)=TMX(I)+TMXF(MO)                                                     

                                  TMN(I)=TMX(I)-TMNF(MO)*X1

                              END IF    

                          END IF                

                          IF(KGN(3)==0.OR.SRAD(I)<1.E-5.OR.SRAD(I)>900.)THEN                                                  

                              IF(III==0)CALL WGN                                                           

                              CALL WSOLRA(1)

                              SRAD=SRAD(1)                                                                   

                          END IF

                          IF(KGN(5)>0)THEN

                              IF(RHD(I)<900..AND.RHD(I)>-90.)THEN

                                  IF((RHD(I)<0..OR.RHD(I)>1..OR.IRH>0))THEN

                                      ! RHD=DEW POINT TEMP--CONVERT TO RELATIVE HUM

                                      TX=.5*(TMX(I)+TMN(I)) 

                                      RHD(I)=MIN(.99,ASVP(RHD(I)+273.)/ASVP(TX+273.))

                                      IRH=1                                                                    

                                  ELSE

                                      IF(RHD(I)<1.E-5)THEN 

                                          ! RHD IS MISSING DATA (0. OR 999.)                                                 

                                          IF(III==0)CALL WGN                                                           

                                          CALL WRLHUM(I)

                                      END IF    

                                  END IF    

                              END IF    

                          ELSE

                              IF(III==0)CALL WGN                                                           

                              CALL WRLHUM(I)

                          END IF

                          IF(KGN(4)==0.OR.U10(I)<1.E-10.OR.U10(I)>900..OR.U10(I)<-90.)CALL WNSPD                                                                 

                          U10(I)=U10(1)

                      END DO                                                                         

                      IWI=1                                                                          

                  ELSE    

                      U10(1)=0.                                                                      

                      RHD(1)=0.

                      IF(NWP>1)THEN                                                                  

                          XX=AUNIF(IDG(12))                                                          

                          DO IWI=1,NWP                                                               

                              IF(XX<=AWXP(IWI))EXIT                                                    

                          END DO

                          IAD(IWI)=IAD(IWI)+1                                                                     

                      ELSE                                                                           

                          IWI=1                                                                      

                      END IF                                                                         

                      CALL WRWD(1,0)                                                                   

                      NWPD(IWI)=NWPD(IWI)+1

                      RFSG(IWI)=RFSG(IWI)+RFV0(1)                                                          

                      RFV0(1)=RFV0(1)*RNCF(MO)                                                       

                      CALL WGN                                                                       

                      CALL WTAIR(1)                                                                     

                      X1=TMX(1)-TMN(1)                                                               

                      TMX(1)=TMX(1)+TMXF(MO)                                                         

                      TMN(1)=TMX(1)-TMNF(MO)*X1                                                      

                      CALL WRLHUM(1)                                                                    

                      CALL WNSPD                                                                     

                      TMX=TMX(1)                                                                     

                      TMN=TMN(1)                                                                     

                      SRAD=SRAD(1)                                                                   

                      RHD=RHD(1)                                                                     

                      U10=U10(1)

                  END IF

              END IF    

              IXP=NXP(90)

              IF(ICO2==2)THEN

                  IF(CO2I>0.)CO2=CO2I                                                                    

              END IF

              IF(RFV0(1)>0.)THEN

                  SDRF=SDRF+RFV0(1)*RFV0(1)                                                      

                  IF(RFV0(1)>RMX0)RMX0=RFV0(1)                                                   

                  IF(ITYP==0)THEN                                                                

                      AJP=1.-EXP(-125./(RFV0(1)+5.))                                             

                      AL5=ATRI(ALMN,WI(IWI,MO),AJP,4)                                            

                  ELSE                                                                           

                      AL5=WI(IWI,MO)                                                             

                  END IF

                  IF(AL5>0.)THEN

                      PRFF=-2.*LOG(1.-AL5)                                                           

                  ELSE

                      PRFF=.2

                  END IF        

                  DUR=MIN(24.,4.605/PRFF)                                                        

                  IF(NGN<0)THEN

                      DO ISA=1,MSA                                                                   

                          RFV(ISA)=RFV0(1)                                                           

                      END DO

                  END IF

                  IF(NGN==0)THEN                             

                      XX=AUNIF(IDG(10))                                                              

                      YY=AUNIF(IDG(11))                                                              

                      XX=XX*XSL+XCS                                                                  

                      YY=YY*YSL+YCS                                                                  

                      SUM=0.                                                                         

                      X1=DUR**(-.1478)                                                               

                      DO ISA=1,MSA                                                                   

                          XA=111.2*ABS(XCT(ISA))*COS1                                                           

                          YA=111.2*ABS(YCT(ISA))

                          D2=(XX-XA)**2+(YY-YA)**2                                                   

                          D=SQRT(D2)

                          IF(SCLM(21)>0.)D=MIN(D,SCLM(21))

                          F=D/(D+EXP(SCRP(21,1)-SCRP(21,2)*D))

                          X2=MAX(.001,1.-X1*F)

                          X3=(1.+BXCT*(XA-XCS))*(1.+BYCT*(YA-YCS))                                                           

                          ZTP(ISA)=X2*X3

                          SUM=SUM+ZTP(ISA)                                                           

                      END DO                                                                         

                      RTO=XSA*RFV0(1)/SUM                                                            

                      DO ISA=1,MSA                                                                   

                          X1=ATRI(.8,1.,1.2,6)                                                       

                          RFV(ISA)=RTO*ZTP(ISA)*X1                                                   

                      END DO                                                                         

                  END IF

              END IF

              DO IOW=1,NBON                                                                  

                  DO IHD=1,NHRD(IOW)                                                         

	                  II=IHBS(IHD,IOW)                                                            

	                  IYMD=10000*IYHO(IHD,IOW)+100*MO+KDA                                         

	                  IF(IHDT(II,IHD,IOW)/=IYMD)CYCLE                                             

	                  NCOW(IHD,IOW)=NBSX(II,IHD,IOW)                                              

	                  IF(KFL(1)>0)WRITE(KW(1),892)IY,MO,KDA,IOW,IHD,NCOW(IHD,&                    

                      IOW)                                                                   

  	                  IHBS(IHD,IOW)=IHBS(IHD,IOW)+1                                             

	                  IF(IHBS(IHD,IOW)>NHBS(IHD,IOW))IHBS(IHD,IOW)=1                              

	              END DO                                                                          

                  IF(NSAS(IOW)>=2.AND.MNUL<3)THEN                                           

                      X5=PDPL(IDSS(1,IOW))                                                   

                      ISAS(IOW)=IDSS(1,IOW)                                                  

                      DO J=2,NSAS(IOW)                                                       

                          IF(X5<PDPL(IDSS(J,IOW)))CYCLE                                      

                          X5=PDPL(IDSS(J,IOW))                                               

                          ISAS(IOW)=IDSS(J,IOW)                                              

                      END DO                                                                 

                  END IF                                                                     

                  IF(NSAL(IOW)==0)CYCLE                                                      

                  X5=PDPL(IDSL(1,IOW))                                                       

                  ISAL(IOW)=IDSL(1,IOW)                                                      

                  IF(NSAL(IOW)<2)CYCLE                                                       

                  DO J=2,NSAL(IOW)                                                           

                      IF(X5<PDPL(IDSL(J,IOW)))CYCLE                                          

                      X5=PDPL(IDSL(J,IOW))                                                   

                      ISAL(IOW)=IDSL(J,IOW)                                                  

                  END DO                                                                     

              END DO                                                                         

              SYW=0.                                                                         

              SRYF=0.                                                                             

	          VAR=0.

	          VARH=0.

	          TAC=0.                                                                              

              DO ICMD=1,NCMD ! COMMAND LOOP   

                  SELECT CASE(ICDT(ICMD))                                                        

                      CASE(1)                                                                    

                          CALL BSUB(IXP)

                          !WRITE(KW(1),'(A,I8,A,I8)')'ISA=',ISA,'NBSA=',NBSA                                                         

                          WSAX=WSA(NISA(IDNB(IDO)))                                              

	                      X1=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

	                      VARH(13,IDO)=QN(IDO)  !X1                                                             

	                      SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+QN(IDO)   !X1                                          

                          X1=QP(IDO)                                                        

	                      VARH(19,IDO)=X1                                                             

	                      SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+X1                                          

	                      SST(IDO)=SST(IDO)+QRP(IDO)                                                  

	                  CASE(2)

	                      TDEG=0.

                          TDEP=0.                                                                         

                          CALL ROUTE

                          !WRITE(KW(1),'(A)')'ROUTE'                                                             

                      CASE(3)                                                                    

                          CALL RTADD                                                             

                      CASE(4)                                                                    

                          CALL RESRT                                                             

                      CASE(5)                                                                    

                          CALL RESPOND                                                           

                  END SELECT 

                  XX=10.*RWSX                                                                    

                  SRCH(7,IDO)=SRCH(7,IDO)+QVOL(IDO)                                              

                  SRCH(8,IDO)=SRCH(8,IDO)+YSD(NDRV,IDO)

                  SRCH(9,IDO)=SRCH(9,IDO)+YN(IDO)                                                

                  SRCH(10,IDO)=SRCH(10,IDO)+YP(IDO)                                              

                  SRCH(11,IDO)=SRCH(11,IDO)+QN(IDO)                                              

                  SRCH(12,IDO)=SRCH(12,IDO)+QP(IDO)                                              

                  SRCH(15,IDO)=SRCH(15,IDO)+SST(IDO)/XX                                             

                  SRCH(16,IDO)=SRCH(16,IDO)+RSSF(IDO)/XX                                            

                  SRCH(17,IDO)=SRCH(17,IDO)+TSFN(IDO)                                            

                  SRCH(21,IDO)=SRCH(21,IDO)+QRFN(IDO)                                            

                  SRCH(22,IDO)=SRCH(22,IDO)+QDRN(IDO)                                            

                  SRCH(18,IDO)=SRCH(18,IDO)+RSFN(IDO)                                            

                  SRCH(19,IDO)=SRCH(19,IDO)+QRF(IDO)/XX                                             

                  SRCH(20,IDO)=SRCH(20,IDO)+QDR(IDO)/XX                                             

                  SRCH(23,IDO)=SRCH(23,IDO)+CPVH(IDO)/XX                                            

                  SRCH(24,IDO)=SRCH(24,IDO)+YMNU(IDO)                                            

                  SRCH(25,IDO)=SRCH(25,IDO)+.001*YC(IDO)/RWSX                                         

	              SRCH(26,IDO)=SRCH(26,IDO)+QPU(IDO)

	              SRCH(27,IDO)=SRCH(27,IDO)+QDRP(IDO)                                            

	              VARW(13)=QVOL(IDO)/XX

                  VARW(15)=SST(IDO)/XX

                  VARW(NDVSS)=YSD(NDRV,IDO)/RWSX

                  VARW(37)=YN(IDO)/RWSX

                  VARW(38)=(QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO))/RWSX

                  VARW(39)=TSFN(IDO)/RWSX

                  VARW(72)=RSSF(IDO)/XX

                  VARW(80)=RSFN(IDO)/RWSX

                  VARW(17)=QDR(IDO)/XX

                  VARW(47)=QDRN(IDO)/RWSX

                  VARW(48)=YP(IDO)/RWSX

                  VARW(49)=QP(IDO)/RWSX

                  VARW(76)=QC(IDO)/RWSX

                  VARW(77)=YC(IDO)/RWSX

                  VARW(83)=QRF(IDO)/XX

                  VARW(84)=QRFN(IDO)/RWSX

                  VARW(88)=YMNU(IDO)/RWSX

                  VARW(108)=QPU(IDO)/RWSX

                  VARW(117)=WYLD(IDO)/XX !mm

                  VARW(118)=YPM(IDO)/RWSX

                  VARW(143)=QDRP(IDO)/RWSX

                  IF(IHY>0)THEN

                      T1=0.

                      AD1=0.

                      X2=0.

                      AD1=-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1)))

                      DO K=1,NPD

                          X1=QHY(K,IDO,IHX(1)) 

                          AD1=AD1+X1

                          IF(X1>X2)THEN

                              X2=X1

                              X3=T1

                          END IF

                          T1=T1+DTHY

                      END DO

                      AD1=AD1*DTHY*360./RWSA(IDO)

	                  HYDV(IDO)=AD1

	                  IWH=0.

                      IF(AD1>=QTH)THEN

                          IWH=1

                          T1=0.

	                      DO K=1,NPD

	                          IF(KFL(26)>0)WRITE(KW(26),26)T1,(QHY(K,IDO,IHX(J)),J=1,MHX)

	                          T1=T1+DTHY

	                      END DO

                          IF(IDO==NCMD.AND.KFL(12)>0)THEN

	                          T1=0.

	                          DO K=2,NPD

	                              T1=T1+DTHY

	                              T2=T2+DTHY

                                  IF(KFL(12)>0)WRITE(KW(12),'(5X,3I4,F8.3,F10.2,E13.5)')IY,MO,KDA,T1,&

	                              T2,QHY(K,IDO,IHX(1))

	                              ADHY=ADHY+QHY(K,IDO,IHX(1))

                              END DO

	                      END IF    

	                  END IF

	                  SQVL(IDO)=SQVL(IDO)+QVOL(IDO)

                      SHYD(IDO)=SHYD(IDO)+AD1

	                  IF(ICDT(ICMD)==3)THEN

	                      II=0

	                  ELSE

	                      II=IDNB(IDO)

	                  END IF

	                  IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),12)CMDX(ICDT(IDO)),IDO,II,IY,MO,KDA,X2,&

                      X3,AD1,SQVL(IDO),SHYD(IDO)

                      IF(KFL(25)>0)WRITE(KW(25),12)CMDX(ICDT(IDO)),IDO,II,IY,MO,KDA,X2,&

                      X3,AD1,SQVL(IDO),SHYD(IDO)

	              END IF 

              END DO ! COMMAND LOOP

              !ISA=NISA(IDNB(IDO))                                              

              TAC=TAC+YC(IDO)

        !      IF(NDP>0)THEN                                                                  

	       !       X1=(SST(IDO)+QRF(IDO)+CPVH(IDO)+QDR(IDO))/(10.*RWSX) !mm Jaehak 2022

        !          X2=QVOL(IDO)/(10.*RWSX) !mm

        !          X3=YSD(NDRV,IDO)/RWSX

	       !       IF(KFL(6)>0)THEN

	       !           DO K=1,NDP

	       !               IF(K==1)THEN

	       !                   WRITE(KW(6),903)MSA,NBSA(MSA),IYR,MO,KDA,RFV(IRF(1)),&

	       !                   X2,X1,X3,PSTN(K),(VARP(J,K,IDO),J=1,12)             

        !                  ELSE

        !                      WRITE(KW(6),904)MSA,NBSA(MSA),IYR,MO,KDA,PSTN(K),&

        !                      (VARP(J,K,IDO),J=1,12)        

        !                  END IF

        !              END DO

        !          END IF

        !          IF(KFL(29)>0)WRITE(KW(29),909)MSA,NBSA(MSA),IYR,MO,KDA,&

        !          RFV(IRF(1)),X2,X1,X3,(PSTN(K),QPST(K,IDO),TSPS(K,IDO),&

        !          YPST(K,IDO),K=1,NDP)

        !!         IF(MSA>1)THEN

        !!             QQ=QVOL(IDO)+X1

        !!	          YY=YSD(NDRV,IDO)

        !!	          SSPZ=0.

        !!             CALL PSTFRQ(QQ,YY,SSPZ,NCMD,IXP)                                                          

        !!         END IF

        !      END IF                                                                         

              VARP=0.

              CALL SWN1530 

              IF(KFL(42)>0)WRITE(KW(42),682)IYR,MO,KDA,SW15,SW30,SNN15,SNN30,&               

              SNA15,SNA30,VARUA(4,ISA),VARUA(10,ISA),VARUA(11,ISA),(VARUA(K,ISA),&

              K=13,20),(VARS(K),K=6,8),(Z(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (SWST(LID(K,ISA),ISA),K=1,NBSL(ISA)),(UW(LID(K,ISA)),K=1,&

              NBSL(ISA)),(SEV(LID(K,ISA),ISA),K=1,NBSL(ISA)),(PKRZ(LID(K,ISA)),&

              K=1,NBSL(ISA)),(SSF(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (WNO3(LID(K,ISA),ISA),K=1,NBSL(ISA)),(UN(LID(K,ISA)),&

              K=1,NBSL(ISA)),(VNO3(LID(K,ISA),ISA),K=1,NBSL(ISA)),&

              (STMP(LID(K,ISA),ISA),K=1,NBSL(ISA))                                                                        

   	          IF(KFL(16)>0)WRITE(KW(16),894)IYR,MO,KDA,RFV0(IRF(1)),(VARW&

              (KD(K)),K=1,NKD)

              ! ROTATE GRAZING

              IF(IHRD==2)THEN                                                           

                  DO I=1,NBON                                                                

                      DO IHD=1,NHRD(I)                                                           

                          I1=IGZX(IHD,I)                                                                 

                          IF(NGZA(IHD,I)<2)CYCLE

                          X1=AGPM(I1)                                                                    

                          IGZ(I1)=IGZ(I1)+1                                                              

                          IF(IGZ(I1)<=LGRZ)THEN

                              IF(X1>GZLM(IHD,I1).AND.NGZ(IHD,I1)>0)CYCLE

                          END IF

                          J1=IGZO(IHD,I)                                                                 

                          DO K1=1,NGZA(IHD,I)                                                            

                              J1=J1+1                                                                        

                              IF(J1>NGZA(IHD,I))J1=1                                                         

                              I2=NGIX(J1,IHD,I)                                                                  

                              IF(IGZ(I2)==0)EXIT                                                          

                          END DO                                                                         

                          IGZX(IHD,I)=I2                                                                 

                          IGZ(I2)=1                                                                      

                          IGZ(I1)=0                                                                      

                          IGZO(IHD,I)=J1                                                                 

                      END DO

                  END DO         

              END IF 

              DO I=90,2,-1                                                                   

                  I1=I-1                                                                         

                  NXP(I)=NXP(I1)                                                                 

              END DO                                                                         

              NXP(1)=IXP                                                                     

              SMMR(11,MO)=SMMR(11,MO)+QVOL(IDO)                                              

              SMMR(12,MO)=SMMR(12,MO)+WYLD(IDO) !m3

              SMMR(13,MO)=SMMR(13,MO)+YSD(NDRV,IDO)                                          

              SMMR(14,MO)=SMMR(14,MO)+YN(IDO)                                                

              SMMR(15,MO)=SMMR(15,MO)+YP(IDO)                                                

              SMMR(16,MO)=SMMR(16,MO)+QN(IDO)   

              SMMR(17,MO)=SMMR(17,MO)+(QP(IDO)+QDRP(IDO))                                                                                                

              SMMR(18,MO)=SMMR(18,MO)+YMNU(IDO)                                              

              SMMR(19,MO)=SMMR(19,MO)+QPU(IDO)                                                    

	          SMMR(20,MO)=SMMR(20,MO)+YC(IDO)                                                     

	          SMMR(21,MO)=SMMR(21,MO)+QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)                                                     

              DO K=1,NDP                                                                     

                  SMMRP(3,K,MO)=SMMRP(3,K,MO)+QPST(K,IDO)+TSPS(K,IDO)+RSPS(K,IDO)                                        

                  SMMRP(4,K,MO)=SMMRP(4,K,MO)+YPST(K,IDO)                                        

              END DO

              CALL HGWST

              DO ISA=1,MSA

                  IF(ISA==ISAP)CALL NCONT(ISA)                                                               

              END DO

              IF(KFL(44)>0)THEN

                  DO I=1,MSA                                                                     

                      I1=NBSA(IBSA(I))                                                               

	                  I2=NISA(I1)

	                  II=IDOA(I2)

			          I3=II

                      WRITE(KW(44),153)I2,I1,IYR,MO,KDA,GWST(I2),&

                      GWEL(I2),(VARUA(KD(K),I2),K=1,NKD)

	              END DO

              END IF	                            

              !CALL NCONT(1)                                                               

              IF(KFL(35)>0.AND.IPD>=6.AND.MSA>1)THEN

                  DO I=1,MSA                                                                     

                      I1=NBSA(IBSA(I))                                                               

	                  I2=NISA(I1)

	                  IF(IEXT(I2)>0)THEN

			              II=IDOA(I2)

			              X2=WSA(I2)

			              I3=II

		              ELSE

			              II=IDOA(I2)-1

			              X2=RWSA(II)+WSA(I2)

			              I3=II+2

		              END IF		

		              IF(VARH(7,II)<1.)VARH(7,II)=VARH(6,II)/(VARH(2,II)*.0864+1.E-10)                    

	                  IF(NTX(II)==0)WRITE(KW(35),472)I1,IYR,IDA,X2,VARH(1,II),&

	                  VARH(2,I3),VARH(33,II),VARH(35,I3),(VARH(K,II),K=3,NSH-3)

	                  !,&(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)

                      !Subdaily reach output Jaehak Jeong 2013

                      IF(NTX(II)==0.AND.IPD==9.AND.IEXT(I2)==0)THEN

                          IDT=IDA-1-DTHY/24.

                          DO K=1,INT(24./DTHY)

                              IDT=IDT+DTHY/24.

                              WRITE(KW(35),473)I1,IYR,IDT,X2,0.,0.,&

	                          QHY(K,II,IHX(1)),QHY(K,I3,IHX(1))                             

                          END DO

                      END IF

     	              NTX(II)=1                                                                      

	              END DO

              END IF	                                                                                    

              IF(KFL(34)>0.AND.IPD>5)THEN                                                    

	              DO I=1,MSA                                                                          

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)                                                                         

	                  II=IDOA(I2)

	                  X2=.001*ZOC(I2)

                      WRITE(KW(34),471)I1,IYR,IDA,WSA(I2),VARUA(4,I2),VARUA(5,I2),&

                      VARUA(6,I2),VARUA(18,I2),VARUA(10,I2),VARUA(11,I2),RZSW(I2),&

                      VARUA(16,I2),VARUA(71,I2),VARUA(13,I2),VARUA(15,I2),VARUA(72,I2),&

                      VARUA(117,I2),VARUA(14,I2),VARUA(1,I2),VARUA(2,I2),VARUA(59,I2),&

                      VARUA(3,I2),VARUA(27,I2),VARUA(31,I2),VARUA(53,I2),VARUA(54,I2),&

                      VARUA(55,I2),VARUA(56,I2),VARUA(57,I2),VARUA(43,I2),VARUA(42,I2),&

                      VARUA(37,I2),VARUA(119,I2),VARUA(38,I2),VARUA(49,I2),VARUA(118,I2),&

                      VARUA(39,I2),VARUA(80,I2),X2,(PCTH(J,II),J=1,NSZ),(PCT(J,II),&

                      J=1,NSZ),(YLD1(LY(IRO(I2),J,I2),I2),YLD2(LY(IRO(I2),J,I2),I2),&

                      (VARC(K,LY(IRO(I2),J,I2),I2),K=1,17),CPNM(LY(IRO(I2),J,I2)),&

                      J=1,NCP(IRO(I2),I2))

                  END DO                                                                            

              END IF 

              IF(IHY>0)THEN

                  DO I=1,NCMD

                      DO K=1,NPD

                          QHY(K,I,IHX(1))=0. 

                      END DO

                  END DO

                  II=IHX(1)

                  DO I=2,MHX

                      IHX(I-1)=IHX(I)

                  END DO

                  IHX(MHX)=II

              END IF

              X2=10.*RWSX

              ZTZ(1)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+SST(IDO)+QDR(IDO)+CPVH(IDO)+1.E-10

              ZTZ(5)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+TSFN(IDO)+QDRN(IDO)                    

              ZTZ(6)=QP(IDO)+QPU(IDO)                     

              IF(KFL(37)>0)THEN                                                               

                  ZTZ(2)=1.E5*YSD(NDRV,IDO)/ZTZ(1)                                                        

                  ZTZ(3)=100.*YN(IDO)/ZTZ(1)                                                              

                  ZTZ(4)=100.*YP(IDO)/ZTZ(1)

                  X2=100.*ZTZ(5)/ZTZ(1)

                  X3=100.*ZTZ(6)/ZTZ(1)

                  WRITE(KW(37),902)IDA,IYR,(ZTZ(I),I=1,4),X2,X3

              END IF

              IF(KFL(5)>0)THEN                                                               

                  X2=10.*RWSX

                  X3=MIN(.95,DRSW*PRMT(63))

                  X4=MIN(.95,DRSW*PRMT(75))                                                                      

                  ZTZ(2)=YSD(NDRV,IDO)*DRSW                                                        

                  ZTZ(3)=YN(IDO)*X3                                                              

                  ZTZ(4)=YP(IDO)*X4                                                              

                  IF(NDP>0)THEN

                      DO K=1,NDP

                          XTMP(K,IDO)=QPST(K,IDO)+TSPS(K,IDO)+RSPS(K,IDO)

                      END DO

                  END IF

                  WRITE(KW(5),902)IDA,IYR,(ZTZ(I),I=1,6),(XTMP(K,IDO),YPST(K,IDO),&

                  K=1,NDP)                                         

              END IF

              IF(IDA==NSTP)STOP

              DO ! MONTHLY LOOP                                                                         

                  CALL AXMON

                  IF(MO==MO1)EXIT

                  DO K=1,21 ! SUM SMMR INTO SMYR                                                                     

                      SMYR(K)=SMYR(K)+SMMR(K,MO1)                                                    

                  END DO                                                                         

                  DO K=1,NDP                                                                     

                      DO J=1,4                                                                       

                          SMYRP(J,K)=SMYRP(J,K)+SMMRP(J,K,MO1)                                           

                      END DO                                                                         

                  END DO                                                                         

                  AVRF=0.                                                                        

                  ZTZ=0.

                  TWMP=0.

                  TSMU=0.

                  AVRF=0.

                  XTX=0.

	              TPRK=0.

	              TSSP=0.

	              TLHP=0.

	              TDFP=0.

	              TDSP=0.

	              TDRP=0.

	              TRFP=0.

	              ZTX=0.                                                                         

                  DO ISA=1,MSA ! SA LOOP                                                              

                      LD1=LID(1,ISA)

                      WSAX=WSA(ISA) 

                      WSAX1=10.*WSAX

                      PMOEO=SMM(10,MO1,ISA)                                                          

                      PMORF=SMM(4,MO1,ISA)-SMM(13,MO1,ISA)                                           

                      XX=IDA-JJ                                                                      

                      STV(8,MO1,ISA)=RZSW(ISA)                                                       

                      STV(9,MO1,ISA)=WTBL(ISA)                                                       

                      STV(2,MO1,ISA)=ZNO3(ISA)                                                       

                      STV(1,MO1,ISA)=ZNH3(ISA)                                                       

                      STV(3,MO1,ISA)=PDPLC(ISA)

                      STV(4,MO1,ISA)=ZSK(ISA)                                                                                                             

                      STV(10,MO1,ISA)=GWST(ISA)                                                       

                      STV(16,MO1,ISA)=SWLT(ISA)                                                      

                      STV(17,MO1,ISA)=SNO(ISA)                                                       

                      STV(19,MO1,ISA)=GWSN(ISA)                                                      

                      STV(20,MO1,ISA)=ZSLT(ISA)                                                      

                      SMMUA(120,MO1,ISA)=SW(ISA)                                                     

                      NN=NCP(IRO(ISA),ISA)

                      N2=0

                      DO K=1,NN                                                                      

                          K1=LY(IRO(ISA),K,ISA)                                                          

                          NTP(K1)=0                                                                      

                      END DO                                                                         

                      DO K=1,NN                                                                  

                          K1=LY(IRO(ISA),K,ISA)

                          IF(NTP(K1)>0)THEN

                              N2=N2+1                                                                        

                              CYCLE

                          END IF                                                                      

                          NTP(K1)=1        

                          IF(KGO(K1,ISA)>0)THEN                                                          

                              SMMC(1,K1,MO1,ISA)=HUI(K1,ISA)                                                 

                              SMMC(2,K1,MO1,ISA)=SLAI(K1,ISA)                                                

                              SMMC(3,K1,MO1,ISA)=RD(K1,ISA)                                                  

                              SMMC(4,K1,MO1,ISA)=RW(K1,ISA)                                                  

                              SMMC(5,K1,MO1,ISA)=DM(K1,ISA)                                                  

                              SMMC(6,K1,MO1,ISA)=STL(K1,ISA)                                                 

                              SMMC(7,K1,MO1,ISA)=CPHT(K1,ISA)                                                

                          END IF                                                                         

                          ISM=0                                                                          

                          SMMC(8,K1,MO1,ISA)=STD(K1,ISA)                                                 

                          SMMC(9,K1,MO1,ISA)=STDL(K1,ISA)                                                

                          DO J=1,7                                                                       

                              KTP(J)=SFMO(J,K1,ISA)+.5                                                       

                              ISM=ISM+KTP(J)                                                                 

                              SFMO(J,K1,ISA)=0.                                                              

                          END DO                                                                         

                          IF(ISM==0)THEN

                              KDT(MO1,K1,ISA)=0                                                              

                              CYCLE                                                                      

                          ELSE

                              CALL ASORTI(KTP,MNST,7)                                                        

                              KDT(MO1,K1,ISA)=KTP(MNST(5))+100*MNST(5)+1000*&

                              KTP(MNST(6))+100000*MNST(6)+1000000*KTP(MNST(7))&

                              +100000000*MNST(7)                                 

                          END IF                          

                      END DO         

                      NN=NN-N2                                                                       

                      STV(12,MO1,ISA)=RSD(LD1,ISA)                                                   

                      STV(18,MO1,ISA)=RSDM(LD1,ISA)                                                  

                      STV(11,MO1,ISA)=STDO(ISA)                                                       

                      SSW(ISA)=SSW(ISA)/XX                                                           

                      ASW(MO1,ISA)=ASW(MO1,ISA)+SSW(ISA)                                             

                      SSW(ISA)=0.                                                                    

                      TR(MO1,ISA)=TR(MO1,ISA)+SMM(4,MO1,ISA)                                         

                      TSY(MO1,ISA)=TSY(MO1,ISA)+SMM(NDVSS,MO1,ISA)                                   

                      TYON(MO1,ISA)=TYON(MO1,ISA)+SMM(37,MO1,ISA)                                    

                      TYTP(MO1,ISA)=TYTP(MO1,ISA)+SMM(48,MO1,ISA)                                    

                      TQP(MO1,ISA)=TQP(MO1,ISA)+SMM(49,MO1,ISA)                                      

	                  TQPU(MO1,ISA)=TQPU(MO1,ISA)+SMM(108,MO1,ISA)                                        

                      TQN(MO1,ISA)=TQN(MO1,ISA)+SMM(38,MO1,ISA)                                      

                      TYW(MO1,ISA)=TYW(MO1,ISA)+SMM(36,MO1,ISA)                                      

                      TQ(MO1,ISA)=TQ(MO1,ISA)+SMM(13,MO1,ISA)                                        

                      TRHT(MO1,ISA)=TRHT(MO1,ISA)+SMM(33,MO1,ISA)                                    

                      TET(MO1,ISA)=TET(MO1,ISA)+SMM(11,MO1,ISA)

                      SMM(2,MO1,ISA)=SMM(2,MO1,ISA)/XX                                               

                      SMM(1,MO1,ISA)=SMM(1,MO1,ISA)/XX                                               

                      SMM(3,MO1,ISA)=SMM(3,MO1,ISA)/XX 

                      SMM(9,MO1,ISA)=SMM(9,MO1,ISA)/XX                                               

                      SMM(59,MO1,ISA)=SMM(59,MO1,ISA)/XX                                             

                      SMM(7,MO1,ISA)=SMM(7,MO1,ISA)/XX                                               

                      SMM(8,MO1,ISA)=SMM(8,MO1,ISA)/XX                                               

                      SMM(33,MO1,ISA)=SMM(33,MO1,ISA)/XX                                             

                      SMM(34,MO1,ISA)=SMM(34,MO1,ISA)/XX                                             

                      SMM(35,MO1,ISA)=SMM(35,MO1,ISA)/XX                                             

                      SMM(60,MO1,ISA)=SMM(60,MO1,ISA)/XX                                             

                      SMM(32,MO1,ISA)=SMM(32,MO1,ISA)/XX                                             

                      IF(ISA==MSA)JJ=IDA                                                             

                      DO K=1,NSM ! SUM SMM INTO SMY                                                                    

                          SMY(K,ISA)=SMY(K,ISA)+SMM(K,MO1,ISA)                                           

                      END DO

                      CALL AUAC(1)

                      SET(MO1,ISA)=SET(MO1,ISA)+SMMUA(10,MO1,ISA)                                      

                      TSN(MO1,ISA)=TSN(MO1,ISA)+SMMUA(16,MO1,ISA)                                      

                      TXMX(MO1,ISA)=TXMX(MO1,ISA)+SMM(1,MO1,ISA)                                     

                      TXMN(MO1,ISA)=TXMN(MO1,ISA)+SMM(2,MO1,ISA)                                     

                      TSR(MO1,ISA)=TSR(MO1,ISA)+SMM(3,MO1,ISA)                                       

                      IF(KFL(40)>0)THEN

                          DO J=1,NCP(IRO(ISA),ISA)

                              ZTX(J)=1000.*YLD2(LY(IRO(ISA),J,ISA),ISA)

                              YLX(J)=MAX(0.,ZTX(J)-YLX(J))                                                        

                          END DO

                          WRITE(KW(40),155)NBSA(ISA),IYR,MO1,SMMUA(4,MO1,ISA),SMMUA(13,MO1,ISA),&

                          SMMUA(117,MO1,ISA),SMMUA(16,MO1,ISA),RST0(ISA),(CPNM(LY(IRO(ISA),J,ISA)),&

                          SMMC(1,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(2,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(5,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(6,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(8,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(10,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(11,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(12,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(13,LY(IRO(ISA),J,ISA),MO1,ISA),SMMC(14,LY(IRO(ISA),J,ISA),MO1,ISA),&

                          SMMC(15,LY(IRO(ISA),J,ISA),MO1,ISA),CNLV(LY(IRO(ISA),J,ISA)),&

                          BN(3,LY(IRO(ISA),J,ISA)),YLX(J),SMMUA(141,MO1,ISA),J=1,NCP(IRO(ISA),ISA))

                          DO J=1,NCP(IRO(ISA),ISA)

                              YLX(J)=ZTX(J)

                          END DO                    

                      END IF                                                                                    

                      IF(NDP>0)THEN                                                                  

                          DO K=1,NDP                                                                 

                              DO K1=1,7                                                                      

                                  SMYP(K1,K,IDOA(ISA))=SMYP(K1,K,IDOA(ISA))+SMMP(K1,K,&

                                  MO1,IDOA(ISA))                               

                              END DO

                              DO K1=10,13                                                                         

                                  SMYP(K1,K,IDOA(ISA))=SMYP(K1,K,IDOA(ISA))+SMMP(K1,K,&

                                  MO1,IDOA(ISA))

                              END DO

                          END DO                              

                      END IF                                                                         

                      TCVF(MO1,ISA)=TCVF(MO1,ISA)+SMMUA(25,MO1,ISA)                                    

                      TEI(MO1,ISA)=TEI(MO1,ISA)+SMMUA(24,MO1,ISA)                                      

                      SMMUA(25,MO1,ISA)=SMMUA(25,MO1,ISA)/(SMMUA(24,MO1,ISA)+1.E-20)                       

                      X1=JCN(ISA)-JCN0(ISA)                                                          

                      SMMUA(14,MO1,ISA)=SMMUA(14,MO1,ISA)/(X1+1.E-20)                                    

	                  TCN(MO1,ISA)=TCN(MO1,ISA)+SMMUA(14,MO1,ISA)                                           

                      JCN0(ISA)=JCN(ISA) 

                      CALL SPRNT 

                      IF(KFL(43)>0)THEN

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              IF(I==1)THEN

                                  WRITE(KW(43),901)ISA,NBSA(ISA),IYR,IY,MO1,&

                                  LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL,ISA),&

                                  SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),&

                                  BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),&

                                  CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),PH(ISL,ISA),&

                                  SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),&

                                  PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              ELSE    

                                  WRITE(KW(43),900)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),&

                                  SOIL(9,ISL,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),&

                                  HCL(ISL,ISA),BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),&

                                  SIL(ISL,ISA),CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),&

                                  PH(ISL,ISA),SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),&

                                  CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              END IF

                          END DO

                      END IF

                      IF(KFL(47)>0)CALL SOIL_05(KW(47))

                      ! WRITE MO VALUES AND SUM YEARLY VALUES                                          

                      IF(MO>MO1)CYCLE

                      ACC=0.

                      ADD=0.

                      SUM=0.

                      TOT=0.

                      DO J=1,LC

                          ACC=ACC+STDP(J,ISA)

                          ADD=ADD+STDN(J,ISA)

                          TOT=TOT+UP1(J,ISA)

                          SUM=SUM+UN1(J,ISA)

                      END DO

                      FTN=ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM

	                  FTP=ZPML(ISA)+ZPMS(ISA)+ZPMA(ISA)+ZPO(ISA)+ZFOP(ISA)+ACC+STDOP&

                      (ISA)+TOT

	                  ZTX(23)=ZTX(23)+BTNX(ISA)*WSAX 

	                  ZTX(24)=ZTX(24)+BTPX(ISA)*WSAX 

	                  BTNX(ISA)=FTN

	                  BTPX(ISA)=FTP

	                  ZTX(25)=ZTX(25)+FTN*WSAX

	                  ZTX(26)=ZTX(26)+FTP*WSAX 

	                  ZTX(27)=ZTX(27)+BTCX(ISA)*WSAX

	                  ZTX(28)=ZTX(28)+ZOC(ISA)*WSAX

	                  ZTX(32)=ZTX(32)+PDPLX(ISA)*WSAX                                                           

	                  ZTX(33)=ZTX(33)+PDPL(ISA)*WSAX

	                  PDPLX(ISA)=PDPL(ISA)                                                           

	                  ZTX(34)=ZTX(34)+SLTX(ISA)*WSAX                                                           

	                  ZTX(35)=ZTX(35)+ZSLT(ISA)*WSAX

	                  SLTX(ISA)=ZSLT(ISA)

                      SMY(1,ISA)=SMY(1,ISA)/12.                                                      

                      SMY(2,ISA)=SMY(2,ISA)/12.                                                      

                      SMY(3,ISA)=SMY(3,ISA)/12.                                                      

                      SMY(7,ISA)=SMY(7,ISA)/12.                                                      

                      SMY(8,ISA)=SMY(8,ISA)/12.                                                      

                      SMY(9,ISA)=SMY(9,ISA)/12.

                      SMY(33,ISA)=SMY(33,ISA)/12.                                                    

                      SMY(34,ISA)=SMY(34,ISA)/12.                                                    

                      SMY(35,ISA)=SMY(35,ISA)/12.

                      SMY(59,ISA)=SMY(59,ISA)/12.                                                    

                      SMY(60,ISA)=SMY(60,ISA)/12.                                                    

                      AVRF=AVRF+SMY(4,ISA)                                                           

                      IF(KFL(21)>0)CALL SOCIOA(KDA)                                                  

                      IF(LM(ISA)==0.AND.LUN(ISA)/=35)THEN

                          CALL NLIME                                                                     

	                      IF(TLA>0.)THEN

                              X3=TLA*COL                                                                     

                              COST(ISA)=COST(ISA)+X3                                                         

                              X1=COTL(IAUL(ISA))                                                             

                              X2=X1-COOP(IAUL(ISA))                                                          

                              COST(ISA)=COST(ISA)+X1                                                         

                              CSFX=CSFX+X2                                                                   

                              IF(KFL(31)>0)THEN                                                              

                                  WRITE(KW(31),667)ISA,NBSA(ISA),IYR,MO1,KDA,KDC(JJK),X3,X3,TLA                  

                                  WRITE(KW(31),666)ISA,NBSA(ISA),IYR,MO1,KDA,TIL(IAUL(ISA)),&

                                  KDC(JJK),IHC(IAUL(ISA)),NBE(IAUL(ISA)),NBT(IAUL(ISA)),X1,&

                                  X2,FULU(IAUL(ISA))

                              END IF

                          END IF                                                                         

                          SMMUA(58,MO,ISA)=SMMUA(58,MO,ISA)+TLA                                              

                          VAR(58,ISA)=TLA                                                                

                          SMY(58,ISA)=TLA

                      END IF                                                                

                      DO K=1,NSM ! SUM SMY INTO SM                                                                     

                          SM(K,ISA)=SM(K,ISA)+SMY(K,ISA)                                                 

                      END DO 

                      CALL AUAC(2)

                      CALL AUAC(3)

                      IF(NDP>0)THEN                                                                  

                          DO K=1,NDP                                                                     

                              DO I=1,7                                                                     

                                  SMAP(I,K,IDOA(ISA))=SMAP(I,K,IDOA(ISA))+SMYP(I,K,IDOA(ISA))

                                  IF(MSA==1)CYCLE

                                  SMAP(I,K,NCMD)=SMAP(I,K,NCMD)+WSAX*SMYP(I,K,IDOA(ISA))                                    

                              END DO

                              DO I=10,13                                                                       

                                  SMAP(I,K,IDOA(ISA))=SMAP(I,K,IDOA(ISA))+SMYP(I,K,IDOA(ISA))

                                  IF(MSA==1)CYCLE

                                  SMAP(I,K,NCMD)=SMAP(I,K,NCMD)+WSAX*SMYP(I,K,IDOA(ISA))

                              END DO                                                     

                          END DO                                                                         

                      END IF                                                                         

                      SMYUA(25,ISA)=SMYUA(25,ISA)/(SMYUA(24,ISA)+1.E-20)

                      IF(KFL(27)>0)THEN

                          WRITE(KW(27),537)ISA,NBSA(ISA),IYR,IY,SMYUA(13,ISA),SMYUA(15,ISA),&

                          SMYUA(16,ISA),SMYUA(17,ISA),SMYUA(NDVSS,ISA),SMYUA(77,ISA),PSTN(1),&

                          (SMYP(J,1,IDOA(ISA)),J=1,7),SMYP(10,1,IDOA(ISA)),SMYP(11,1,&

                          IDOA(ISA))

	                      IF(NDP>1)THEN

	                          DO K=2,NDP 

                                  WRITE(KW(27),538)PSTN(K),(SMYP(J,K,IDOA(ISA)),J=1,7),&

                                  SMYP(10,K,IDOA(ISA)),SMYP(11,K,IDOA(ISA))

                              END DO

                          END IF

                      END IF                                   

                      II=0                                                                           

                      X1=JCN(ISA)-JCN1(ISA)                                                          

                      SMYUA(14,ISA)=SMYUA(14,ISA)/(X1+1.E-20)                                            

                      JCN1(ISA)=JCN(ISA)                                                             

                      II=0                                                                           

                      CALL SPRNT

                      IF(KFL(46)>0)THEN

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              IF(I==1)THEN

                                  WRITE(KW(46),901)ISA,NBSA(ISA),IYR,IY,MO1,&

                                  LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL,ISA),&

                                  SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),&

                                  BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),&

                                  CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),PH(ISL,ISA),&

                                  SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),&

                                  PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              ELSE    

                                  WRITE(KW(46),900)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),&

                                  SOIL(9,ISL,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),&

                                  HCL(ISL,ISA),BDP(ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),&

                                  SIL(ISL,ISA),CLA(ISL,ISA),ROK(ISL,ISA),RSD(ISL,ISA),&

                                  PH(ISL,ISA),SMB(ISL,ISA),CEC(ISL,ISA),ALS(ISL,ISA),&

                                  CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,ISA),SOIL(2,ISL,ISA),&

                                  SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,ISA),&

                                  SOIL(6,ISL,ISA),SOIL(7,ISL,ISA)

                              END IF

                          END DO

                      END IF

                      IF(KFL(48)>0)CALL SOIL_05(KW(48))

                      IF(IY==IPY.AND.KFL(1)>0)THEN

                          IIP=IPYI                                                                       

                          IF(IPD>2.OR.NBSA(ISA)==ISAP)THEN

                              IF(NDP>0)THEN

                                  DO K=1,NDP                                                                 

                                      IF(K==6.OR.K==1)THEN                                                           

                                          CALL APAGE(1)                                                                  

                                          WRITE(KW(1),1064)ISA,NBSA(ISA),IYR,IY                                          

                                          WRITE(KW(1),'(T48,A)')'PESTICIDE SIMULATION(g/ha)'                             

                                      END IF                                                                         

                                      WRITE(KW(1),'(T35,A,A16,A)')'-------------------------',&

                                      PSTN(K),'-------------------------'                                                      

                                      DO L=1,7                                                                       

                                          WRITE(KW(1),145)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),&

                                          SMYP(L,K,IDOA(ISA)),HEDP(L)                                                                        

                                      END DO                                                                         

                                      DO L=8,9                                                                       

                                          WRITE(KW(1),148)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),HEDP(L)                       

                                      END DO

                                      DO L=10,13                                                                         

                                          WRITE(KW(1),145)HEDP(L),(SMMP(L,K,J,IDOA(ISA)),J=1,12),&

                                          SMYP(L,K,IDOA(ISA)),HEDP(L)

                                      END DO                                                                       

                                  END DO

                              END IF    

                              CALL APAGE(1)                                                                  

                              WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY

                              IPG=NKA                                                                             

                              IF(NKA>0)THEN

                                  ! PRINTOUT MONTHLY

                                  DO J=1,NKA                                                                     

                                      K=KA(J)                                                                        

                                      WRITE(KW(1),1130)HED(K),(SMMUA(K,I,ISA),I=1,12),SMYUA(K,ISA),HED(K)                

                                  END DO

                              END IF

                              IF(IPG==50)THEN

                                  CALL APAGE(1)                                                                  

                                  WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY                                          

                                  IPG=1                                                                          

                              END IF          

                              IF(NKS>0)THEN

                                  ! PRINTOUT STATE VARIABLES

                                  DO J=1,NKS                                                                     

                                      K=KS(J)                                                                        

                                      WRITE(KW(1),1000)HEDS(K),(STV(K,I,ISA),I=1,12),HEDS(K)                         

                                      IPG=IPG+1                                                                      

                                      IF(IPG<50)CYCLE                                                                

                                      IF(J==NKS)CYCLE                                                                

                                      CALL APAGE(1)                                                                  

                                      IPG=1                                                                          

                                  END DO                                                                         

                              END IF          

                              IF(NJC>0)THEN

                                  ! PRINTOUT CONCENTRATION VARIABLES

                                  DO J=1,NJC                                                                     

                                      K=JC(J)                                                                        

                                      WRITE(KW(1),1130)HED(K),(SMMUA(K,I,ISA),I=1,12),SMYUA(K,ISA),HED(K)                

                                      IPG=IPG+1                                                                      

                                      IF(IPG<50)CYCLE                                                                

                                      CALL APAGE(1)                                                                  

                                      IPG=1                                                                          

                                  END DO                                                                         

                              END IF                                                                      

                          ELSE

                              IF(IPD>0)THEN

                                  ! PRINTOUT ANNUAL                                                                

                                  WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,IY                                          

                                  WRITE(KW(1),1010)IYR,(HED(KA(K)),SMYUA(KA(K),ISA),K=1,NKA)                       

                                  WRITE(KW(1),1011)(HED(JC(K)),SMY(JC(K),ISA),K=1,NJC)

                              END IF    

                          END IF

                          IF(IPD==2.OR.IPD==4.OR.IPD==5.OR.IPD==8.AND.KFL(1)>0)THEN

                              WRITE(KW(1),'(T5,A)')'SOIL DATA'                                               

                              CALL SOLIOP                                                                    

                              CALL SOLIOC

                          END IF    

                      END IF    

                      IF(KFL(7)>0)THEN

                          DO J=1,NKA                                                                     

                              K=KA(J)                                                                        

                              WRITE(KW(7),1081)ISA,NBSA(ISA),IYR,IY,HED(K),(SMMUA(K,I,ISA),&

                              I=1,12),SMYUA(K,ISA),HED(K)                                                             

                          END DO                                                                         

                          DO J=1,NKS                                                                     

                              K=KS(J)                                                                        

                              WRITE(KW(7),1084)ISA,NBSA(ISA),IYR,IY,HEDS(K),(STV(K,I,ISA),&

                              I=1,12),HEDS(K)                                                                      

                          END DO

                      END IF          

                      ZTX(1)=ZTX(1)+SMY(11,ISA) * WSA(ISA) !areal weighting for AET in mm. this is divided by the watershed area (RWSX) later in BSIM

                      ZTX(2)=ZTX(2)+SMY(16,ISA)

	                    ZTX(3)=ZTX(3)+SMY(76,ISA)

                      ZTX(4)=ZTX(4)+SMY(18,ISA)

	                    ZTX(5)=ZTX(5)+SMY(40,ISA)

	                    ZTX(6)=ZTX(6)+SMY(42,ISA)

	                    ZTX(7)=ZTX(7)+SMY(43,ISA)

	                    ZTX(8)=ZTX(8)+SMY(46,ISA)

	                    ZTX(10)=ZTX(10)+SMY(51,ISA)

	                    ZTX(11)=ZTX(11)+SMY(53,ISA)

	                    ZTX(12)=ZTX(12)+SMY(54,ISA)

	                    ZTX(13)=ZTX(13)+SMY(55,ISA)

	                    ZTX(14)=ZTX(14)+SMY(56,ISA)

	                    ZTX(15)=ZTX(15)+SMY(57,ISA)

	                    ZTX(16)=ZTX(16)+SMY(36,ISA)

	                    ZTX(17)=ZTX(17)+SMY(134,ISA)

	                    ZTX(18)=ZTX(18)+SMY(135,ISA)

	                    ZTX(19)=ZTX(19)+SMY(136,ISA)

	                    ZTX(20)=ZTX(20)+SMY(4,ISA)*RFNC

	                    ZTX(31)=ZTX(31)+SMY(17,ISA) 

	                    ZTX(36)=ZTX(36)+SMY(144,ISA)                                                          

	                    ZTX(37)=ZTX(37)+SMY(145,ISA)

                      XX=NPSF(ISA)                                                                  

                      TPSF(ISA)=TPSF(ISA)/(XX+1.E-10)

                      PSTM(ISA)=PSTM(ISA)+PSTF(ISA)   

                      DO K=1,NN

                          IF((K==1.OR.K==6).AND.KFL(1)>0)THEN

                              IF(IPD>0)THEN

                                  CALL APAGE(1)                                                                  

                                  WRITE(KW(1),1060)ISA,NBSA(ISA),IYR,IY

                              END IF

                          END IF                              

                          J=LY(IRO(ISA),K,ISA)                                                           

                          IYH(J,ISA)=IYH(J,ISA)+1                                                        

                          IF((IPD>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)THEN

                              ! PRINTOUT CROP MONTHLY                                                          

                              DO I=1,17                                                                      

                                  WRITE(KW(1),1000)HEDC(I),(SMMC(I,J,K1,ISA),K1=1,12),HEDC(I)                                                   

                              END DO

                              WRITE(KW(1),1120)'STRS',(KDT(I,J,ISA),I=1,12),'STRS'                          

                          END IF    

                          DO I=1,7                                                                       

                              TSFC(I,J,ISA)=TSFC(I,J,ISA)+SFCP(I,J,ISA)                                      

                          END DO                                                                         

                          IF(ETG(J,ISA)<1.E-5)THEN                                                       

                              ETG(J,ISA)=ACET(J,ISA)                                                         

                              ACET(J,ISA)=0.                                                                 

                          END IF                                                                         

                          VAL1=YLD1(J,ISA)*PRYG(J)                                                       

                          VAL2=YLD2(J,ISA)*PRYF(J)                                                       

                          IF(CAW(J,ISA)>0.)THEN

                              TCAW(J,ISA)=TCAW(J,ISA)+CAW(J,ISA)

                          ELSE    

                              CAW(J,ISA)=AWC(J,ISA)                                                          

                              AWC(J,ISA)=0.                                                                  

                              IF(IDC(J)/=NDC(1).AND.IDC(J)/=NDC(2).AND.IDC(J)/=NDC(4)&

                              .AND.IDC(J)/=NDC(5).AND.IDC(J)/=NDC(9))THEN

                                  JP(J,ISA)=0                                                                    

                                  VIRT(ISA)=0.

                                  TCAW(J,ISA)=TCAW(J,ISA)+CAW(J,ISA)                                             

                              END IF                                                                       

                          END IF    

                          VALF1(ISA)=VALF1(ISA)+VAL1+VAL2

                          IF(ETG(J,ISA)>0.)THEN                                                

                              XX=1000.*YLD1(J,ISA)/ETG(J,ISA)

                          ELSE

                              XX=0.

                          END IF                                       

                          IF(IY==IPY)THEN

                              IF(CSTF(J,ISA)<1.E-10)THEN

                                  CSTF(J,ISA)=COST(ISA)                                                          

                                  COST(ISA)=0.

                              END IF                                                                   

                        !     PRINTOUT CROP ANNUAL                                                           

                              IF((IPD>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)THEN

                                  IF(IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.IDC(J)==NDC(10))THEN

                                      X1=.0001*PPL0(J,ISA)

                                  ELSE

                                      X1=PPL0(J,ISA)

                                  END IF

                                  IF(IPF==0)CALL PESTF

                                  X2=PSTF(ISA)

                                  WRITE(KW(1),106)CPNM(J),YLD1(J,ISA),YLD2(J,ISA),&

                                  DMF(J,ISA),YLNF(J,ISA),YLPF(J,ISA),YLKF(J,ISA),&

                                  FRTN(J,ISA),FRTP(J,ISA),FRTK(J,ISA),VIR(J,ISA),&

                                  CAW(J,ISA),XX,X1,X2,CSTF(J,ISA),VAL1,VAL2,&

                                  EK(ISA),WK(ISA),THK(ISA)

                                  WRITE(KW(1),1020)(SFCP(I,J,ISA),I=1,7)

                              END IF

                          END IF                                         

                          IF(KFL(24)>0)THEN

                              X2=.001*ZOC(ISA)

                              X3=MAX(DMF(J,ISA),DM(J,ISA))

                              WRITE(KW(24),98)ISA,NBSA(ISA),IYR,IY,CPNM(J),YLD1(J,ISA),&

                              YLD2(J,ISA),X3,(SFCP(I,J,ISA),I=1,7),ZNO3(ISA),&               

                              ZPML(ISA),PDPLC(ISA),X2,OCPD(ISA),RSD(LD1,ISA),ARSD(ISA),&

                              VIR(J,ISA),FRTN(J,ISA),FRTP(J,ISA),SMYUA(54,ISA),SMYUA(55,ISA),&

                              SMYUA(53,ISA),SMYUA(57,ISA),SMYUA(56,ISA),SMYUA(144,ISA),SMYUA(145,ISA)

                          END IF                         

                          TDM(J,ISA)=TDM(J,ISA)+DMF(J,ISA)                                               

                          TYL1(J,ISA)=TYL1(J,ISA)+YLD1(J,ISA)                                            

                          TYL2(J,ISA)=TYL2(J,ISA)+YLD2(J,ISA)                                            

                          TYLN(J,ISA)=TYLN(J,ISA)+YLNF(J,ISA)                                            

                          TYLP(J,ISA)=TYLP(J,ISA)+YLPF(J,ISA)

                          TYLK(J,ISA)=TYLK(J,ISA)+YLKF(J,ISA)

                          TFTN(J,ISA)=TFTN(J,ISA)+FRTN(J,ISA)

                          TFTP(J,ISA)=TFTP(J,ISA)+FRTP(J,ISA)

                          TFTK(J,ISA)=TFTK(J,ISA)+FRTK(J,ISA)

                          TVIR(J,ISA)=TVIR(J,ISA)+VIR(J,ISA)

                          X1=YLD1(J,ISA)+YLD2(J,ISA)

                          IF(X1>0..OR.IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.&

                          IDC(J)==NDC(10))THEN                                            

                              TCPA(J)=TCPA(J)+WSAX

                              IF(IDC(J)==9)X1=YLD1(J,ISA)

                              TCPY(J)=TCPY(J)+WSAX*X1

                          END IF

                          ZTX(21)=ZTX(21)+YLNF(J,ISA)*WSAX

                          ZTX(22)=ZTX(22)+YLPF(J,ISA)*WSAX

                          IF(YLNF(J,ISA)>0.)THEN                                                         

                              NYLN(J,ISA)=NYLN(J,ISA)+1                                                      

	                          XX=NYLN(J,ISA)                                                                      

                              X1=XX+1.                                                                       

                              ! UNA(J,ISA)=(UNA(J,ISA)+PRMT(28)*TYLN(J,ISA))/XX                                

                              UNA(J,ISA)=(UNA(J,ISA)*XX+1000.*DMF(J,ISA)*BN(3,J))/X1                         

                          END IF                                                                         

                          TRD(J,ISA)=TRD(J,ISA)+RDF(J,ISA)                                               

                          THU(J,ISA)=THU(J,ISA)+HUF(J,ISA)                                               

                          TETG(J,ISA)=TETG(J,ISA)+ETG(J,ISA)                                             

                          CST1(ISA)=CST1(ISA)+CSTF(J,ISA)                                                

                          YLNF(J,ISA)=0.                                                                 

                          YLPF(J,ISA)=0.

                          YLKF(J,ISA)=0.                                                                 

                          DMF(J,ISA)=0.

                          FRTN(J,ISA)=0.

                          FRTP(J,ISA)=0.

                          FRTK(J,ISA)=0.                                                                  

                          VIR(J,ISA)=0.                                                                  

                          CAW(J,ISA)=0.                                                                  

                          RDF(J,ISA)=0.                                                                  

                          HUF(J,ISA)=0.                                                                  

                          CSTF(J,ISA)=0.                                                                 

                          ETG(J,ISA)=0.                                                                  

                          IF(IDC(J)/=NDC(2).AND.IDC(J)/=NDC(5))DM1(J,ISA)=0.                             

                      END DO                                                                         

                      IF(KFL(4)>0)WRITE(KW(4),99)ISA,NBSA(ISA),IYR,IY,(SMYUA(KY(J1),&                  

                      ISA),J1=1,NKY)                                                                 

                      DO I=1,12                                                                      

                          XTX(I)=XTX(I)+SMM(4,I,ISA)                                                     

                      END DO                                                                         

                      XTX(13)=XTX(13)+SMY(4,ISA)

                      IF(ISA==1)THEN

                          ZTX(29)=SMYUA(31,1)

                          ZTX(30)=BTCX(1)/WSA(1)    ! ZTX(30)=BTCX(1) original statement modified to correct unit in AWP - Luca Doro 2023-04

                      END IF

                      BTCX(ISA)=ZOC(ISA)

                      RSVF(ISA)=RSV(ISA)                                                             

                      ARSD(ISA)=0.                                                                   

                      RSYF(ISA)=STV(14,12,ISA)                                                       

                      DO K=1,NKS                                                                     

                          DO I=1,12                                                                    

                              STV(K,I,ISA)=0.                                                              

                          END DO                                                                       

                      END DO                                                                         

                      KT(ISA)=1                                                                      

                      KP1(ISA)=1                                                                     

                      KC(ISA)=0                                                                      

                      NDFA(ISA)=0                                                                    

                      IF(NDP>0)THEN

                          DO K=1,NDP

                              TLHP(K)=TLHP(K)+SMYP(3,K,IDOA(ISA))*WSAX

		                      TSSP(K)=TSSP(K)+SMYP(4,K,IDOA(ISA))*WSAX

		                      TDSP(K)=TDSP(K)+SMYP(7,K,IDOA(ISA))*WSAX

		                      TDFP(K)=TDFP(K)+SMYP(6,K,IDOA(ISA))*WSAX

		                      TDRP(K)=TDRP(K)+SMYP(10,K,IDOA(ISA))*WSAX

		                      TRFP(K)=TRFP(K)+SMYP(11,K,IDOA(ISA))*WSAX                                                                                                                                          

                              DO K1=1,13                                                                    

                                  SMYP(K1,K,IDOA(ISA))=0.                                                            

                                  DO I=1,12                                                                

                                      SMMP(K1,K,I,IDOA(ISA))=0.                                                      

                                  END DO                                                                   

                              END DO                                                                       

                          END DO

                      END IF                                                                                   

                  END DO !SA LOOP                                                                       

                  MO1=MO

                  ! CALL NCONT X                                                                    

                  IF(MO1==12)EXIT

              END DO ! MONTHLY LOOP

          END DO ! DAILY LOOP                                                                

          IF(NDP>0)THEN

              D15=SRCH(15,NCMD)-D150

	          TPRK=TPRK/RWSX

	          DO K=1,NDP

		          TLHP(K)=TLHP(K)/RWSX

		          TSSP(K)=TSSP(K)/RWSX

		          TDSP(K)=TDSP(K)/RWSX

  		          TDFP(K)=TDFP(K)/RWSX

		          TDRP(K)=TDRP(K)/RWSX

		          TRFP(K)=TRFP(K)/RWSX

              END DO

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),18)                                                                

                  WRITE(KW(1),1062)IYR,IY                                                        

              END IF    

              DO K=1,NDP                                                                  

                  SUM=0.                                                                         

                  DO I=1,12                                                                    

                      SMMRP(5,K,I)=SMMRP(5,K,I)/RWSX                                         

                      SUM=SUM+SMMRP(5,K,I)                                                         

                      SMRP(5,K,I)=SMRP(5,K,I)+SMMRP(5,K,I)                                         

                  END DO

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3)PSTN(K)                                                          

                      WRITE(KW(1),2)HEDP(1),(SMMRP(5,K,I),I=1,12),SUM,HEDP(1)                        

                  END IF    

                  DO I=1,12                                                                    

                      SMMRP(5,K,I)=0.                                                              

                  END DO

                  I1=0

                  ZTX(31)=ZTX(31)/RWSX

                  IF(KFL(27)>0)THEN

                      X1=SMYRP(3,K)

                      IF(K==1)THEN

	                      WRITE(KW(27),537)I1,I1,IYR,IY,SMYR(9),D15,TPRK,&

	                      ZTX(31),SMYR(11),TAC,PSTN(1),SUM,X1,TLHP(K),&

	                      TSSP(K),SMYRP(4,1),TDFP(K),TDSP(K),TDRP(K),TRFP(K)

                      ELSE

       	                  WRITE(KW(27),538)PSTN(K),SUM,X1,TLHP(K),TSSP(K),&

       	                  SMYRP(4,K),TDFP(K),TDSP(K),TDRP(K),TRFP(K)

                      END IF

                  END IF

                  TAC=0.                                                                       

                  DO J=1,2                                                                     

                      J1=J+2                                                                       

                      SMYRP(J,K)=SMYRP(J,K)/RWSX                                             

                      DO I=1,12                                                                

                          SMMRP(J,K,I)=SMMRP(J,K,I)/RWSX                                      

                          SMRP(J,K,I)=SMRP(J,K,I)+SMMRP(J,K,I)                                     

                          SMRP(J1,K,I)=SMRP(J1,K,I)+SMMRP(J1,K,I)                                  

                      END DO

                      IF(KFL(1)>0)THEN

                          WRITE(KW(1),2)HDRP(J),(SMMRP(J,K,I),I=1,12),SMYRP(J,K),HDRP(J)                 

                          WRITE(KW(1),2)HDRP(J1),(SMMRP(J1,K,I),I=1,12),SMYRP(J1,K),HDRP(J1)             

                      END IF    

                      SMYRP(J,K)=0.                                                                  

                      SMYRP(J1,K)=0.                                                                 

                  END DO

              END DO              

              D150=SRCH(15,NCMD)

          END IF              

          CALL APAGE(0)

          DO I=1,28    

              ZTX(I)=ZTX(I)/RWSX

          END DO

          DO I=32,35    ! DO I=32,37 replaced to fix error in YTHS and YWTH in AWP output file - Luca Doro 2023-04

              ZTX(I)=ZTX(I)/RWSX

          END DO

          DO I=1,13

              XTX(I)=.1*XTX(I)/RWSX

          END DO

          DO J=1,20 

              IF(J<3.OR.J==11.OR.J==12)THEN

                  X1=.1

              ELSE

                  X1=1.

              END IF    

              SMYR(J)=X1*SMYR(J)/RWSX                                                     

          END DO

          YTP(1)=SRCH(15,NCMD)-YTP(1)

          YTP(2)=SRCH(16,NCMD)-YTP(2)

          YTP(3)=SRCH(19,NCMD)-YTP(3)

          YTP(4)=SRCH(20,NCMD)-YTP(4)

          YTP(5)=SRCH(17,NCMD)-YTP(5)

          YTP(6)=SRCH(21,NCMD)-YTP(6)

          YTP(7)=SRCH(18,NCMD)-YTP(7)

          YTP(8)=SRCH(22,NCMD)-YTP(8)

          YTP(9)=SRCH(25,NCMD)-YTP(9)

          YTP(10)=SRCH(11,NCMD)-YTP(10)

          YTP(11)=SRCH(27,NCMD)-YTP(11)

          IF(KFL(8)>0)WRITE(KW(8),936)IYR,XTX(13),ZTX(1),SMYR(1),YTP(1),&

          YTP(2),YTP(3),YTP(4),ZTX(2),ZTX(4),SMYR(2),SMYR(13),ZTX(16),&

          YTP(10)/RWSX,YTP(5)/RWSX,YTP(6)/RWSX,YTP(7)/RWSX,SMYR(14),ZTX(17),&    ! YTP(10), YTP(5), YTP(6), and YTP(7) divided by RWSX to output kg/ha - Luca Doro 2023-04

          YTP(8),ZTX(5),ZTX(6),ZTX(8),ZTX(7),ZTX(11),ZTX(12),ZTX(13),SMYR(17),&

          SMYR(15),ZTX(18),ZTX(10),ZTX(14),ZTX(15),ZTX(3),YTP(9),(ZTX(I),I=19,28),&

          ZTX(32),ZTX(33),ZTX(34),ZTX(35),ZTX(30),ZOC(1),ZTX(29),ZTX(36),&

          ZTX(37),YTP(11)

          YTP(1)=SRCH(15,NCMD)

          YTP(2)=SRCH(16,NCMD)

          YTP(3)=SRCH(19,NCMD)

          YTP(4)=SRCH(20,NCMD)

          YTP(5)=SRCH(17,NCMD)

          YTP(6)=SRCH(21,NCMD)

          YTP(7)=SRCH(18,NCMD)

          YTP(8)=SRCH(22,NCMD)

          YTP(9)=SRCH(25,NCMD)

          YTP(10)=SRCH(11,NCMD)

          YTP(11)=SRCH(27,NCMD)

          IF(IPD>0)CALL APAGE(0)

          DO J=1,10                                                                   

              J1=J+10                                                                        

              DO I=1,12

                  IF(J<3)THEN

                      X1=.1

                  ELSE

                      X1=1.

                  END IF    

                  SMR(J1,I)=SMR(J1,I)+SMMR(J1,I)                                                 

                  SMR(J,I)=SMR(J,I)+SMMR(J,I)                                                    

                  SMMR(J,I)=X1*SMMR(J,I)/RWSX                                                 

                  SMMR(J1,I)=X1*SMMR(J1,I)/RWSX                                                 

              END DO

          END DO

          IF(KFL(28)>0)THEN

              DO I=1,12                                                                      

	              CY=.1*SMMR(13,I)/(SMMR(11,I)+.1)

	              X3=MIN(.95,DRSW*PRMT(63))                                                               

                  X4=MIN(.95,DRSW*PRMT(75))                                                               

	              ZTZ(1)=SMMR(12,I)                                                                   

	              ZTZ(2)=SMMR(13,I)*DRSW                                                              

                  ZTZ(3)=SMMR(14,I)*X3                                                           

                  ZTZ(4)=SMMR(15,I)*X4                                                           

                  ZTZ(5)=SMMR(16,I)                                                              

                  ZTZ(6)=SMMR(17,I)

                  DO K=1,NDP

                      SMMRP(4,K,I)=X4*SMMRP(4,K,I)

                  END DO                                                              

  	              WRITE(KW(28),895)IYR,I,(ZTZ(J),J=1,6),(SMMRP(3,K,I),&

  	              SMMRP(4,K,I),K=1,NDP)

  	              DO K=1,6

  	                  SMSW(K)=SMSW(K)+ZTZ(K)

  	              END DO

  	          END DO                                                                         

          END IF

          DO IDO=1,NCMD	                                                                      

              DO K=1,NSH                                                                 

                  DO MO=1,12                                                                   

                      IF(K==7)CYCLE                                                                

		              SMYH(K,IDO)=SMYH(K,IDO)+SMMH(K,MO,IDO)                                             

		              SMH(K,IDO)=SMH(K,IDO)+SMMH(K,MO,IDO)                                               

                  END DO

              END DO 

          END DO

          SMMRP=0.

          AVRF=0.                                                                        

          IF(KFL(35)>0.OR.KFL(38)>0.OR.KFL(39)>0)THEN

              NTX=0                                                                          

              DO IDO=1,NCMD	                                                                      

	              DO MO=1,12                                                                          

		              SMMH(7,MO,IDO)=1.E5*SMMH(6,MO,IDO)/(SMMH(2,MO,IDO)*RWSA&

		              (IDO)+1.E-10)                                                                       

	              END DO                                                                         

                  DO K=1,NSH                                                                 

                      DO MO=1,12                                                                   

                          IF(K==7)CYCLE                                                                

		                  IF(K<5.OR.K>32)THEN                                                                

                              N2=NC(MO+1)                                                                  

                              IF(MO==2)N2=N2-NYD                                                           

		                      XM=N2-NC(MO)                                                                       

		                      SMMH(K,MO,IDO)=SMMH(K,MO,IDO)/XM                                 

		                  END IF                                                                             

		              END DO

		          END DO                                                                           

                  SMYH(7,IDO)=1.E5*SMYH(6,IDO)/(SMYH(2,IDO)*RWSA(IDO)+1.E-10)                    

		          DO K=1,NSH                                                                         

		              IF(K<5.OR.K>32)THEN                                                                

		                  X1=366-NYD                                                                         

		                  SMYH(K,IDO)=SMYH(K,IDO)/X1                                       

		              END IF                                                                             

		          END DO                                                                             

              END DO                                                                         

	          IF(KFL(35)>0.AND.IPD<3)THEN                                                                       

	              DO I=1,MSA                                                                          

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)                                                                         

	                  IF(IEXT(I2)>0)THEN

	                      II=IDOA(I2)

	                      X2=WSA(I2)

	                      I3=II

	                  ELSE

	                      II=IDOA(I2)-1

	                      X2=RWSA(II)+WSA(I2)

	                      I3=II+2

	                  END IF                                                                      

                      IF(NTX(II)>0)CYCLE                                                             

                      WRITE(KW(35),472)I1,II,IYR,X2,SMYH(1,II),SMYH(2,I3),SMYH&                

                      (33,II),SMYH(35,I3),(SMYH(K,II),K=3,NSH-3)

                      !,(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)                                                            

	                  NTX(II)=1                                                                           

	              END DO                                                                              

	          END IF  

              IF(KFL(39)>0)THEN

	              DO MO=1,12

	                  DO I=1,NCMO

	                      II=ICMO(I)

	                      WRITE(KW(39),472)II,IYR,MO,RWSA(II),SMMH(1,MO,II),&

	                      SMMH(2,MO,II),SMMH(33,MO,II),SMMH(34,MO,II),&

	                      (SMMH(K,MO,II),K=3,NSH-2)

	                  END DO

	              END DO

	          END IF            

              IF(IPD>2.AND.IPD<6)THEN                                                             

	              DO MO=1,12                                                                          

                      NTX=0                                                                          

                      DO I=1,MSA                                                                         

	                      I1=NBSA(IBSA(I))                                                                   

	                      I2=NISA(I1)

	                      IF(IEXT(I2)>0)THEN

	                          II=IDOA(I2)

	                          X2=WSA(I2)

	                          I3=II

	                      ELSE

	                          II=IDOA(I2)-1

	                          X2=RWSA(II)+WSA(I2)

	                          I3=II+2

	                      END IF                                                                     

	                      IF(NTX(II)>0)CYCLE                                                                 

	                      WRITE(KW(35),472)I1,IYR,MO,X2,SMMH(1,MO,II),SMMH(2,MO,I3),&

	                      SMMH(33,MO,II),SMMH(35,MO,I3),(SMMH(K,MO,II),K=3,NSH-3)

	                      !,&(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)                               

	                      NTX(II)=1                                                                          

	                  END DO                                                                             

	              END DO                                                                              

	          END IF                                                                              

          END IF	                                                                                   

          SMMH=0.                                                                             

	      SMYH=0.

          IF(KFL(34)>0)THEN

              IF(IPD>2.AND.IPD<6)THEN                                                        

	              DO MO=1,12                                                                          

	                  DO I=1,MSA                                                                         

	                      I1=NBSA(IBSA(I))                                                                   

	                      I2=NISA(I1)                                                                        

	                      II=IDOA(I2)

	                      X1=.001*ZOC(I2)

                          WRITE(KW(34),471)I1,IYR,MO,WSA(I2),SMMUA(4,MO,I2),&

                          SMMUA(5,MO,I2),SMMUA(6,MO,I2),SMMUA(18,MO,I2),SMMUA(10,MO,I2),&

                          SMMUA(11,MO,I2),SMMUA(120,MO,I2),SMMUA(16,MO,I2),SMMUA(71,MO,I2),&

                          SMMUA(13,MO,I2),SMMUA(15,MO,I2),SMMUA(72,MO,I2),SMMUA(117,MO,I2),&

                          SMMUA(14,MO,I2),SMMUA(1,MO,I2),SMMUA(2,MO,I2),SMMUA(59,MO,I2),&

                          SMMUA(3,MO,I2),SMMUA(27,MO,I2),SMMUA(31,MO,I2),SMMUA(53,MO,I2),&

                          SMMUA(54,MO,I2),SMMUA(55,MO,I2),SMMUA(56,MO,I2),SMMUA(57,MO,I2),&

                          SMMUA(43,MO,I2),SMMUA(42,MO,I2),SMMUA(37,MO,I2),SMMUA(119,MO,I2),&

                          SMMUA(38,MO,I2),SMMUA(49,MO,I2),SMMUA(118,MO,I2),SMMUA(39,MO,I2),&

                          SMMUA(80,MO,I2),X1,(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ),&

                          (YLD1(LY(IRO(I2),J,I2),I2),YLD2(LY(IRO(I2),J,I2),I2),&

                          (SMMC(K,LY(IRO(I2),J,I2),MO,I2),K=1,17),CPNM&

                          (LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                      END DO                                                                        

                  END DO      	                                                                  

              END IF

              IF(IPD>0.AND.IPD<3)THEN                                                                         

                  DO I=1,MSA                                                                     

	                  I1=NBSA(IBSA(I))                                                                    

	                  I2=NISA(I1)	                                                                        

	                  II=IDOA(I2)

	                  X1=.001*ZOC(I2)	                                                                        

                      WRITE(KW(34),859)I1,IYR,IGC,WSA(I2),SMYUA(4,I2),SMYUA(5,I2),&

                      SMYUA(6,I2),SMYUA(18,I2),SMYUA(10,I2),SMYUA(11,I2),RZSW(I2),&

                      SMYUA(16,I2),SMYUA(71,I2),SMYUA(13,I2),SMYUA(15,I2),SMYUA(72,I2),&

                      SMYUA(117,I2),SMYUA(14,I2),SMYUA(1,I2),SMYUA(2,I2),SMYUA(59,I2),&

                      SMYUA(3,I2),SMYUA(27,I2),SMYUA(31,I2),SMYUA(53,I2),SMYUA(54,I2),&

                      SMYUA(55,I2),SMYUA(56,I2),SMYUA(57,I2),SMYUA(43,I2),SMYUA(42,I2),&

                      SMYUA(37,I2),SMYUA(119,I2),SMYUA(38,I2),SMYUA(49,I2),SMYUA(118,I2),&

                      SMYUA(39,I2),SMYUA(80,I2),X1,(YLD1(LY(IRO(I2),J,I2),I2),YLD2&

                      (LY(IRO(I2),J,I2),I2),(SFCP(K,J,I2),K=1,7),&

                      CPNM(LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                  END DO

              END IF

          END IF

          SMM=0.

          SMMUA=0.

          SMMC=0.                                                                        

          SMY=0.  

          SMYUA=0.

          YLD1=0.                                                                        

          YLD2=0. 

          SFCP=0.

          NPSF=0                                                                

          TPSF=0. 

          IF(KFL(1)>0)THEN

              WRITE(KW(1),18)                                                                

              WRITE(KW(1),1062)IYR,IY                                                        

              WRITE(KW(1),1130)HED(4),(XTX(I),I=1,13),HED(4)                                 

          END IF    

          IF(KFL(15)>0)WRITE(KW(15),6)IYR,(XTX(I),I=1,13)

          IF(KFL(17)>0)WRITE(KW(17),4083)IYR,XTX(13),(SMYR(J),SMYR(J+10),&               

          J=1,10)                                                                        

          DO J=1,10                                                                   

              J1=J+10                                                                        

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),1130)HEDR(J),(SMMR(J,I),I=1,12),SMYR(J),HEDR(J)                    

                  WRITE(KW(1),1130)HEDR(J1),(SMMR(J1,I),I=1,12),SMYR(J1),HEDR(J1)                

              END IF    

              IF(KFL(15)>0)WRITE(KW(15),1130)HEDR(J1),(SMMR(J1,I),I=1,12),&                  

              SMYR(J1),HEDR(J1)                                                              

              SMYR(J)=0.                                                                     

              SMYR(J1)=0.                                                                    

              DO I=1,12                                                                      

                  SMMR(J,I)=0.                                                                   

                  SMMR(J1,I)=0.                                                                  

              END DO

          END DO                                                                         

          DO I=1,12                                                                      

              SMR(21,I)=SMR(21,I)+SMMR(21,I)                                                 

              SMMR(21,I)=0.                                                                  

          END DO                                                                         

	      SMYR(21)=0.                                                                         

          TMAF=TMAF+TMAP                                                                 

          TMAP=0.                                                                        

          IBD=1                                                                          

          MO=1                                                                           

          IYR=IYR+1                                                                      

          DO IOW=1,NBON                                                                  

	          IF(NHRD(IOW)==0)CYCLE                                                               

              DO IHD=1,NHRD(IOW)                                                             

	              IF(NYHO(IHD,IOW)==0)CYCLE                                                           

	              IYHO(IHD,IOW)=IYHO(IHD,IOW)+1                                                       

	              IF(IYHO(IHD,IOW)>NYHO(IHD,IOW))IYHO(IHD,IOW)=1                                      

	          END DO                                                                              

	      END DO                                                                              

  	      IYX=IYX+1                                                                         

          NYD=1                                                                          

          IPY=IPY+IIP 

          IF(ISW<2.OR.ISW==4.OR.ISW==6)THEN                                                                      

	          DO ISA=1,MSA                                                                    

                  XX=0.                                                                          

                  DO I=1,NBSL(ISA)                                                             

                      J=LID(I,ISA)                                                                 

                      X1=1000.*(Z(J,ISA)-XX)                                                       

                      Y1=.1*WOC(J,ISA)/WT(J,ISA)

                      SELECT CASE(ISW)

                          CASE(0,1)

                              CALL SWRTNR(CLA(J,ISA),SAN(J,ISA),Y1,X2,X3)

                          CASE(4)    

                              CALL SWNN(CLA(J,ISA),SAN(J,ISA),Y1,X2,X3)

                          CASE(6)

                              CALL SWRTN_BNW(CLA(J,ISA),SAN(J,ISA),Y1,BD(J,ISA),X2,X3)

                      END SELECT

                      XY=1.-ROK(J,ISA)*.01                                                         

                      S15(J,ISA)=X2*X1*XY                                                          

                      FC(J,ISA)=X3*X1*XY                                                           

                      CALL SPOFC(J)                                                                

                      XX=Z(J,ISA)                                                                  

                  END DO 

              END DO                                                                      

          END IF                                                                         

          CALL ALPYR(IYR,NYD,LPYR)                                                       



          !End-of-year update for Richards parameters J Jeong 2017 

          IF(IPRK>1)THEN

	          DO ISA=1,MSA                                                                    

                  XX=0.

                  DO I=1,NBSL(ISA)

                      J=LID(I,ISA)

                      X1=1000.*(Z(J,ISA)-XX)

                      CALL FREPARM(CLA(J,ISA), .1*WOC(J,ISA)/WT(J,ISA),SAN(J,ISA),BD(J,ISA),S15(J,ISA)/X1,FC(J,ISA)/X1,PO(J,ISA)/X1,VGA(J,ISA),vgN(J,ISA),vgSat(J,ISA),vgRes(J,ISA),.1*WOC(LID(1,ISA),ISA)/WT(LID(1,ISA),ISA))

                      XX=Z(J,ISA) 

                  END DO

              END DO

          END IF

          IF(ISTA==0)CYCLE                                                           

          DO ISA=1,MSA                                                                   

              DO L=1,NBSL(ISA)                                                             

                  WHSC(L,ISA)=SOL(1,L,ISA)                                                              

                  WHPC(L,ISA)=SOL(2,L,ISA)                                                         

                  WLSC(L,ISA)=SOL(3,L,ISA)                                                         

                  WLMC(L,ISA)=SOL(4,L,ISA)                                                         

                  WBMC(L,ISA)=SOL(5,L,ISA)                                                         

                  WOC(L,ISA)=SOL(6,L,ISA)                                                          

                  WHSN(L,ISA)=SOL(7,L,ISA)                                                         

                  WHPN(L,ISA)=SOL(8,L,ISA)                                                         

                  WLSN(L,ISA)=SOL(9,L,ISA)                                                         

                  WLMN(L,ISA)=SOL(10,L,ISA)                                                        

                  WBMN(L,ISA)=SOL(11,L,ISA)                                                        

	              WON(L,ISA)=SOL(12,L,ISA)                                                              

	              WPMA(L,ISA)=SOL(13,L,ISA)                                                              

                  WPMS(L,ISA)=SOL(14,L,ISA)                                                          

                  WPO(L,ISA)=SOL(15,L,ISA)                                                          

                  ! SWST(L,ISA)=SOL(18,L,ISA)                                                          

	              WLS(L,ISA)=SOL(19,L,ISA)                                                              

	              WLM(L,ISA)=SOL(20,L,ISA)                                                              

	              WLSL(L,ISA)=SOL(21,L,ISA)                                                             

                  WLSLC(L,ISA)=SOL(22,L,ISA)                                                       

                  WLSLNC(L,ISA)=SOL(23,L,ISA)

              END DO                                                                       

          END DO 

      END DO ! ANNUAL LOOP   

      L=KND                                                                          

      DO I=1,NWTH                                                                    

          REWIND KRST(I)                                                                   

      END DO                                                                         

                                                               

      IY=NBYR+1                                                                      

      RETURN                                                                         

    2 FORMAT(1X,A4,13E12.4,2X,A4)                                                    

    3 FORMAT(6X,A8)                                                                  

    6 FORMAT(1X,I4,13E12.4)

    8 FORMAT(5X,'IDO= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',F8.3,' mm',2X,&

      'PEAK RATE= ',E13.5,' m3/s'/10X,'TP= ',F7.2,' h')

   12 FORMAT(5X,A2,2I8,3I4,5F10.2)                                                                    

   18 FORMAT(//1X,'______________ANNUAL WATERSHED TABLE_________________&            

      _'/T10,'SUM OF SUBAREA OUTFLOWS/TOTAL WATERSHED OUTFLOW'/)                     

   26 FORMAT(10X,100F10.2)

   50 FORMAT(/T5,'YEAR ',I4,' OF ',I4,/)                                             

   98 FORMAT(1X,2I8,1X,I4,1X,I4,1X,A4,60F10.2)                                       

   99 FORMAT(1X,2I8,1X,2I4,60E12.4)                                                  

  105 FORMAT(16X,3F8.0)

  106 FORMAT(2X,A4,1X,'YLD=',F5.1,'/',F5.1,2X,'BIOM=',F5.1,'t/ha',2X,&               

      'YLN=',F5.0,2X,'YLP=',F5.0,2X,'YLK=',F5.0,2X,'FN=',F5.0,'kg/ha',&

      2X,'FP=',F5.0,'kg/ha',2X,'FK=',F5.0,'kg/ha'/T7,'IRGA=',F5.0,2X,&

      'CAW=',F5.0,'mm',2X,'WUEF=',F6.2,'kg/mm',2X,'POP=',F9.4,'p/m2',&

      2X,'PSTF=',F5.2/T7,'COST=',F7.0,2X,'RTRN=',F5.0,&

      '/',F5.0,'$/ha',2X,'EK=',F6.3,2X,'WK=',F6.3,2X,'THK=',F5.0,' mm')                                                        

  123 FORMAT(I5,1X,A16,F12.0,3F8.0,F10.0,F8.0)    

  145 FORMAT(1X,A4,13F12.5,2X,A4)                                                    

  148 FORMAT(1X,A4,12F12.5,14X,A4)

  153 FORMAT(1X,2I8,1X,3I4,6X,100E12.4)      

  154 FORMAT(1X,2I8,1X,I4,2I2,100F10.4)

  155 FORMAT(I9,1X,I4,I4,1X,5F10.2,5(A10,11F10.2,2F10.4,2F10.2))  

  471 FORMAT('BIGSUB',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,6F10.4,5(19F10.2,A10))                      

  472 FORMAT('REACH',I6,I9,I6,50E12.4)

  473 FORMAT('REACH',I6,I9,F6.2,50E12.4)      

  537 FORMAT(1X,4I5,6F8.2,1X,A16,11E13.6)

  538 FORMAT(70X,A16,11E13.6) 

  666 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)                   

  667 FORMAT(1X,2I8,1X,I4,2I2,2X,'LIME',12X,I6,6X,'   9',8X,F10.2,10X,&              

      2F10.2)                                                                        

  682 FORMAT(1X,3I4,400E12.5)      

  730 FORMAT(4X,'Y',3X,'M',3X,'D',5X,A4,1X,1000(A7,A2,4X))                                                                         

  731 FORMAT(4X,'Y',3X,'M',3X,'D',8X,'SW15',8X,'SW30',7X,'NO315',7X,&                

      'NO330',7X,'NH315',7X,'NH330',200(8X,A4))                                   

  842 FORMAT(1X,A20,2X,3A20,5I4,44F8.2,10(2X,A4,8F8.2))

  859 FORMAT('BIGSUB',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,60X,6(2F10.2,90X,7F10.2,A10))                              

  892 FORMAT(2X,'BUY/SELL',I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,'SIZE='&            

      ,I8,' HD')                                                                     

  894 FORMAT(1X,3I4,100E12.4)                                                        

  895 FORMAT(1X,I4,1X,I4,1X,100(1X,F10.3))

  900 FORMAT(T30,I4,1X,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)      

  901 FORMAT(2I8,1X,4I4,1X,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)                  

  902 FORMAT(1X,I4,1X,I4,1X,100(1X,E16.6))                                           

  !903 FORMAT(1X,2I8,I5,2I3,1X,4F10.2,12(1X,A16,12F10.4))

  !904 FORMAT(1X,2I8,I5,2I3,41X,1X,A16,12F10.4)                                       

  !909 FORMAT(1X,2I8,1X,I4,2I2,1X,4F8.2,15(3X,A16,3E12.5))                            

  936 FORMAT(5X,I4,100E12.4)     

 1000 FORMAT(1X,A4,12E12.4,14X,A4)                                                   

 1010 FORMAT(//I5,9(2X,A4,F8.2)/(5X,9(2X,A4,F8.2)))                                  

 1011 FORMAT(5X,9(2X,A4,1X,E12.4))                                                       

 1020 FORMAT(T10,'STRESS DAYS(BIOMASS)--  WATER=',F5.1,2X,'N=',F5.1,2X,&

      'P=',F5.1,2X,'K=',F5.1,2X,'TEMP=',F5.1,2X,'AIR=',F5.1,2X,'SALT=',F5.1)                           

 1060 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4/T11,&               

      'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,&               

      'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')                            

 1061 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4)                    

 1062 FORMAT(35X,' YR=',I4,' YR#=',I4/T11,'JAN',9X,'FEB',9X,'MAR',9X,&               

      'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,&               

      'NOV',9X,'DEC',9X,' YR')                                                       

 1064 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' YR=',I4,' YR#=',I4/T14,&               

      'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,&               

      'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')                            

 1070 FORMAT(14X,15F6.0)                                                              

 1081 FORMAT(1X,2I8,1X,2I4,1X,A4,13E13.5,2X,A4)                                      

 1084 FORMAT(1X,2I8,1X,2I4,1X,A4,12E13.5,11X,A4)                                     

 1100 FORMAT(2X,A4,1X,'YLD=',F5.1,'/',F5.1,'t/ha',2X,'BIOM=',F6.2,'t/ha'&            

      ,2X,'WUEF=',F6.2,'t/mm',2X,'YLN=',F5.0,'kg/ha',2X,'YLP=',F5.0,&                

      'kg/ha',2X,'CAW=',F7.0,' mm',2X,'POP=',F9.4,'P/m2'/4X,'COST=',&

      F7.0,'$/ha',2X,'RTRN=',F5.0,'/',F5.0,'$/ha',2X,'IRGA=',F5.0,' mm',&

      2X,'EK=',F5.2,2X,'WK=',F5.2,2X,'THK=',F5.0,' mm')                                  

 1120 FORMAT(1X,A4,12I9,11X,A4)                                                      

 1130 FORMAT(1X,A4,13E12.4,2X,A4)                                                    

 4083 FORMAT(1X,I4,F10.0,20F10.2)                                                    

      END                                                                            








src/BSUB.f90

      SUBROUTINE BSUB(IXP)

!     APEX1501

!     THIS SUBPROGRAM DRIVES THE DAILY SUBAREA SIMULATION.

      USE PARM

      character(len=8):: idate_yr, idate_mo, idate_day,idate_char

      integer:: IYMDW_date

      DIMENSION JGO(MNC)

      IDO=IDOT(ICMD)

      ISA=IDN1T(ICMD)

      IDOA(ISA)=IDO

      NISA(NBSA(ISA))=ISA

	  IDNB(IDO)=NBSA(ISA)

      IOW=IDON(ISA)

      WSAX=WSA(ISA)

      WSAX1=WSAX*10.

      RWSA(IDO)=WSAX

      LNS=LID(NBSL(ISA),ISA)

      LD1=LID(1,ISA)

      NMW(ISA)=NMW(ISA)+1

      DDMP=0.

      SDN=0.

      LRD(ISA)=MIN(LRD(ISA),NBSL(ISA))

      CALL WHLRMX(IDA)                                                                    

      IHRL(MO,ISA)=IHRL(MO,ISA)+1                                                            

      THRL(MO,ISA)=THRL(MO,ISA)+HRLT                                                         

      SRMX(MO,ISA)=SRMX(MO,ISA)+RAMX

      IF(SRAD(IRF(ISA))<1.E-10.OR.SRAD(IRF(ISA))>900..OR.SRAD(IRF(ISA))<-90..OR.KGN(3)==0)THEN

          OBSL(IWI,MO)=RAMX*MAX(.8,.21*SQRT(OBMX(IWI,MO)-OBMN(IWI,MO)))

          CALL WGN

          I=IRF(ISA)

          CALL WSOLRA(I)

      END IF

      IF(IPTS(ISA)>0)THEN

	      I=IPSO(ISA)

          SMM(104,MO,ISA)=SMM(104,MO,ISA)+PSOQ(I)

          SMM(105,MO,ISA)=SMM(105,MO,ISA)+PSON(I)

          VAR(105,ISA)=PSON(I)

          SMM(106,MO,ISA)=SMM(106,MO,ISA)+PSOP(I)

	      PSQX=PSOQ(I)/WSAX1

	      PSYX=PSOY(I)/WSAX

          PONX=PSON(I)/WSAX

          PPPX=PSOP(I)/WSAX

          PS3X=PSO3(I)/WSAX

          PSPX=PSSP(I)/WSAX

          PQPX=PQPS(I)/WSAX

          PYPX=PYPS(I)/WSAX	

          SMM(121,MO,ISA)=SMM(121,MO,ISA)+PSYX

          SMM(137,MO,ISA)=SMM(137,MO,ISA)+PS3X

          SMM(138,MO,ISA)=SMM(138,MO,ISA)+PSPX

          SMM(122,MO,ISA)=SMM(122,MO,ISA)+PQPX

          SMM(123,MO,ISA)=SMM(123,MO,ISA)+PYPX

      END IF

      PCT(1,ISA)=.01*SAN(1,ISA)

      PCT(2,ISA)=.01*SIL(1,ISA)

      PCT(3,ISA)=.01*CLA(1,ISA)

      PCT(4,ISA)=0.

      PCT(5,ISA)=0.

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,ISA)

          PCT(I,IDO)=PCT(I,ISA)

      END DO

      VAR(4,ISA)=0.

      SMM(100,MO,ISA)=SMM(100,MO,ISA)+RFV0(IRF(ISA))

      IF(NGN/=0)RFV(IRF(ISA))=RFV0(IRF(ISA))

      IF(RFV(IRF(ISA))>0.)THEN

          RF1=RFV(IRF(ISA))

          VAR(4,ISA)=RF1

          SDVR(ISA)=SDVR(ISA)+RF1*RF1

	      TSNO(ISA)=0.

          IF(RF1>RMXS(ISA))THEN

              RMXS(ISA)=RF1

              MXSR(ISA)=KDA+100*MO+10000*IY

          END IF

          RF1=RF1*WSAX1

          SRD(MO,ISA)=SRD(MO,ISA)+1.

          SMM(4,MO,ISA)=SMM(4,MO,ISA)+RF1

      END IF

      IF(PADDY_HWEIR(ISA)>0)THEN 

          PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+RFV(IRF(ISA)) !mm

          PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+10.*RFNC*RFV(IRF(ISA)) !minN kg/ha

      ELSE

          VNO3(LD1,ISA)=10.*RFNC*RFV(IRF(ISA))

          RFQN(ISA)=VNO3(LD1,ISA)*WSAX

      ENDIF

      TAGP(ISA)=MAX(.001,TAGP(ISA))

      XRFI(ISA)=MIN(RFV(IRF(ISA)),PRMT(49)*(1.-EXP(-PRMT(50)*SQRT(TAGP&

      (ISA)*SMLA(ISA)))))

      SMM(85,MO,ISA)=SMM(85,MO,ISA)+XRFI(ISA)

      RFV(IRF(ISA))=RFV(IRF(ISA))-XRFI(ISA)

      EI=0.

      AL5=.02083

      IF(RFV(IRF(ISA))>0.)THEN

	      CALL HRFEI

          UPLM=.95

          QMN=.25

          BLM=.05

          R1=ATRI(BLM,QMN,UPLM,8)

          RTP=R1*RFV(IRF(ISA))

          XK1=R1/4.605

          XK2=XK1*(1.-R1)/R1

          DURG=RFV(IRF(ISA))/(REP*(XK1+XK2))

          X1=REP*DURG

          XKP1=XK1*X1

          XKP2=XK2*X1

      END IF

      IF(ORSD(IRF(ISA))>0.)THEN

          RTO=ORSD(IRF(ISA))/RSD(LD1,ISA)

          WLS(LD1,ISA)=RTO*WLS(LD1,ISA)

          WLM(LD1,ISA)=RTO*WLM(LD1,ISA)

          RSD(LD1,ISA)=ORSD(IRF(ISA))

          WLMC(LD1,ISA)=RTO*WLMC(LD1,ISA)

          WLSC(LD1,ISA)=RTO*WLSC(LD1,ISA)

          WLMN(LD1,ISA)=RTO*WLMN(LD1,ISA)

          WLSN(LD1,ISA)=RTO*WLSN(LD1,ISA)

          FOP(LD1,ISA)=RTO*FOP(LD1,ISA)

      END IF            

      CV(ISA)=CV(ISA)+RSD(LD1,ISA)+STDO(ISA)

      CVRS(ISA)=CVRS(ISA)+RSD(LD1,ISA)+STDO(ISA)

      BCV(ISA)=1.

      RCF(ISA)=.9997*RCF(ISA)

      X1=CV(ISA)

      IF(SCLM(5)>0.)X1=MIN(X1,SCLM(5))

      IF(X1<10.)BCV(ISA)=X1/(X1+EXP(SCRP(5,1)-SCRP(5,2)*X1))

      SNOF=0.

      IF(SNO(ISA)>0.)THEN

          SNOF=SNO(ISA)/(SNO(ISA)+EXP(2.303-.2197*SNO(ISA)))

          BCV(ISA)=MAX(SNOF,BCV(ISA))

      END IF

      BCV(ISA)=MIN(BCV(ISA),.95)

      NN1=NTL(IRO(ISA),ISA)

      JT1=LT(IRO(ISA),KT(ISA),ISA)

      YW(IDO)=0.

      ERTO=1.

      ERTP=1.

	  YERO=0.

      IF(ACW>0..AND.SNO(ISA)<10..AND.LUN(ISA)/=35)THEN

          if (wnd_op==0) then

              CALL WNDIR

              CALL EWER(JRT) 

          else

              write(idate_yr,'(i4)') IYR

              !!leading 0 added by Tadesse

              if(MO <10) then

                  write(idate_mo,'(A,i1)')'0', MO

              else

                  write(idate_mo,'(i2)') MO

              end if 

              if (KDA <10) then

                  write(idate_day,'(A,i1)')'0', KDA

              else

                  write(idate_day,'(i2)') KDA

              end if

              idate_char = trim(idate_yr)//trim(idate_mo)//trim(idate_day)   

              read(unit=idate_char,fmt=*)IYMDW_date

              if (IYMDW_date >= lwe_idat) then 

                  call EWER2(JRT)  !Landscape Wind erosion, Jaehak 2020

              end if

          endif

          

          IF(JRT==0)THEN

              YW(IDO)=YW(IDO)*ACW

              SMM(36,MO,ISA)=SMM(36,MO,ISA)+YW(IDO)

              VAR(36,ISA)=YW(IDO)

	          SYW=SYW+YW(IDO)*WSA(ISA)

	          YERO=YERO+YW(IDO)

              VAR(58,ISA)=RRF

              SMM(35,MO,ISA)=SMM(35,MO,ISA)+RGRF

              VAR(35,ISA)=RGRF

          END IF

          IF(YW(IDO)>PRMT(94))SMM(145,MO,ISA)=SMM(145,MO,ISA)+1.

          IF(WB>0.)CALL EWEMHKS(JRT)

          IF(JRT==0)THEN

              YWKS=YWKS*ACW

              SMM(139,MO,ISA)=SMM(139,MO,ISA)+YWKS

          END IF

      END IF

      QN(IDO)=0.

      SMM(7,MO,ISA)=SMM(7,MO,ISA)+U10(IRF(ISA))

      VAR(7,ISA)=U10(IRF(ISA))

      SMM(8,MO,ISA)=SMM(8,MO,ISA)+RHD(IRF(ISA))

      VAR(8,ISA)=RHD(IRF(ISA))

      TX=(TMN(IRF(ISA))+TMX(IRF(ISA)))/2.

      IF(TX>0.)HSM(ISA)=HSM(ISA)+TX

      IF(NAQ>0)CALL DUSTDST

      CALL SOLT

      LD2=LID(2,ISA)

      SMM(59,MO,ISA)=SMM(59,MO,ISA)+STMP(LD2,ISA)

      VAR(59,ISA)=STMP(LD2,ISA)

      YP(IDO)=0.

      YN(IDO)=0.

      YC(IDO)=0.

      QC(IDO)=0.

      YNWN(IDO)=0.

      YPWN(IDO)=0.

      YCWN(IDO)=0.

      YCOU(IDO)=0.

      YPOU(IDO)=0.

      YNOU(IDO)=0.

      QP(IDO)=0.

	  QPU(IDO)=0.

	  PKRZ=0.

	  SMM(1,MO,ISA)=SMM(1,MO,ISA)+TMX(IRF(ISA))

      VAR(1,ISA)=TMX(IRF(ISA))

      SMM(2,MO,ISA)=SMM(2,MO,ISA)+TMN(IRF(ISA))

      VAR(2,ISA)=TMN(IRF(ISA))

      SMM(3,MO,ISA)=SMM(3,MO,ISA)+SRAD(IRF(ISA))

      VAR(3,ISA)=SRAD(IRF(ISA))

      SML=0.

	  SNMN=0.

	  DO J=1,6

          YSD(J,IDO)=0.

      END DO

      YMNU(IDO)=0.

      YMNUX=0.

      CVF(ISA)=0.

      RQRB(IDO)=0.

      QVOL(IDO)=0.

      CPVV=0.

      CPVH(IDO)=0.

      VAR(5,ISA)=0.

      TSNO(ISA)=TSNO(ISA)+1.

      YPM(IDO)=0.

      QAPY=0.

      IF(.5*(TX+STMP(LID(2,ISA),ISA))>0.)THEN

          IF(SNO(ISA)>0..AND.SRAD(IRF(ISA))>10..AND.TMX(IRF(ISA))&

          >0.)CALL HSNOM

          RFV(IRF(ISA))=RFV(IRF(ISA))+SML

          SMM(6,MO,ISA)=SMM(6,MO,ISA)+SML

          VAR(6,ISA)=SML

      ELSE

          DSNO=RFV(IRF(ISA))

          SNO(ISA)=SNO(ISA)+DSNO

          SMM(5,MO,ISA)=SMM(5,MO,ISA)+RFV(IRF(ISA))

          VAR(5,ISA)=RFV(IRF(ISA))

          RFV(IRF(ISA))=0.

      END IF

      IF(BVIR(ISA)>RFV(IRF(ISA)))THEN

          IVR=1  

          RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

	      REPI(ISA)=BVIR(ISA)/24.

	      DUR=24.

          BVIR(ISA)=0.

          REP=MAX(REP,REPI(ISA))  

      ELSE

          IVR=0

      END IF

	  CALL HVOLQ(IVR)

      QMM=QVOL(IDO)/WSAX1

      JCN(ISA)=JCN(ISA)+1

      SMM(14,MO,ISA)=SMM(14,MO,ISA)+CN

      VAR(14,ISA)=CN

      IF(QMM>1.)THEN

          NQRB(IDO)=NQRB(IDO)+1

          PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          PRSD(ISA)=PRSD(ISA)+RQRB(IDO)*RQRB(IDO)

          IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          X1=RQRB(IDO)/(QMM+1.)

          IF(X1>QRQB(ISA))QRQB(ISA)=X1

          QRBQ(ISA)=QRBQ(ISA)+X1

          TCAV(IDO)=TCAV(IDO)+TC(IDO)

          IF(TC(IDO)<TCMX(IDO))THEN

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          ELSE

              TCMX(IDO)=TC(IDO)

          END IF

      END IF

!     COMPUTE SEDIMENT YLD

      IF(PEC(ISA)>0..AND.LUN(ISA)/=35.AND.PADDY_STO(1,ISA)<1.E-10)THEN

          IF(PADDY_HWEIR(ISA)<1.E-10)CALL EYSED(JRT) !Calculate water erosion for non-paddies Jaehak 2016

          IF(JRT==0.OR.YERO>0.)THEN

              YERO=YERO+YSD(NDRV,IDO)/WSAX

              X1=.9*WT(LD1,ISA)

              IF(YERO>X1)THEN

                  RTO=X1/YERO

                  YSD(NDRV,IDO)=YSD(NDRV,IDO)*RTO

                  YW(IDO)=YW(IDO)*RTO

                  YERO=X1

              END IF

              IF(JRT==0)THEN

                  IF(BCOF(ISA)>0.)CALL EBUFSA

                  VARH(6,IDO)=YSD(NDRV,IDO)

                  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

                  VAR(28,ISA)=YSD(6,IDO)

                  SMM(28,MO,ISA)=SMM(28,MO,ISA)+YSD(6,IDO)

                  SMM(29,MO,ISA)=SMM(29,MO,ISA)+YSD(3,IDO)

                  VAR(29,ISA)=YSD(3,IDO)

                  SMM(27,MO,ISA)=SMM(27,MO,ISA)+YSD(4,IDO)

                  VAR(27,ISA)=YSD(4,IDO)

                  SMM(30,MO,ISA)=SMM(30,MO,ISA)+YSD(5,IDO)

                  VAR(30,ISA)=YSD(5,IDO)

                  ERAV(IDO)=ERAV(IDO)+ERTO

                  YMNUX=YMNU(IDO)/WSAX

                  SMM(88,MO,ISA)=SMM(88,MO,ISA)+YMNUX

                  VAR(88,ISA)=YMNUX

                  IF(PADDY_HWEIR(ISA)<1.E-10)THEN

                      CY=1.E5*YSD(NDRV,IDO)/QVOL(IDO)

                      CYAV(ISA)=CYAV(ISA)+CY

                      CYSD(ISA)=CYSD(ISA)+CY*CY

                      IF(CY>CYMX(ISA))CYMX(ISA)=CY

                  END IF    

              END IF

          END IF          

          SMM(26,MO,ISA)=SMM(26,MO,ISA)+YSD(2,IDO)

          VAR(26,ISA)=YSD(2,IDO)

          SMM(31,MO,ISA)=SMM(31,MO,ISA)+YSD(1,IDO)

          VAR(31,ISA)=YSD(1,IDO)

          VAR(25,ISA)=CVF(ISA)

      END IF          

      YEW=MIN(ERTO*YSD(NDRV,IDO)/(WSAX*WT(LD1,ISA)),.9)      

      YEWN=MIN(ERTO*YW(IDO)/WT(LD1,ISA),.9)

      CALL NYON

      SMM(37,MO,ISA)=SMM(37,MO,ISA)+YN(IDO)

      VAR(37,ISA)=YN(IDO)

      SYN(IDO)=SYN(IDO)+YN(IDO)

      VAYN(IDO)=YN(IDO)

      SMM(134,MO,ISA)=SMM(134,MO,ISA)+YNWN(IDO)

      VAR(134,ISA)=YNWN(IDO)

      XX=.0001+EXP(-.1*YW(IDO)-YSD(3,IDO)/WSAX)

      RHTT(ISA)=MAX(.001,RHTT(ISA)*XX)

      DHT(ISA)=MAX(.001,DHT(ISA)*XX)

      SMM(34,MO,ISA)=SMM(34,MO,ISA)+RRUF(ISA)

      VAR(34,ISA)=RRUF(ISA)

      IF(IHY>0)THEN

          NHY(IDO)=0

          HYDV(IDO)=0.

          IF(QMM>QTH)THEN

              IF(INFL<3)THEN

                  IF(NRF==0.AND.RFV(IRF(ISA))>0.)THEN

                      IF(IHY>4)THEN

                          CALL HRFDT

                      ELSE

                          CALL HRFDTS

                      END IF

                  END IF    

              END IF                  

              SMM(33,MO,ISA)=SMM(33,MO,ISA)+RHTT(ISA)

              VAR(33,ISA)=RHTT(ISA)

              RRUF(ISA)=MAX(.001,RRUF(ISA)*XX)

              CALL HYDUNT

	      END IF	          

      END IF	      

      AFN=MIN(BVIR(ISA)*CQNI,FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA))

      IF(AFN>0..AND.PADDY_STO(1,ISA)<1.E-10)THEN

          ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+AFN

          WNO3(LD1,ISA)=WNO3(LD1,ISA)+AFN

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),1140)ISA,&

          NBSA(ISA),IYR,MO,KDA,AFN,BVIR(ISA),XHSM(ISA)

      END IF

      RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

      BVIR(ISA)=0.

      IF(LUN(ISA)/=35)CALL HPURK

      !update paddy water storage Jaehak 2016 

      IF(PADDY_HWEIR(ISA)>0)PADDY_STO(1,ISA)=MAX(0.,PADDY_STO(1,ISA)-PKRZ(LD1))

      SMM(97,MO,ISA)=SMM(97,MO,ISA)+CPVV

      SMM(87,MO,ISA)=SMM(87,MO,ISA)+CPVH(IDO)

      X3=PKRZ(LNS)*WSAX1

      SMM(16,MO,ISA)=SMM(16,MO,ISA)+X3

      VAR(16,ISA)=X3

      SMM(83,MO,ISA)=SMM(83,MO,ISA)+QRF(IDO)

      VAR(83,ISA)=QRF(IDO)

      GWST(ISA)=GWST(ISA)+X3

      X1=RFTT(ISA)*GWST(ISA)

      IF(X1>1e-5)THEN

          X2=X1*RFPK(ISA)

          VAR(71,ISA)=X1-X2

          CONC=GWSN(ISA)/(GWST(ISA)+1.E-10)

          IF(GWST(ISA)/GWMX(ISA)<PRMT(40))X2=0.

	      TNL=CONC*X1

	      CNV=TNL/(X2*PRMT(74)+VAR(71,ISA))

	      CNH=CNV*PRMT(74)

          RSFN(IDO)=CNH*X2

          DPKN=CNV*VAR(71,ISA)

          X4=RSFN(IDO)+DPKN

          IF(GWSN(ISA)<X4)THEN

              RTO=GWSN(ISA)/X4

              DPKN=RTO*DPKN

              RSFN(IDO)=RTO*RSFN(IDO)

          END IF    

          GWSN(ISA)=GWSN(ISA)-RSFN(IDO)-DPKN

          SMM(96,MO,ISA)=SMM(96,MO,ISA)+DPKN

          VAR(96,ISA)=DPKN

          DO K=1,NDP

              X3=GWPS(K,ISA)/GWST(ISA)

              RSPS(K,IDO)=MIN(GWPS(K,ISA),X2*X3)

              GWPS(K,ISA)=GWPS(K,ISA)-RSPS(K,IDO)

              VARP(12,K,IDO)=MIN(GWPS(K,ISA),VAR(71,ISA)*X3)

              GWPS(K,ISA)=GWPS(K,ISA)-VARP(12,K,IDO)

              SMMP(11,K,MO,IDOA(ISA))=SMMP(11,K,MO,IDOA(ISA))+RSPS(K,IDO)

              SMMP(12,K,MO,IDOA(ISA))=SMMP(12,K,MO,IDOA(ISA))+VARP(12,K,IDO)

          END DO

          X3=VAR(71,ISA)+X2

          IF(GWST(ISA)<X3)THEN

              RTO=GWST(ISA)/X3

              VAR(71,ISA)=RTO*VAR(71,ISA)

              X2=RTO*X2

          END IF    

          GWST(ISA)=GWST(ISA)-VAR(71,ISA)-X2

          RSSF(IDO)=X2

          SMM(71,MO,ISA)=SMM(71,MO,ISA)+VAR(71,ISA)

          SMM(72,MO,ISA)=SMM(72,MO,ISA)+RSSF(IDO)

          VAR(72,ISA)=RSSF(IDO)

      END IF    

      SMM(15,MO,ISA)=SMM(15,MO,ISA)+SST(IDO)

      VAR(15,ISA)=SST(IDO)

      VARH(15,IDO)=SST(IDO)

      CALL NCQYL

      X1=RSSF(IDO)+SST(IDO)+QRF(IDO)

      XX=(QVOL(IDO)+X1)/WSAX1

      X1=MAX(RQRB(IDO),X1/(24.*WSAX1))

      SSMM=SST(IDO)/WSAX1

      QRMM=QRF(IDO)/WSAX1

      RFMM=RSSF(IDO)/WSAX1

      GWMM=GWST(ISA)/WSAX1

      IF(KFL(9)>0)THEN

          WRITE(KW(9),1202)ISA,NBSA(ISA),IYR,MO,KDA,CN,SCI(ISA),&

          VAR(4,ISA),STMP(LD2,ISA),SML,QMM,SSMM,QRMM,RFMM,&

          XX,X1,TC(IDO),DUR,ALTC,AL5,REP,RZSW(ISA),GWMM

      END IF    

 	  REP=0.

	  REPI(ISA)=0. 

      CALL HEVP

      !Update paddy storage jaehak jeong 

      IF(PADDY_HWEIR(ISA)>0.)PADDY_STO(1,ISA)=MAX(0.,PADDY_STO(1,ISA)-VAR(63,ISA)-ES)

      X10=EO*WSAX1

      SMM(10,MO,ISA)=SMM(10,MO,ISA)+X10

      VAR(10,ISA)=X10

      ADEO=(XDA*SMM(10,MO,ISA)+XDA1*PMOEO)*.0226

      ADRF=(XDA*(SMM(4,MO,ISA)-SMM(13,MO,ISA)-SMM(17,MO,ISA))+XDA1*PMORF&

      )/31.

      SMRF(ISA)=SMRF(ISA)-RF5(IWTB,ISA)+RFV(IRF(ISA))

      DO I=IWTB,2,-1

          RF5(I,ISA)=RF5(I-1,ISA)

      END DO

      RF5(1,ISA)=RFV(IRF(ISA))

      X1=STMP(LD2,ISA)*CLF

      SMEO(ISA)=SMEO(ISA)-EO5(IWTB,ISA)+X1

      DO I=IWTB,2,-1

          EO5(I,ISA)=EO5(I-1,ISA)

      END DO

      EO5(1,ISA)=X1

      IF(WTMN(ISA)<Z(LNS,ISA))CALL HWTBL

      VAP(ISA)=0.

      VPU(ISA)=0.

      QSFP=0.

	  IF(LUN(ISA)/=35.AND.RFV(IRF(ISA))>0.)CALL NYPA

      !Paddy field water balance, sediment, and nutrient load Jaehak Jeong 2016

      IF(PADDY_STO(1,ISA)>.1)THEN

          IF(PADDY_HWEIR(ISA)>0.)THEN

              CALL PADDY_WQ 

          ELSE

             YSD(NDRV,IDO)=YSD(NDRV,IDO)+PADDY_STO(2,ISA)*WSAX

             QN(IDO)=QN(IDO)+PADDY_STO(3,ISA)*WSAX

             QP(IDO)=QP(IDO)+PADDY_STO(4,ISA)*WSAX

             YN(IDO)=YN(IDO)+PADDY_STO(5,ISA)*WSAX

             YP(IDO)=YP(IDO)+PADDY_STO(6,ISA)*WSAX

             PADDY_STO(2,ISA)=0.  !Update sediment balance

             PADDY_STO(3,ISA)=0.

             PADDY_STO(4,ISA)=0.

             PADDY_STO(5,ISA)=0.

             PADDY_STO(6,ISA)=0.

          END IF    

      ELSE

          PADDY_STO(2,ISA)=0.  !Update sediment balance

          PADDY_STO(3,ISA)=0.

          PADDY_STO(4,ISA)=0.

          PADDY_STO(5,ISA)=0.

          PADDY_STO(6,ISA)=0.

      END IF          

      SMM(48,MO,ISA)=SMM(48,MO,ISA)+YP(IDO)

      VAR(48,ISA)=YP(IDO)

      SYP(IDO)=SYP(IDO)+YP(IDO)

      VAYP(IDO)=YP(IDO)

      VARH(2,IDO)=QVOL(IDO)/86400.

	  SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

      VARH(9,IDO)=YN(IDO)

      SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+VARH(9,IDO)

      VARH(11,IDO)=YP(IDO)+YPOU(IDO)

      SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

      YPM(IDO)=YPM(IDO)+QAPY

      VAR(118,ISA)=YPM(IDO)

      SMM(118,MO,ISA)=SMM(118,MO,ISA)+VAR(118,ISA)

      VAR(119,ISA)=VAR(48,ISA)-VAR(118,ISA)

      SMM(119,MO,ISA)=SMM(119,MO,ISA)+VAR(119,ISA)

      SMM(135,MO,ISA)=SMM(135,MO,ISA)+YPWN(IDO)

      VAR(135,ISA)=YPWN(IDO)

      RSDM(LD1,ISA)=RSDM(LD1,ISA)-YMNUX

      ZZ=WLM(LD1,ISA)+WLS(LD1,ISA)

      RTO=MIN(1.,WLM(LD1,ISA)/ZZ)

      WLM(LD1,ISA)=WLM(LD1,ISA)-RTO*YMNUX

      IF(WLS(LD1,ISA)>1.e-3)THEN

         X1=WLSL(LD1,ISA)/WLS(LD1,ISA)

      ELSE

         X1=0.

      ENDIF

      WLS(LD1,ISA)=MAX(1.E-10,WLS(LD1,ISA)-YMNUX*(1.-RTO))

      WLSL(LD1,ISA)=MAX(1.E-10,WLS(LD1,ISA)*X1)

      UNM=0.

      UPM=0.

      UKM=0.

      NDFA(ISA)=NDFA(ISA)+1

      NII(ISA)=NII(ISA)+1

      XHSM(ISA)=HSM(ISA)/AHSM

      IRGX=0

      IF(NYD/=1.AND.IDA==60)THEN

          NT1=1

      ELSE

          N1=KT(ISA)

          LGZ=0

          DO KT2=N1,NN1

              KT(ISA)=KT2

              IF(KOMP(KT2,ISA)>0)CYCLE

              IF(KTF(ISA)==0)KTF(ISA)=KT2

              DO K=1,LC

                  IF(JH(IRO(ISA),KT2,ISA)==KDC(K))EXIT

              END DO

              IF(K>LC)K=1

              JJK=K

              IF(IHUS==0)THEN

                  IF(IDA<ITL(IRO(ISA),KT2,ISA)+NT1)EXIT

              END IF

              IF(KGO(JJK,ISA)>0.OR.JPL(JJK,ISA)>0)XHSM(ISA)=HU(JJK,ISA)/&

              PHU(JJK,IHU(JJK,ISA),ISA)

              IF(XHSM(ISA)<HUSC(IRO(ISA),KT2,ISA))THEN

                  IF(MO<12.OR.IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)&

                  ==NDC(10))EXIT

              ELSE

	              IF(PDSW(ISA)/PDAW(ISA)>PRMT(78).AND.RSAE(ISA)<1.E-5.AND.MO<&

                  12)THEN

	                  IF(KFL(1)>0)WRITE(KW(1),589)ISA,NBSA(ISA),IY,MO,KDA,PDSW(ISA),&

                      PDAW(ISA)

                      EXIT

                  END IF    

              END IF    

              JT1=LT(IRO(ISA),KT2,ISA)

              KOMP(KT2,ISA)=1

              IF(KT2>KTMX(ISA))KTMX(ISA)=KT(ISA)

              CSTX=COTL(JT1)

              COX=COOP(JT1)

              II=0

              SELECT CASE(IHC(JT1))

                  CASE(7)

                      IF(RFV(IRF(ISA))>PRMT(77))THEN

                          KOMP(KT2,ISA)=0

                          CYCLE

                      END IF

                      CALL PSTAPP

	                  IF(IDA==JD0.AND.NBT(JT1)==0.AND.NBE(JT1)==JDE)THEN

                          CSTX=0.

                          COX=0.

                      END IF

                      II=1

                  CASE(8)

                      IF(IRGX>0)THEN

                          KOMP(KT2,ISA)=0

                          CYCLE

                      END IF

                      BVIR(ISA)=VIRR(IRO(ISA),KT2,ISA)

                      IF(PADDY_HWEIR(ISA)>1.)THEN

                          BIR(ISA)=TIR(IRO(ISA),KTMX(ISA),ISA)

                          !Assign the water ponding depth in paddy that triggers irrigation

                          PADDY_HMIN(ISA)=HMIN_IRR(IRO(ISA),KT2,ISA) !minimum ponding depth, mm

                          PADDY_IRRMM=BVIR(ISA)

                          BVIR(ISA)=MAX(0.,PADDY_IRRMM-PADDY_STO(1,ISA))

                          IF(PADDY_HWEIR(ISA)>0) PADDY_STO(1,ISA) = MAX(0.,PADDY_STO(1,ISA)+BVIR(ISA))

                      END IF

                      IF(BVIR(ISA)<1.E-10)IAUI(ISA)=JT1

                      CALL HIRG(BVIR(ISA),EFM(JT1),TLD(JT1),JRT,JT1,1)

                      IRGX=1

                  CASE(9)    

                      IHD=0

                      IF(PADDY_STO(1,ISA)>=1.)THEN

                          CALL NFERT_PADDY(APMU,JT1,KT2,JRT) !Fertilizer paddy field Jaehak 2016

                      ELSE

                          CALL NFERT(APMU,6,JT1,KT2,JRT)

                      END IF

	                  IF(IDA==JD0.AND.NBT(JT1)==0.AND.NBE(JT1)==JDE)THEN

                          CSTX=0.

                          COX=0.

                      END IF

                      II=1

                  CASE(15,16) !!Puddling/set up discharge weir control  Jaehak 2016 paddy

                      PADDY_HWEIR(ISA)=HWEIR(IRO(ISA),KT2,ISA) !weir height, mm

                      PADDY_LWEIR(ISA)=LWEIR(IRO(ISA),KT2,ISA) !weir WIDTH, m

                      II=1

                  CASE(20)

                      KOMP(N1,ISA)=1 

                      RST0(ISA)=0.         

                      IGZ(ISA)=0

                      DO IHD=1,NHRD(IOW)

                          NGZ(IHD,ISA)=0

                          GCOW(IHD,ISA)=0.

                      END DO

                      KTF(ISA)=KTF(ISA)+1

                  CASE DEFAULT

                      II=1    

              END SELECT

              IF(II==1)THEN

                  JD0=IDA

                  JDE=NBE(JT1)

                  CALL TLOP(CSTX,COX,JRT)

                  IF(JRT>0)EXIT

              END IF    

              IF(IFD(ISA)>0.AND.DKHL(ISA)>.001)THEN

                  DHT(ISA)=DKHL(ISA)

                  IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),970)ISA,&

                  NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

              END IF    

              COST(ISA)=COST(ISA)+CSTX

              CSFX=CSFX+COX

              JT2=JT1

          END DO

          IF(KT2>NN1)KTF(ISA)=N1

          KT(ISA)=KTF(ISA)

          DO IHD=1,NHRD(IOW)

              IZ=IFED(IHD,IOW)

	          IF(IZ==ISA)THEN

                  IF(NCOW(IHD,IOW)>0)GCOW(IHD,ISA)=NCOW(IHD,IOW)*FFED(IHD,IOW)

	          ELSE

                  IF(RST0(ISA)<1.E-5)THEN

                      IF(IGZX(IHD,IOW)/=ISA)CYCLE

                      GCOW(IHD,ISA)=NCOW(IHD,IOW)*(1.-FFED(IHD,IOW))

	              END IF	              

	              IF(NGZ(IHD,ISA)==0.OR.IGZ(ISA)==0)CYCLE

	          END IF

              STKR(ISA)=STKR(ISA)+GCOW(IHD,ISA)

              DDMP=DUMP(IHD,IOW)*GCOW(IHD,ISA)

              TMPD=TMPD+DDMP

              X1=DDMP*SOLQ(ISA)

              WTMU(ISA)=WTMU(ISA)+X1

              AFLG(ISA)=AFLG(ISA)+X1

              SMM(61,MO,ISA)=SMM(61,MO,ISA)+X1

              VAR(61,ISA)=X1

              X5=.0001*VURN(IHD,IOW)*GCOW(IHD,ISA)/WSAX

              RFV(IRF(ISA))=RFV(IRF(ISA))+X5

              X2=DDMP-X1

              APMU=X2/WSA(ISA)

              CALL NFERT(APMU,3,IAMF(ISA),KT2,JRT)

          END DO

          IHD=NHRD(IOW)

          IF(IAPL(ISA)>0)THEN

              IF(ISAS(IOW)==ISA)THEN

                  APMU=FNP(2,ISA)

                  IF(SMNU(IOW)>.001*APMU*WSA(ISA))THEN

	                  CALL NFERT(APMU,2,ISPF(ISA),KT2,JRT)

                      IF(JRT==0)THEN

                          X4=.001*APMU

                          SMNU(IOW)=SMNU(IOW)-X4

                      END IF    

                  END IF

              END IF    

          ELSE

              IF(DALG(ISA)>0.)THEN

                  ALQ(ISA)=0.

                  CALL HLGOON(JRT)

                  IF(JRT==0)THEN

                      ALQ(ISA)=MIN(CFNP(ISA)*VLGI(ISA),.95*WTMU(ISA))

                      CFNP(ISA)=WTMU(ISA)/VLG(ISA)

                  END IF    

              ELSE

                  IF(ISAL(IOW)==ISA)THEN

                      IZ=-IAPL(ISA)

                      IF(ALQ(IZ)>1.E-5)THEN

                          APMU=MIN(.9*WTMU(IZ),ALQ(IZ))

                          APMU=APMU/WSA(ISA)

	                      CALL NFERT(APMU,1,ILQF(ISA),KT2,JRT)

                          IF(JRT==0)THEN

                              SMM(62,MO,IZ)=SMM(62,MO,IZ)+APMU

                              VAR(62,ISA)=APMU

                              X6=APMU

                              WTMU(IZ)=WTMU(IZ)-APMU

                              BVIR(ISA)=.1*ALGI(IOW)/WSA(ISA)

                              CALL HIRG(BVIR(ISA),1.,0.,JRT,JT1,1)

                              IF(JRT==0)TFLG(ISA)=TFLG(ISA)+APMU

                          END IF

                      END IF

                  END IF

              END IF

          END IF    

          IF(PADDY_HWEIR(ISA)<1.E-10)BIR(ISA)=TIR(IRO(ISA),KTMX(ISA),ISA)

          EFI(ISA)=QIR(IRO(ISA),KTMX(ISA),ISA)

          FIRG(ISA)=FIRX(IRO(ISA),KTMX(ISA),ISA)

          JT1=LT(IRO(ISA),KT(ISA),ISA)

          IF(NDFA(ISA)>=IFA(ISA).AND.IDFT(5,ISA)/=0)THEN

              APMU=FNP(5,ISA)

	          IF(APMU>1.E-5)CALL NFERT(APMU,5,JT1,KT2,JRT)

	      END IF

          KTF(ISA)=0

          IF(ABS(BIR(ISA))>1.E-5)THEN

              IF(BIR(ISA)<0.)THEN

                  IF(RZSW(ISA)-PAW(ISA)<BIR(ISA))CALL HIRG(BVIR(ISA),&

                  EFM(IAUI(ISA)),TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

              ELSE IF(BIR(ISA)>9990.)THEN

                  BVIR(ISA)=MAX(0.,PADDY_IRRMM-PADDY_STO(1,ISA))

                  CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),TLD(IAUI(ISA)),JRT,IAUI(ISA),0) !auto irrigation for target ponding depth paddy model jaehak jeong 2014

              ELSE

                  IF(BIR(ISA)>=1.)THEN

                      CALL SWTN

                      IF(WTN>BIR(ISA))CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),&

                      TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

                  ELSE

                      IF(WS(ISA)<BIR(ISA))CALL HIRG(BVIR(ISA),EFM(IAUI(ISA)),&

                      TLD(IAUI(ISA)),JRT,IAUI(ISA),0)

                  END IF

              END IF    

          END IF

      END IF 

      SVOL=0.

      TSFN(IDO)=0.

      TSFK(IDO)=0.

      QRFN(IDO)=0.

      SMQN(IDO)=0.

      IF(LUN(ISA)==35)THEN

          QN(IDO)=RFQN(ISA)

      ELSE

          CALL NPCY

      END IF    

      IF(LUN(ISA)/=35)CALL TMIX(XXXX,ZMIX,1,1)

      IF(PADDY_HWEIR(ISA)>0.)PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+BVIR(ISA) 

      IF(IRR(ISA)==1)RFV(IRF(ISA))=RFV(IRF(ISA))+BVIR(ISA)

      IF(IDNT>2)CALL GASDF3

      XX=0.

      RSPC=0.

      IF(LUN(ISA)/=35)THEN

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              IF(STMP(ISL,ISA)>0.)THEN

                  Z5=500.*(Z(ISL,ISA)+XX)

                  IF(ICP==0)THEN

                      CALL NCNMI_PHOENIX(Z5,CS,EAR(ISL,ISA))

                  ELSE    

                      CALL NCNMI_CENTURY(Z5,CS,EAR(ISL,ISA))

                  END IF

              END IF

              XX=Z(ISL,ISA)

          END DO

      END IF

      CV(ISA)=0.

      CVP(ISA)=0.

      AD1=0.

      CVRS(ISA)=0.

      VAC(ISA)=0.

      AEPT=0.

      XES=ES

      AGPM(ISA)=0.

      TAGP(ISA)=0.

      IF(IGO(ISA)>1)XES=ES/IGO(ISA)

      WS(ISA)=1.

      IF(IGO(ISA)>0)THEN

          JGO=0

          JBG(ISA)=JBG(ISA)+1

          IF(JBG(ISA)>IGO(ISA))JBG(ISA)=1

          I=JBG(ISA)

          DO J=1,LC

              IF(KGO(J,ISA)>0)THEN

                  JGO(I)=KGO(J,ISA)

                  I=I+1

                  IF(I>IGO(ISA))I=1

              END IF    

          END DO

          I1=0

          DO IN2=1,IGO(ISA)

              I1=I1+1

              JJK=JGO(I1)

              AEP(JJK)=0.

              IF(JPL(JJK,ISA)>0)THEN

                  HU(JJK,ISA)=HU(JJK,ISA)+MAX(0.,DST0(ISA)-TBSC(JJK))

	              IF(PDSW(ISA)/PDAW(ISA)>PRMT(11).AND.HU(JJK,ISA)>GMHU(JJK))THEN

	                  JPL(JJK,ISA)=0

                      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),950)ISA,&

                      NBSA(ISA),IYR,MO,KDA,CPNM(JJK),PDSW(ISA),HU(JJK,ISA),XHSM(ISA)

                      HU(JJK,ISA)=0.

                  ELSE

                      IF(HU(JJK,ISA)/PHU(JJK,IHU(JJK,ISA),ISA)>.3.AND.KGO(JJK,ISA)>0)THEN

                          KGO(JJK,ISA)=0

                          IGO(ISA)=IGO(ISA)-1

                          JPL(JJK,ISA)=0

                      END IF    

                      CYCLE

                  END IF

              END IF

              CV(ISA)=CV(ISA)+DM(JJK,ISA)-RW(JJK,ISA)

              AD1=AD1+PPL0(JJK,ISA)

              STLX=STL(JJK,ISA)

              VAC(ISA)=VAC(ISA)+BWN(1,JJK)*STLX

              AWC(JJK,ISA)=AWC(JJK,ISA)+RFV(IRF(ISA))-QMM

              DO L1=1,NBSL(ISA)

                  ISL=LID(L1,ISA)

                  UW(ISL)=0.

                  UK(ISL)=0.

                  UN(ISL)=0.

                  UP(ISL)=0.

              END DO

              UNM=0.

              UPM=0.

              UKM=0.

              DDM(JJK)=0.

              CALL CGROW(JRT)

              IF(JRT/=1)THEN

                  IF(JRT==0)THEN

                      VARC(14,JJK,ISA)=REG(JJK,ISA)

                      SUN=0.

                      SUP=0.

                      SUK=0.

                      CALL HUSE

                      CALL CROP

                      CALL NUP

                      CALL NPUP

                      CALL NKUP

                      CALL NUSE

                      CALL CSTRS

                      VARC(10,JJK,ISA)=WS(ISA)

                      VARC(11,JJK,ISA)=SN

                      VARC(12,JJK,ISA)=SP

                      VARC(13,JJK,ISA)=SK

                      VARC(15,JJK,ISA)=SAT            

                      VARC(17,JJK,ISA)=REG(JJK,ISA)

                      VAR(43,ISA)=WFX*WSAX

                      AEPT=AEPT+AEP(JJK)

                      IF(HUI(JJK,ISA)>PRMT(3))THEN

                          SWH(JJK,ISA)=SWH(JJK,ISA)+AEP(JJK)

                          SWP(JJK,ISA)=SWP(JJK,ISA)+EP(JJK)

                      END IF

                      VAR(12,ISA)=AEP(JJK)

                      ACET(JJK,ISA)=ACET(JJK,ISA)+AEP(JJK)+XES

                  END IF          

                  CALL CAGRO

                  STV(5,MO,ISA)=UN1(JJK,ISA)

                  VARS(5)=UN1(JJK,ISA)

                  STV(6,MO,ISA)=UP1(JJK,ISA)

                  VARS(6)=UP1(JJK,ISA)

                  STV(7,MO,ISA)=UK1(JJK,ISA)

                  VARS(7)=UK1(JJK,ISA)

              END IF          

              STLX=STL(JJK,ISA)

              IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))&

              AGPM(ISA)=AGPM(ISA)+STLX

              TAGP(ISA)=TAGP(ISA)+STLX

              VARC(1,JJK,ISA)=HUI(JJK,ISA)

              VARC(2,JJK,ISA)=SLAI(JJK,ISA)

              VARC(3,JJK,ISA)=RD(JJK,ISA)

              VARC(4,JJK,ISA)=RW(JJK,ISA)

              VARC(5,JJK,ISA)=DM(JJK,ISA)

              VARC(6,JJK,ISA)=STLX

              VARC(7,JJK,ISA)=CPHT(JJK,ISA)

              VARC(8,JJK,ISA)=STD(JJK,ISA)

              VARC(9,JJK,ISA)=STDL(JJK,ISA)

          END DO          

      END IF

      IF(SCLM(15)>0.)AD1=MIN(AD1,SCLM(15))

      CVP(ISA)=MAX(CVP(ISA),AD1/(AD1+EXP(SCRP(15,1)-SCRP(15,2)*AD1)))

      FBAR(ISA)=1.-.01*AD1

      DO K=1,LC                                          

          STDX=STD(K,ISA)

          AGPM(ISA)=AGPM(ISA)+STDX

          TAGP(ISA)=TAGP(ISA)+STDX

          CVRS(ISA)=CVRS(ISA)+STDX

          CV(ISA)=CV(ISA)+STDX

          VAC(ISA)=VAC(ISA)+BWN(2,K)*STDX

      END DO

      !IF(ISA==ISAP)CALL NCONT(ISA)

      IF(NDP>0)THEN

          CALL PSTCY(PQPX,PYPX,IXP)

          CALL PSTEV

      END IF

      PDPL(ISA)=0.

      PDSKC=0.

      SW(ISA)=SWLT(ISA)+XRFI(ISA)

      RZSW(ISA)=0.

      ZNO3(ISA)=0.

      ZNH3(ISA)=0.

      ZNMU(ISA)=0.

      ZNOU(ISA)=0.

      ZPML(ISA)=0.

      ZPO(ISA)=0.

      ZPMA(ISA)=0.

	  ZPMU(ISA)=0.

	  ZPOU(ISA)=0.

	  ZEK(ISA)=0.

	  ZFK(ISA)=0.

	  ZSK(ISA)=0.

      TRSD(ISA)=0.

      ZFOP(ISA)=0.

      ZNOS(ISA)=0.

      ZNOA(ISA)=0.

      ZPMS(ISA)=0.

      TNOR(ISA)=0.

      ZON(ISA)=0.

      ZOC(ISA)=0.

      ZLS(ISA)=0.

      ZLM(ISA)=0.

      ZLSL(ISA)=0.

      ZLSC(ISA)=0.

      ZLMC(ISA)=0.

      ZLSLC(ISA)=0.

      ZLSLNC(ISA)=0.

      ZBMC(ISA)=0.

      ZHSC(ISA)=0.

      ZHPC(ISA)=0.

      ZLSN(ISA)=0.

      ZLMN(ISA)=0.

      ZBMN(ISA)=0.

      ZHSN(ISA)=0.

      ZHPN(ISA)=0.

      ZSLT(ISA)=0.

      XX=0.

      SUM=0.

      OCPD(ISA)=0.

      PDSW(ISA)=0.

	  PDAW(ISA)=0.

      IF(BIG(ISA)>0.)CALL SAJBD

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          SMS(2,ISL,ISA)=SMS(2,ISL,ISA)+STMP(ISL,ISA)

          WOC(ISL,ISA)=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,&

          ISA)+WLSC(ISL,ISA)

          IF(Z(ISL,ISA)<=PMX(ISA))THEN

              PDSW(ISA)=PDSW(ISA)+SWST(ISL,ISA)-S15(ISL,ISA)

	            PDAW(ISA)=PDAW(ISA)+FC(ISL,ISA)-S15(ISL,ISA)

              PDPL(ISA)=PDPL(ISA)+WPML(ISL,ISA)+WPMU(ISL,ISA)

              PDSKC(ISA)=PDSKC(ISA)+SOLK(ISL,ISA)

              OCPD(ISA)=OCPD(ISA)+WOC(ISL,ISA)

              SUM=SUM+WT(ISL,ISA)

              K1=J

              K2=ISL

          END IF

          IF(Z(ISL,ISA)<=RZ(ISA))THEN

              TNOR(ISA)=TNOR(ISA)+WNO3(ISL,ISA)

              LZ=ISL

              L1=J

              RZSW(ISA)=RZSW(ISA)+SWST(ISL,ISA)-S15(ISL,ISA)

              XX=Z(ISL,ISA)

          END IF

          ZPML(ISA)=ZPML(ISA)+WPML(ISL,ISA)

          ZPMS(ISA)=ZPMS(ISA)+WPMS(ISL,ISA)

          ZPMA(ISA)=ZPMA(ISA)+WPMA(ISL,ISA)

          ZPO(ISA)=ZPO(ISA)+WPO(ISL,ISA)

	      ZPMU(ISA)=ZPMU(ISA)+WPMU(ISL,ISA)

	      ZPOU(ISA)=ZPOU(ISA)+WPOU(ISL,ISA)

	      ZEK(ISA)=ZEK(ISA)+EXCK(ISL,ISA)

	      ZSK(ISA)=ZSK(ISA)+SOLK(ISL,ISA)

	      ZFK(ISA)=ZFK(ISA)+FIXK(ISL,ISA)

          ZNO3(ISA)=ZNO3(ISA)+WNO3(ISL,ISA)

          ZNH3(ISA)=ZNH3(ISA)+WNH3(ISL,ISA)

          ZNMU(ISA)=ZNMU(ISA)+WNMU(ISL,ISA)

          ZNOU(ISA)=ZNOU(ISA)+WNOU(ISL,ISA)

          TRSD(ISA)=TRSD(ISA)+RSD(ISL,ISA)

          SW(ISA)=SW(ISA)+SWST(ISL,ISA)

          ZFOP(ISA)=ZFOP(ISA)+FOP(ISL,ISA)

          ZSLT(ISA)=ZSLT(ISA)+WSLT(ISL,ISA)

          ZLS(ISA)=ZLS(ISA)+WLS(ISL,ISA)

          ZLM(ISA)=ZLM(ISA)+WLM(ISL,ISA)

          ZLSL(ISA)=ZLSL(ISA)+WLSL(ISL,ISA)

          ZLSC(ISA)=ZLSC(ISA)+WLSC(ISL,ISA)

          ZLMC(ISA)=ZLMC(ISA)+WLMC(ISL,ISA)

          ZLSLC(ISA)=ZLSLC(ISA)+WLSLC(ISL,ISA)

          ZLSLNC(ISA)=ZLSLNC(ISA)+WLSLNC(ISL,ISA)

          ZBMC(ISA)=ZBMC(ISA)+WBMC(ISL,ISA)

          ZHSC(ISA)=ZHSC(ISA)+WHSC(ISL,ISA)

          ZHPC(ISA)=ZHPC(ISA)+WHPC(ISL,ISA)

          ZLSN(ISA)=ZLSN(ISA)+WLSN(ISL,ISA)

          ZLMN(ISA)=ZLMN(ISA)+WLMN(ISL,ISA)

          ZBMN(ISA)=ZBMN(ISA)+WBMN(ISL,ISA)

          ZHSN(ISA)=ZHSN(ISA)+WHSN(ISL,ISA)

          ZHPN(ISA)=ZHPN(ISA)+WHPN(ISL,ISA)

          WON(ISL,ISA)=WBMN(ISL,ISA)+WHPN(ISL,ISA)+WHSN(ISL,ISA)+WLMN(ISL,&

          ISA)+WLSN(ISL,ISA)

      END DO         

      ZON(ISA)=ZLSN(ISA)+ZLMN(ISA)+ZBMN(ISA)+ZHSN(ISA)+ZHPN(ISA)

      ZOC(ISA)=ZLSC(ISA)+ZLMC(ISA)+ZBMC(ISA)+ZHSC(ISA)+ZHPC(ISA)

      IF(LZ/=ISL)THEN

          ZZ=RZ(ISA)-Z(LZ,ISA)

          L1=LID(L1+1,ISA)

          RTO=ZZ/(Z(L1,ISA)-Z(LZ,ISA))

          RZSW(ISA)=RZSW(ISA)+(SWST(L1,ISA)-S15(L1,ISA))*RTO

          TNOR(ISA)=TNOR(ISA)+WNO3(L1,ISA)*RTO

      END IF

      SSW(ISA)=SSW(ISA)+RZSW(ISA)

      IF(K1/=NBSL(ISA))THEN

          KK=LID(K1+1,ISA)

          RTO=(PMX(ISA)-Z(K2,ISA))/(Z(KK,ISA)-Z(K2,ISA))

          PDSW(ISA)=PDSW(ISA)+RTO*(SWST(KK,ISA)-S15(KK,ISA))

	        PDAW(ISA)=PDAW(ISA)+RTO*(FC(KK,ISA)-S15(KK,ISA))

	        SUM=SUM+RTO*WT(KK,ISA)

          OCPD(ISA)=.1*(OCPD(ISA)+RTO*WOC(KK,ISA))/SUM

          PDPL(ISA)=PDPL(ISA)+(WPML(KK,ISA)+WPMU(KK,ISA))*RTO

          PDPLC(ISA)=1000.*PDPL(ISA)/SUM

          PDSKC(ISA)=PDSKC(ISA)+SOLK(KK,ISA)*RTO

          PDSKC(ISA)=1000.*PDSKC(ISA)/SUM

      END IF

      AET=AEPT+ES

      SMM(11,MO,ISA)=SMM(11,MO,ISA)+AET

      VAR(11,ISA)=AET

      SMM(12,MO,ISA)=SMM(12,MO,ISA)+AEPT

      VAR(155,ISA)=10.*AET*SALA(ISA)

      SMM(155,MO,ISA)=SMM(155,MO,ISA)+VAR(155,ISA)

      IF(NVCN(ISA)==4.AND.LUN(ISA)/=35)THEN

          IF(IGO(ISA)>0)THEN

              X1=MAX(AET,EO*EXP(-PRMT(42)*SCI(ISA)/SMX(ISA)))

          ELSE

              X1=AET

          END IF

          SCI(ISA)=MAX(3.,SCI(ISA)+X1-RFV(IRF(ISA))+QMM)

    !     +QRF(IDO)+SST(IDO)+QDR(IDO)+VAR(16,ISA)

          SCI(ISA)=MIN(SCI(ISA),PRMT(44)*SMX(ISA))

      END IF

	    X1=(ADRF-PRMT(9)*WSAX1)/100.

      X2=CV(ISA)-PRMT(10)

      IPST(ISA)=IPST(ISA)+1

      IF(TMN(IRF(ISA))>0.)THEN

          IF(X1>0..AND.X2>0.)PSTS(ISA)=PSTS(ISA)+(X1+1.)*TMN(IRF(ISA))

      ELSE

          PSTS(ISA)=PSTS(ISA)+TMN(IRF(ISA))

      END IF

      SSFN=0.

      SSFK=0.

      CALL NEVN

      CALL NEVP

      !Compute upward movement of N/P with soil evaporation if the field is not flooded Jaehak 2016

      IF(PADDY_STO(1,ISA)<1.E-10)THEN

          CALL NEVN

          CALL NEVP

      ENDIF

      VAR(41,ISA)=SGMN

      VAR(44,ISA)=SNMN

      X42=WSAX*SDN

      VAR(42,ISA)=X42

      VAR(128,ISA)=SN2

      VAR(154,ISA)=SN2O

      VAR(50,ISA)=SMP

      X46=SVOL*WSAX

      VAR(46,ISA)=X46

      X45=SNIT*WSAX

      VAR(45,ISA)=X45

      VAR(13,ISA)=QVOL(IDO)

      VAR(38,ISA)=QN(IDO)

      VAR(40,ISA)=VNO3(LNS,ISA)*WSAX

      VAR(49,ISA)=QP(IDO)

	  VAR(108,ISA)=QPU(IDO)

      VAR(39,ISA)=TSFN(IDO)

      VAR(131,ISA)=TSFS

      VAR(151,ISA)=TSFK(IDO)

      VAR(120,ISA)=RZSW(ISA)

      VARS(1)=ZNH3(ISA)

      VARS(2)=ZNO3(ISA)

      VARS(3)=ZPML(ISA)

      VARS(4)=ZSK(ISA)

      VARS(8)=RZSW(ISA)

      VARS(9)=WTBL(ISA)

      VARS(10)=GWST(ISA)/WSAX !units in mm, Jaehak 2020

      VARS(11)=STDO(ISA)

      VARS(12)=RSD(LD1,ISA)

      VARS(16)=SWLT(ISA)

      VARS(17)=SNO(ISA)

      VARS(18)=RSDM(LD1,ISA)

      VARS(19)=GWSN(ISA)

      VARS(20)=ZSLT(ISA)

      CALL SPRNT

      IF(KFL(22)>0)CALL SOCIOD(KDA)

!     PRINTOUT DAILY

      VAR(4,ISA)=VAR(4,ISA)*WSAX1

      IF(NBSA(ISA)==ISAP.AND.IDA==IPC.AND.KFL(1)>0)THEN

          SELECT CASE(IPD)

              CASE(6)

                  CALL APRNTD

              CASE(7)

                  WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,MO,KDA,IY

                  CALL SOLIOP

                  CALL SOLIOC

              CASE(8)

                  IF(IGO(ISA)>0)THEN

                      WRITE(KW(1),1061)ISA,NBSA(ISA),IYR,MO,KDA,IY

                      CALL SOLIOP

                      CALL SOLIOC

                  END IF    

              CASE(9)

                  IF(IGO(ISA)>0)CALL APRNTD

              CASE DEFAULT    

          END SELECT

          IF(ISA==MSA)IPC=IPC+INP

      END IF    

      SMM(41,MO,ISA)=SMM(41,MO,ISA)+SGMN

      SMM(44,MO,ISA)=SMM(44,MO,ISA)+SNMN

      SMM(42,MO,ISA)=SMM(42,MO,ISA)+X42

      SMM(128,MO,ISA)=SMM(128,MO,ISA)+SN2

      SMM(154,MO,ISA)=SMM(154,MO,ISA)+SN2O

      SMM(50,MO,ISA)=SMM(50,MO,ISA)+SMP

      SMM(46,MO,ISA)=SMM(46,MO,ISA)+X46

      SMM(45,MO,ISA)=SMM(45,MO,ISA)+X45

      WYLD(IDO)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+QDR(IDO)+CPVH(IDO)

      IF(IPTS(ISA)>0)THEN

	      I=IPSO(ISA)

	      WYLD(IDO)=WYLD(IDO)+PSOQ(I)

          QVOL(IDO)=QVOL(IDO)+PSQX

          YSD(NDRV,IDO)=YSD(NDRV,IDO)+PSOY(I)

		  QN(IDO)=QN(IDO)+PSO3(I)

		  QP(IDO)=QP(IDO)+PSSP(I)

		  YN(IDO)=YN(IDO)+PSON(I)

		  YP(IDO)=YP(IDO)+PSOP(I)

      END IF

      VARH(34,IDO)=WYLD(IDO)

      SMM(13,MO,ISA)=SMM(13,MO,ISA)+QVOL(IDO)

      SMMR(1,MO)=SMMR(1,MO)+QVOL(IDO)

      VARH(35,IDO)=WYLD(IDO)/86400.

      VAR(117,ISA)=WYLD(IDO)

      SMM(117,MO,ISA)=SMM(117,MO,ISA)+WYLD(IDO)

      SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+WYLD(IDO)

      CALL AUAC(0)

      IF(KFL(11)>0)THEN

          NN=NCP(IRO(ISA),ISA)

          DO J=1,NN 

              I2=LY(IRO(ISA),J,ISA)

              WRITE(KW(11),154)ISA,NBSA(ISA),IYR,MO,KDA,CPNM(I2),(VARC(K,I2,ISA),K=1,17),&

                  (VARUA(KD(K),ISA),K=1,NKD),(VARS(KS(K)),K=1,NKS)

          END DO

      END IF    

      !PRINT PADDY DAILY OUTPUT Jaehak 2016

      IF(KFL(45)>0)WRITE(KW(45),'(3I6,30E10.3)')IY,IDA,ISA,VARUA(4,ISA),&

      VARUA(18,ISA),PKRZ(LD1),VARUA(63,ISA)+ES,QMM,SLAI(1,1),&

      YSD(NDRV,IDO),QN(IDO),QP(IDO),(PADDY_STO(I,ISA), I=1,4)





      !PRINT DAILY PEST OUTUPT Jaehak 2023

      IF(NDP>0)THEN                                                                  

	      X1=(SST(IDO)+QRF(IDO)+CPVH(IDO)+QDR(IDO))/WSAX1 !mm Jaehak 2022

          X2=QVOL(IDO)/WSAX1 !mm

          X3=YSD(NDRV,IDO)/WSAX

	      IF(KFL(6)>0)THEN

	          DO KK=1,NDP

	              IF(KK==1)THEN

	                  WRITE(KW(6),903)ISA,NBSA(ISA),IYR,MO,KDA,RFV(IRF(1)),&

	                  X2,X1,X3,PSTN(KK),(VARP(J,KK,IDO),J=1,12)             

                ELSE

                    WRITE(KW(6),904)ISA,NBSA(ISA),IYR,MO,KDA,PSTN(KK),&

                    (VARP(J,KK,IDO),J=1,12)        

                  END IF

              END DO

          END IF

          IF(KFL(29)>0)WRITE(KW(29),909)MSA,NBSA(MSA),IYR,MO,KDA,&

          RFV(IRF(1)),X2,X1,X3,(PSTN(KK),QPST(KK,IDO),TSPS(KK,IDO),&

          YPST(KK,IDO),K=1,NDP)

      END IF                                                                         

      

      SMMR(2,MO)=SMMR(2,MO)+WYLD(IDO)

      SMMR(3,MO)=SMMR(3,MO)+YSD(NDRV,IDO)

      SMMR(4,MO)=SMMR(4,MO)+YN(IDO)

      SMMR(5,MO)=SMMR(5,MO)+YP(IDO)

      SMQN(IDO)=SMQN(IDO)+QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      SMM(158,MO,ISA)=SMM(158,MO,ISA)+SMQN(IDO)

      SQN(IDO)=SQN(IDO)+SMQN(IDO)

      VAQN(IDO)=SMQN(IDO)

      VAQP(IDO)=QP(IDO)

      SQP(IDO)=SQP(IDO)+QP(IDO)

      VSSN(IDO)=TSFN(IDO)

      SMMR(6,MO)=SMMR(6,MO)+QN(IDO)

      SMMR(7,MO)=SMMR(7,MO)+QP(IDO)

      SMMR(8,MO)=SMMR(8,MO)+YMNU(IDO)

	  SMMR(9,MO)=SMMR(9,MO)+QPU(IDO)

	  SMMR(10,MO)=SMMR(10,MO)+YC(IDO)

      SYC(IDO)=SYC(IDO)+YC(IDO)

      VYC(IDO)=YC(IDO)

      DO K=1,NDP

          SMMRP(1,K,MO)=SMMRP(1,K,MO)+WSAX*(QPST(K,IDO)+TSPS(K,IDO)&

          +RSPS(K,IDO))

          SMMRP(2,K,MO)=SMMRP(2,K,MO)+WSAX*YPST(K,IDO)

      END DO

      SMM(38,MO,ISA)=SMM(38,MO,ISA)+QN(IDO)

      SMM(40,MO,ISA)=SMM(40,MO,ISA)+VNO3(LNS,ISA)*WSAX

      SMM(49,MO,ISA)=SMM(49,MO,ISA)+QP(IDO)

      SMM(39,MO,ISA)=SMM(39,MO,ISA)+TSFN(IDO)

	  SMM(108,MO,ISA)=SMM(108,MO,ISA)+QPU(IDO)

	  SMM(131,MO,ISA)=SMM(131,MO,ISA)+TSFS 

	  SMM(151,MO,ISA)=SMM(151,MO,ISA)+TSFK(IDO)

      !CALL NCONT

      IF(IDA==IGSD+NT1)THEN

          IGN=IGN+100

          DO KK=1,IGN

              DO J=1,NRN0

                  XX=AUNIF(NRNG)

                  IX(J)=IX(NRNG)

              END DO

          END DO

      END IF

      IF(YERO>.001.AND.ISTA==0.AND.Z(LID(NBSL(ISA),ISA),ISA)>ZF.AND.&

      NBSL(ISA)>=3)CALL ESLOS(JRT)

      JDA=IDA+1

      RETURN

  !154 FORMAT(1X,2I8,1X,3I4,6X,100E13.6)

  154 FORMAT(1X,2I8,1X,3I4,6X,A4,100F10.4)      

  589 FORMAT(5X,'^^^^^',2I8,3I4,' PDSW = ',E13.5,1X,'PDAW = ',E13.5)

  903 FORMAT(1X,2I8,I5,2I3,1X,4F10.2,12(1X,A16,12F10.4))

  904 FORMAT(1X,2I8,I5,2I3,41X,1X,A16,12F10.4)                                       

  909 FORMAT(1X,2I8,1X,I4,2I2,1X,4F8.2,15(3X,A16,3E12.5))                            

  950 FORMAT(1X,2I8,1X,3I4,1X,A4,2X,'GERMINATION--0.2 M SW = ',F7.0,' mm',&

      2X,'HU = ',F6.0,'c',2X,'HUSC = ',F5.2)

  970 FORMAT(1X,2I8,1X,I4,2I2,2X,'RB FR DK',20X,'DKH = ',F6.0,' mm',2X,&

      'DKI = ',F7.2,'m',2X,'HUSC = ',F5.2)

 1061 FORMAT(35X,'SUBAREA NO=',I8,' ID=',I8,' DATE=',I4,2I2,' YR#=',I4)

 1090 FORMAT(/1X,2I8,1X,I4,2I2,2X,5(1X,A4,F8.2)/(19X,5(1X,A4,F8.2)))

 1140 FORMAT(1X,2I8,1X,I4,2I2,2X,'SOL N FERT = ',F5.0,'kg/ha',2X,'IRR&

       VOL',' = ',F5.0,' mm',2X,'HUSC = ',F5.2)

 1201 FORMAT((19X,5(1X,A4,F8.2)))

 1202 FORMAT(2I8,1X,3I4,25F10.2)

      END






src/CAGRO.f90

      SUBROUTINE CAGRO

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY INCREASE IN PLANT BIOMASS,

!     ROOT WEIGHT, AND YIELD BY ADJUSTING THE POTENTIAL VALUES WITH THE

!     ACTIVE STRESS CONSTRAINT.

      USE PARM

      !AD1=0.

      !DO K=1,NBSL(ISA)

          !ISL=LID(K,ISA)

          !AD1=AD1+ST(ISL,ISA)

      !END DO

      LD1=LID(1,ISA)

      X1=REG(JJK,ISA)*AJWA*SHRL

      RWL=RW(JJK,ISA)

      RGD=DDM(JJK)*X1

      X2=100.*HUI(JJK,ISA)

      AJH0=AJH1(JJK,ISA)

      IF(SCLM(3)>0.)X2=MIN(X2,SCLM(3))

      AJH1(JJK,ISA)=HI(JJK)*X2/(X2+EXP(SCRP(3,1)-SCRP(3,2)*X2))

      DHI=AJH1(JJK,ISA)-AJH0

      X3=TOPC(JJK)-TX

      IF(X3<0..AND.HUI(JJK,ISA)>.7)THEN

          XX=EXP(PRMT(30)*X3/TOPC(JJK))

          DHI=DHI*XX

      END IF    

      AJHI(JJK,ISA)=AJHI(JJK,ISA)+DHI

      X3=DM(JJK,ISA)-DDM(JJK)

      X4=MAX(1.E-5,X3+RGD)

      DM(JJK,ISA)=X4

      DM1(JJK,ISA)=DM1(JJK,ISA)+RGD

      X1=HUI(JJK,ISA)

      RF=MIN(.99,MAX(.2,RWPC(1,JJK)*(1.-X1)+RWPC(2,JJK)*X1))

      RW(JJK,ISA)=PRMT(97)*RW(JJK,ISA)+(1.-PRMT(97))*RF*DM(JJK,ISA)

	  DRW=RW(JJK,ISA)-RWL

      STL(JJK,ISA)=DM(JJK,ISA)-RW(JJK,ISA)

      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          X1=MO*MO

	      FALF=STL(JJK,ISA)*X1*XMTU(JJK)

          SMM(109,MO,ISA)=SMM(109,MO,ISA)+FALF

!         SLAI(JJK,ISA)=MAX(.05,SLAI(JJK,ISA)-FALF)

          DM(JJK,ISA)=DM(JJK,ISA)-FALF

          STL(JJK,ISA)=STL(JJK,ISA)-FALF

          X11=FALF*1000.

          X5=CNY(JJK)*X11

          X6=CPY(JJK)*X11

          X10=CKY(JJK)*X11

          IF(FALF>1.E-5)CALL NCNSTD(FALF,X5,LD1)

          FOP(LD1,ISA)=FOP(LD1,ISA)+X6

          UN1(JJK,ISA)=UN1(JJK,ISA)-X5

          UP1(JJK,ISA)=UP1(JJK,ISA)-X6

          UK1(JJK,ISA)=UK1(JJK,ISA)-X10

          SOLK(LD1,ISA)=SOLK(LD1,ISA)+X10

      END IF

      IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))THEN

          X7=.01*(HUI(JJK,ISA)+.01)**10*STL(JJK,ISA)

          STL(JJK,ISA)=STL(JJK,ISA)-X7

          DM(JJK,ISA)=DM(JJK,ISA)-X7

          STD(JJK,ISA)=STD(JJK,ISA)+X7

          STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*X7

          X8=X7*BN(3,JJK)

          XUN=UN1(JJK,ISA)

          IF(XUN-X8<.01)X8=XUN-.01

          X9=X7*BP(3,JJK)

          XUP=UP1(JJK,ISA)

          IF(XUP-X9<.01)X9=XUP-.01

          STDN(JJK,ISA)=STDN(JJK,ISA)+X8

          STDP(JJK,ISA)=STDP(JJK,ISA)+X9

          UN1(JJK,ISA)=XUN-X8

          UP1(JJK,ISA)=XUP-X9

          IF(HUI(JJK,ISA)>.6.AND.STL(JJK,ISA)<.1)HU(JJK,ISA)=0.

      END IF

      SUM=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          RTO=WNMU(ISL,ISA)/(WNMU(ISL,ISA)+WNO3(ISL,ISA)+1.E-5)

          UU=UN(ISL)*RTO

          UN(ISL)=UN(ISL)-UU

          IF(WNO3(ISL,ISA)<UN(ISL))UN(ISL)=WNO3(ISL,ISA)

          IF(WNMU(ISL,ISA)<UU)UU=WNMU(ISL,ISA)

          WNO3(ISL,ISA)=WNO3(ISL,ISA)-UN(ISL)

          WNMU(ISL,ISA)=WNMU(ISL,ISA)-UU

          IF(DRW<0.)THEN      

              UTO=RWT(ISL,JJK,ISA)/RWL

              X1=-DRW*UTO

              X2=MIN(UN1(JJK,ISA),1000.*BN(3,JJK)*X1)

              CALL NCNSTD(X1,X2,ISL)

              UN1(JJK,ISA)=UN1(JJK,ISA)-X2

          ELSE

              UTO=UW(ISL)/(AEP(JJK)+1.E-20)

          END IF

          SWST(ISL,ISA)=MAX(1.E-10,SWST(ISL,ISA)-UW(ISL))

          X1=WPML(ISL,ISA)+WPMU(ISL,ISA)

          IF(X1>UP(ISL))THEN

              X2=WPML(ISL,ISA)/X1

              WPML(ISL,ISA)=WPML(ISL,ISA)-UP(ISL)*X2

              WPMU(ISL,ISA)=WPMU(ISL,ISA)-UP(ISL)*(1.-X2)

          ELSE

              UP(ISL)=X1

              WPML(ISL,ISA)=0.

              WPMU(ISL,ISA)=0.

          END IF

          X1=SOLK(ISL,ISA)+WKMU(ISL,ISA)

          IF(X1>UP(ISL))THEN

              X2=SOLK(ISL,ISA)/X1

              SOLK(ISL,ISA)=SOLK(ISL,ISA)-UK(ISL)*X2

              WKMU(ISL,ISA)=WKMU(ISL,ISA)-UK(ISL)*(1.-X2)

          ELSE

              UP(ISL)=X1

              SOLK(ISL,ISA)=0.

              WKMU(ISL,ISA)=0.

          END IF

          RWT(ISL,JJK,ISA)=RWT(ISL,JJK,ISA)+DRW*UTO

          SUM=SUM+RWT(ISL,JJK,ISA)

      END DO

      RW(JJK,ISA)=SUM

      !AD2=0.

      !AD3=0.

      !DO K=1,NBSL(ISA)

          !ISL=LID(K,ISA)

          !AD2=AD2+ST(ISL,ISA)

          !AD3=AD3+UW(ISL)

      !END DO

      !DF=AD1-AD2-AD3

      !IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,AD3,DF

    !1 FORMAT(5X,'CAGRO',3I4,10E13.5)  

      RETURN

      END






src/CAHU.f90

      FUNCTION CAHU(J,K,BASE,NHS)

!     APEX1501

!     THIS SUBPROGRAM ACCUMULATES HEAT UNITS FOR USE IN CPTHU.

      USE PARM

      CAHU=0.

      MO=1

      DO JDA=J,K

          CALL AXMON

          IF(JDHU<=366)THEN

              CALL WHLRMX(JDA)

              IF(HRLT<WDRM(ISA).AND.NHS==0)CYCLE

          END IF

          TA=ARALT(TAV,XX)

          TGX=TA-BASE

          IF(TGX>0.)CAHU=CAHU+TGX

      END DO

      RETURN

      END






src/CCONI.f90

      SUBROUTINE CCONI

      ! APEX1501

      ! THIS SUBPROGRAM DOES AN INITIAL PARTITION EACH GAS CONC. IN AIR 

      ! INTO GAS CONCENTRATION IN AIR AND LIQUID PHASE AND THEN

      ! CALCULATES THE TOTAL GAS CONCENTRATION (G/M3 SOIL)

      ! IT IS AN APPROXIMATION AND SHOULD BE CALCULATED ONLY ONCE AT THE

      ! BEGINNING OF EACH SIMULATION - RCI - 7/19/09

      USE PARM                                                                       

      DO J=1,NBCL

	      CLO2(J,ISA)=CGO2(J,ISA)/HKPO(J,ISA)	

	      CLCO2(J,ISA)=CGCO2(J,ISA)/HKPC(J,ISA)

	      CLN2O(J,ISA)=CGN2O(J,ISA)/HKPN(J,ISA)	

	      AO2C(J,ISA)=CGO2(J,ISA)*AFP(J,ISA)+CLO2(J,ISA)*VWC(J,ISA)

	      ACO2C(J,ISA)=CGCO2(J,ISA)*AFP(J,ISA)+CLCO2(J,ISA)*VWC(J,ISA)

	      AN2OC(J,ISA)=CGN2O(J,ISA)*AFP(J,ISA)+CLN2O(J,ISA)*VWC(J,ISA)

	  END DO

	  RETURN

      END






src/CFRG.f90

      SUBROUTINE CFRG(I,J,F,STRX,X,JRT)

!     APEX1501

!     THIS SUBPROGRAM DETERMINES MINIMUM STRESS FACTORS FOR ROOT AND

!     TOTAL BIOMASS GROWTH.

      JRT=0

      IF(F<STRX)THEN

          STRX=MAX(0.,F)

          J=I

          IF(STRX<=X)JRT=1

      END IF

      RETURN

      END






src/CGROW.f90

      SUBROUTINE CGROW(JRT)

!     APEX1501

!     THIS SUBPROGRAM CALCUALTES LEAF AREA INDEX, HEAT UNITS, ROOT DEPTH

!     AND TEMPERATURE STRESS FOR THE CROP.

      USE PARM

!	  DIMENSION SLA0(MNC,MSA),XDLA0(MNC,MSA) 

      JRT=0

	    X1=DM(JJK,ISA)+1.E-10 

      CPR=UP1(JJK,ISA)/X1

      CNR=UN1(JJK,ISA)/X1

      AJWA=1.

      XPHU=PHU(JJK,IHU(JJK,ISA),ISA)

      TGX=MAX(0.,TX-TBSC(JJK))

      HU(JJK,ISA)=HU(JJK,ISA)+TGX

      IF(JDA==JDHU.AND.IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC&

      (JJK)/=NDC(10))HU(JJK,ISA)=XPHU*PRMT(26)

      HUI(JJK,ISA)=HU(JJK,ISA)/XPHU

      IF(HU(JJK,ISA)>XPHU)THEN

          WCYD=MAX(WCY(JJK),WCYD-EO*.002)

          IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))THEN

              HU(JJK,ISA)=0.

              JRT=2

          ELSE

              IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

                  JRT=0

                  HU(JJK,ISA)=.9*HU(JJK,ISA)

              ELSE

                  JRT=1

              END IF

          END IF

          RETURN

      END IF

      NGD(JJK,ISA)=NGD(JJK,ISA)+1

      X1=HUI(JJK,ISA)

      IF(SCLM(36)>0.)X1=MIN(HUI(JJK,ISA),SCLM(36))

      F2=X1/(X1+EXP(DLAP(1,JJK)-DLAP(2,JJK)*X1))

      IF(IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          X1=HSM(ISA)/AHSM

          IF(SCLM(36)>0.)X1=MIN(X1,SCLM(36))

          F1=X1/(X1+EXP(DLAP(1,JJK)-DLAP(2,JJK)*X1))

	      F=F1

          XLAI(JJK,ISA)=MAX(.1,DMLX(JJK)*F2)

      ELSE

          F=F2    

      END IF

      IF(IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(10))THEN

          F3=HUI(JJK,ISA)

	  ELSE

          F3=SQRT(F2+1.E-10) 

	  END IF

      FF=F-WLV(JJK,ISA)

      XX=FF*XLAI(JJK,ISA)

      X2=1.

      SLAX=0.

      X3=(SLAI(JJK,ISA)+.001)*CPHT(JJK,ISA)

      IF(IGO(ISA)==1)THEN

          SUM=X3

          TOT=STL(JJK,ISA)

          ADD=SLAI(JJK,ISA)

      ELSE

          SUM=0.

	      TOT=0.

	      ADD=0.

          DO I=1,IGO(ISA)

              K1=JE(I,ISA)

              IF(SLAI(K1,ISA)>SLAX)SLAX=SLAI(K1,ISA)

	          TOT=TOT+STL(K1,ISA)

              SUM=SUM+SLAI(K1,ISA)*CPHT(K1,ISA)

              ADD=ADD+SLAI(K1,ISA)

          END DO

          IF(SLAX>2.)X2=X3/SUM

	  END IF

      IF(XX>0.)THEN

          X1=XX*X2*(1.+HR1)**3

          IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))&

          X1=X1*SQRT(REG(JJK,ISA))*SHRL

          SLAI(JJK,ISA)=MIN(XLAI(JJK,ISA),SLAI(JJK,ISA)+X1)

      END IF

      WLV(JJK,ISA)=F

      IF(SLAI(JJK,ISA)<.05)THEN

          SLAI(JJK,ISA)=.05

      ELSE    

          !CPHT(JJK,ISA)=MAX(CPHT(JJK,ISA),HMX(JJK)*F3*REG(JJK,ISA))

          FF=MAX(0.,F3-WCHT(JJK,ISA))

          CPHT(JJK,ISA)=MIN(HMX(JJK),CPHT(JJK,ISA)+FF*HMX(JJK)*REG(JJK,ISA))

          IF(HUI(JJK,ISA)>XDLAI(JJK).AND.HRLT>HLMN(ISA).AND.XDLA0(JJK,ISA)>0.)THEN

              XX=(1.-HUI(JJK,ISA))/XDLA0(JJK,ISA)

              IF(XX>1.E-5)THEN

                  XX=LOG10(XX)

              ELSE

                  XX=-5.

              END IF 

              IF(IDC(JJK)/=NDC(7).AND.IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))THEN

                  RTO=RLAD(JJK)*XX

                  IF(RTO<-10.)RTO=-10.

                  SLAI(JJK,ISA)=MIN(SLAI(JJK,ISA),SLA0(JJK,ISA)*10.**RTO)

                  SLAI(JJK,ISA)=MAX(.05,SLAI(JJK,ISA))

              END IF 

              RTO=RBMD(JJK)*XX

              IF(RTO<-10.)RTO=-10.

              AJWA=10.**RTO  

          ELSE    

              XDLA0(JJK,ISA)=1.-XDLAI(JJK)

              SLA0(JJK,ISA)=SLAI(JJK,ISA)

          END IF

      END IF

      WCHT(JJK,ISA)=F3

      XX=MAX(CPHT(JJK,ISA),RD(JJK,ISA),2.5*RDMX(JJK)*HUI(JJK,ISA))

      RD(JJK,ISA)=MIN(RDMX(JJK),Z(LID(NBSL(ISA),ISA),ISA),XX)

      IF(SCLM(23)>0.)ADD=MIN(ADD,SCLM(23))

	  FGC(ISA)=ADD/(ADD+EXP(SCRP(23,1)-SCRP(23,2)*ADD))

      IF(SCLM(24)>0.)TOT=MIN(TOT,SCLM(24))

	  FGSL(ISA)=TOT/(TOT+EXP(SCRP(24,1)-SCRP(24,2)*TOT))

      X1=HUI(JJK,ISA)

      IF(SCLM(32)>0.)X1=MIN(X1,SCLM(32))

      CLG(ISA)=BLG(3,JJK)*X1/(X1+EXP(BLG(1,JJK)-BLG(2,JJK)*X1))

      RTO=TGX/(TOPC(JJK)-TBSC(JJK))

      IF(RTO<2..AND.TGX>0.)THEN

          !REG(JJK,ISA)=(SIN(1.5707*RTO))**PRMT(95)

          REG(JJK,ISA)=SIN(1.5707*RTO)

      ELSE

          REG(JJK,ISA)=0.

      END IF

      SHRL=1.

      FHR=0.

      ! WINTER DORMANCY & FROST

      IF(HRLT+1.E-5<WDRM(ISA))THEN

          SHRL=0.

          FHR=1.-HRLT/WDRM(ISA)

      ELSE

          SRA(JJK,ISA)=SRA(JJK,ISA)+SRAD(IRF(ISA))

      END IF

      ! NO EFFECT ON EVERGREEN TREES

      IF(IDC(JJK)/=NDC(7))THEN

          IF(TMN(IRF(ISA))<-1.)THEN

              XX=ABS(TMN(IRF(ISA)))

              IF(SCLM(37)>0.)XX=MIN(XX,SCLM(37))

              F=XX/(XX+EXP(FRST(1,JJK)-FRST(2,JJK)*XX))

              F=MAX(F,FHR)

          ELSE    

              F=FHR

          END IF   

          IF(F>0.)THEN

              ! ONLY LAI REDUCED FOR DECIDUOUS TREES

              IF(IDC(JJK)/=NDC(8).AND.IDC(JJK)/=NDC(10))THEN

                  IF(STL(JJK,ISA)>.01)THEN

                      XX=F*STL(JJK,ISA)

                      STL(JJK,ISA)=STL(JJK,ISA)-XX

                      DM(JJK,ISA)=DM(JJK,ISA)-XX

                      STD(JJK,ISA)=STD(JJK,ISA)+XX

                      STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*XX

                      XY=XX*CNR

                      XZ=XX*CPR

                      XUN=UN1(JJK,ISA)

                      IF(XUN-XY<.01)XY=XUN-.01

                      XUP=UP1(JJK,ISA)

                      IF(XUP-XZ<.01)XZ=XUP-.01

                      STDN(JJK,ISA)=STDN(JJK,ISA)+XY

                      STDP(JJK,ISA)=STDP(JJK,ISA)+XZ

                      UN1(JJK,ISA)=XUN-XY

                      UP1(JJK,ISA)=XUP-XZ

                  END IF

                  IF(F*(1.-SNOF)>.99)THEN

                      IF(IDC(JJK)/=NDC(3).AND.IDC(JJK)/=NDC(6))CALL TRDST

                  END IF

              END IF

              SLAI(JJK,ISA)=SLAI(JJK,ISA)*(1.-F)    

          END IF    

      END IF    

      IF(REG(JJK,ISA)>0.)RETURN

      SFCP(5,JJK,ISA)=SFCP(5,JJK,ISA)+1.

      SFMO(5,JJK,ISA)=SFMO(5,JJK,ISA)+1.

      SMMC(14,JJK,MO,ISA)=SMMC(14,JJK,MO,ISA)+1.

      SMMC(17,JJK,MO,ISA)=SMMC(17,JJK,MO,ISA)+1.

      VARC(17,JJK,ISA)=0.

      JRT=1

      RETURN

      END






src/CPTBL.f90

      SUBROUTINE CPTBL

!     APEX1501

!     THIS SUBPROGRAM READS CROP TABLE TO DETERMINE CROP PARAMETERS

      USE PARM

      DIMENSION YTP(57)

      YTP=0.

      L=1

      IF(LC>0)THEN

          DO L=1,LC

              IF(KDC(L)==JX(6))EXIT

          END DO

      END IF

      IF(L>LC)THEN

          LC=LC+1

          KDC1(JX(6))=LC

          KDC(LC)=JX(6)

          XMTU(LC)=JX(7)

          ! READ CROP DATA

          ! CPNM = NAMES OF CROPS IN CROP PARAMETER TABLE

          ! 1  WA   = BIOMASS/ENERGY(kg/ha/MJ)(FOR CO2 = 330 ppm)

          ! 2  HI   = HARVEST INDEX(CROP YIELD/ABOVE GROUND BIOMASS)

          ! 3  TB   = OPTIMAL TEMP FOR PLANT GROWTH(c)

          ! 4  TG   = MIN TEMP FOR PLANT GROWTH(c)

          ! 5  DMLA = MAX LEAF AREA INDEX

          ! 6  DLAI = FRACTION OF GROWING SEASON WHEN LEAF AREA STARTS DECLINING

          ! 7  DLAP(= LAI DEVELOPMENT PARMS--NUMBERS BEFORE DECIMAL = %

          ! 8   1,2)  OF GROWING SEASON .  NUMBERS AFTER DDECIMAL = FRACTION OF

          !           DMLA AT GIVEN %.

          ! 9  RLAD = LAI DECLINE RATE FACTOR.

          !10  RBMD = WA  DECLINE RATE FACTOR.

          !11  ALT  = ALUMINUM TOLERANCE INDEX(1-5)1=SENSITIVE, 5=TOLERANT

          !12  GSI  = MAX STOMATAL CONDUCTANCE(DROUGTH TOLERANT PLANTS HAVE

          !           LOW VALUES.)

          !13  CAF  = CRITICAL AERATION FACTOR(SW/POR > CAF CAUSES AIR STRESS)

          !14  SDW  = SEEDING RATE(kg/ha)

          !15  HMX  = MAX CROP HEIGHT(m)

          !16  RDMX = MAX ROOT DEPTH(m)

          !17  WAC2 = NUMBER BEFORE DECIMAL = CO2 CONC IN FUTURE ATMOSPHERE

          !           (ppm).  NUMBER AFTER DECIMAL = RESULTING WA VALUE.

          !18  CNY  = N FRACTION OF YIELD(KG/KG)

          !19  CPY  = P FRACTION OF YIELD(KG/KG)

          !20  CKY  = K FRACTION OF YIELD (KG/KG)

          !21  WSYF = LOWER LIMIT OF HARVEST INDEX

          !22  PST  = PEST(INSECTS,WEEDS,AND DISEASE)FACTOR(0-1)

          !23  CSTS = SEED COST($/KG)

          !24  PRYG = PRICE FOR SEED YIELD ($/t)

          !25  PRYF = PRICE FOR FORAGE YIELD ($/t)

          !26  WCY  = FRACTION WATER IN YIELD.

          !27-29BN   = N FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.0

          !30-32BP   = P FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.

          !33-35BK   = K FRACTION IN PLANT WHEN GROWTH IS 0.,.5,1.

          !36-38BW   = WIND EROSION FACTORS FOR STANDING LIVE, STANDING DEAD,

          !            AND FLAT RESIDUE

          !39  IDC  = CROP ID NUMBERS. USED TO PLACE CROPS IN CATEGORIES

          !           1 FOR WARM SEASON ANNUAL LEGUME

          !           2 FOR COLD SEASON ANNUAL LEGUME

          !           3 FOR PERENNIAL LEGUME

          !           4 FOR WARM SEASON ANNUAL

          !           5 FOR COLD SEASON ANNUAL

          !           6 FOR PERENNIAL

          !           7 FOR EVERGREEN TREES

          !           8 FOR DECIDUOUS TREES

          !           9 FOR COTTON

          !          10 FOR LEGUME TREES

          !40/ FRST(= FROST DAMAGE PARMS--NUMBERS BEFORE DECIMAL = TMN(DEG C1,2)

          !           NUMBERS AFTER DECIMAL = FRACTION YLD LOST WHEN GIVEN TMN

          !           IS EXPERIENCED.

          !42  WAVP = PARM RELATING VAPOR PRESSURE DEFFICIT TO WA

          !43  VPTH = THRESHOLD VPD (KPA)(F=1.

          !44  VPD2 = NUMBER BEFORE DECIMAL = VPD VALUE (KPA).  NUMBER AFTER

          !           DECIMAL = F2 < 1.

          !45  RWPC1= ROOT WEIGHT/BIOMASS PARTITIONING COEF

          !46  RWPC2= ROOT WEIGHT/BIOMASS PARTITIONING COEF

          !47  GMHU = HEAT UNITS REQUIRED FOR GERMINATION

          !48  PPLP1= PLANT POP PARM--NUMBER BEFORE DECIMAL = # PLANTS

          !           NO AFTER DEC = FRACTION OF MAX LAI

          !49  PPLP2= 2ND POINT ON PLANT POP-LAI CURVE. PPLP1<PPLP2--PLANTS/M2

          !                                             PPLP1>PPLP2--PLANTS/HA

          !50  STX1 = YLD DECREASE/SALINITY INCREASE ((t/ha)/(mmho/cm))

          !51  STX2 = SALINITY THRESHOLD (mmho/cm)

          !52  BLG1 = LIGNIN FRACTION IN PLANT AT .5 MATURITY

          !53  BLG2 = LIGNIN FRACTION IN PLANT AT MATURITY

          !54  WUB  = WATER USE CONVERSION TO BIOMASS(t/mm)

          !55  FTO  = FRACTION TURNOUT (COTTON LINT/STRIPPER YLD)

          !56  FLT  = FRACTION LINT (COTTON LINT/PICKER YLD)

          !57  EXTC = LIGHT LIGHT EXTINCTION COEFFICIENT

          READ(KR(4),'()')

          READ(KR(4),'()')

          J2=-10

          DO WHILE(J2/=JX(6))

             READ(KR(4),3420,IOSTAT=NFL)J2,CPNM(LC),(YTP(L),L=1,56)

              IF(NFL/=0)THEN

                  WRITE(*,*)'CROP NO = ',JX(6),' NOT IN CROP LIST FILE     &

                  SAID = ',NBSA(ISA)

                  STOP       

	          END IF

          END DO

          WA(LC)=YTP(1)

          WAI(LC)=WA(LC)

          HI(LC)=YTP(2)

          TOPC(LC)=YTP(3)

          TBSC(LC)=YTP(4)

          DMLA(LC)=YTP(5)

          DLAI(LC)=YTP(6)

          DLAP(1,LC)=YTP(7)

          DLAP(2,LC)=YTP(8)

          RLAD(LC)=YTP(9)

          RBMD(LC)=YTP(10)

          ALT(LC)=YTP(11)

          GSI(LC)=YTP(12)

          CAF(LC)=YTP(13)

          SDW(LC)=YTP(14)

          HMX(LC)=YTP(15)

          RDMX(LC)=YTP(16)

          WAC2(2,LC)=YTP(17)      

          CNY(LC)=YTP(18)

          CPY(LC)=YTP(19)

          CKY(LC)=YTP(20)

          WSYF(LC)=YTP(21)

          PST(LC)=YTP(22)

          CSTS(LC)=YTP(23)

          PRYG(LC)=YTP(24)

          PRYF(LC)=YTP(25)

          WCY(LC)=YTP(26)

          BN(1,LC)=YTP(27)

          CNT(LC,ISA)=YTP(27)

          BN(2,LC)=YTP(28)

          BN(3,LC)=YTP(29)

          BP(1,LC)=YTP(30)

          BP(2,LC)=YTP(31)

          BP(3,LC)=YTP(32)

          BK(1,LC)=YTP(33)

          BK(2,LC)=YTP(34)

          BK(3,LC)=YTP(35)

          BWN(1,LC)=YTP(36)

          BWN(2,LC)=YTP(37)

          BWN(3,LC)=YTP(38)

          IDC(LC)=YTP(39)

          FRST(1,LC)=YTP(40)

          FRST(2,LC)=YTP(41)

          WAVP(LC)=YTP(42)

          VPTH(LC)=YTP(43)

          VPD2(LC)=YTP(44)

          RWPC(1,LC)=YTP(45)

          RWPC(2,LC)=YTP(46)

          GMHU(LC)=YTP(47)

          PPLP(1,LC)=YTP(48)

          PPLP(2,LC)=YTP(49)

          STX(1,LC)=YTP(50)

          STX(2,LC)=YTP(51)

          BLG(1,LC)=YTP(52)

          BLG(2,LC)=YTP(53)

	      FTO(LC)=YTP(55)

	      FLT(LC)=YTP(56)

!	      IF(YTP(63)>0)EXTC(LC)=YTP(63)

          REWIND KR(4)

          X1=.6*BK(1,LC)

          IF(BK(2,LC)>X1)BK(2,LC)=X1

          X1=.8*BK(2,LC)

          IF(BK(3,LC)>X1)BK(3,LC)=X1

      END IF    

      JJK=KDC1(JX(6))

      IHU(JJK,ISA)=IHU(JJK,ISA)+1

      PHU(JJK,IHU(JJK,ISA),ISA)=OPV(1)

      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

          IF(XMTU(JJK)<1.)XMTU(JJK)=30.

          PHU(JJK,IHU(JJK,ISA),ISA)=CAHU(1,365,TBSC(JJK),0)*XMTU(JJK)

          XMTU(JJK)=(1.-EXP(-FTO(JJK)/XMTU(JJK)))/144.

      END IF

      Y1=PPLP(1,JJK)

      Y2=PPLP(2,JJK)

      IF(Y2>Y1)THEN

          X4=Y1

          X5=Y2

      ELSE

          X4=Y2

          X5=Y1

      END IF 

      X1=ASPLT(X4)

      X2=ASPLT(X5)

      CALL ASCRV(X4,X5,X1,X2,SCLM,31,KW(1))

      PPCF(1,JJK)=X4

      PPCF(2,JJK)=X5

	  IF(OPV(5)>0.)THEN

          X3=OPV(5)

      ELSE          

	      G1=X2

	      DO IT=1,10

              Z1=EXP(X4-X5*G1)

	          Z2=G1+Z1

              FU=G1/Z2-.9

	          IF(ABS(FU)<1.E-5)EXIT

	          DFDU=Z1*(1.+X5*G1)/(Z2*Z2)

		      X1=FU/DFDU

		      X2=ABS(X1)

	          X3=.1*G1

	          IF(X2>X3)X1=X3*X1/X2

		      G1=G1-X1

          END DO

	      IF(IT>10)WRITE(KW(1),5)

          X3=G1

      END IF

      IF(SCLM(31)>0.)X3=MIN(X3,SCLM(31))

      PPLA(JJK,IHU(JJK,ISA),ISA)=DMLA(JJK)*X3/(X3+EXP(X4-X5*X3))

      POP(JJK,IHU(JJK,ISA),ISA)=X3

	  PHUX(JJK)=PHU(JJK,IHU(JJK,ISA),ISA)

	  PLAX(JJK)=PPLA(JJK,IHU(JJK,ISA),ISA)

	  POPX(JJK)=X3

     

      !Calculate 95% of DMLA for wind erosion. Jaehak 2019

    if (wnd_op>0) then



      fu1=X2/(X2+EXP(X4-X5*X2))

      FU = 0.95 / (X2/(X2+EXP(X4-X5*X2)))

      IF (ABS(ABS(FU)-1.)<0.001) THEN

          PPLP_MAX(JJK)= X2

      ELSE

          

	      G1=X2

	      DO IT=1,10

              Z1=EXP(X4-X5*G1)

	          Z2=G1+Z1

              FU=G1/Z2-.95

	          IF(ABS(FU)<1.E-5)EXIT

	          DFDU=Z1*(1.+X5*G1)/(Z2*Z2)

		      X1=FU/DFDU

		      X2=ABS(X1)

	          X3=.1*G1

	          IF(X2>X3)X1=X3*X1/X2

		      G1=G1-X1

          END DO

	        IF(IT>10)  WRITE(KW(1),5)

       

          PPLP_MAX(JJK)=G1



      ENDIF

    endif



      IF(IDC(JJK)==NDC(3).OR.IDC(JJK)==NDC(6))IRP(ISA)=1

	  RETURN

    5 FORMAT(5X,'!!!!! PLANT POP DID NOT CONVERGE')

 3420 FORMAT(1X,I4,1X,A4,57F8.0)

      END






src/CRGBD.f90

      SUBROUTINE CRGBD(RGS)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES ROOT GROWTH STRESSES CAUSED BY

!     TEMPERATURE,  ALUMINUM TOXICITY, AND SOIL STRENGTH AND DETERMINES

!     THE ACTIVE CONSTRAINT ON ROOT GROWTH(THE MINIMUM STRESS FACTOR).

      USE PARM

      RGS=1.

      IF(PRMT(2)>1.99)RETURN

      II=3

      XX=2.*STMP(ISL,ISA)/(TOPC(JJK)+TBSC(JJK))

      IF(XX<1.E-10)THEN

          RGS=0.

      ELSE  

          IF(XX<1.)RGS=XX**PRMT(41)

          A0=10.+(ALT(JJK)-1.)*20.

          IF(ALS(ISL,ISA)>A0)THEN

              F=(100.-ALS(ISL,ISA))/(100.-A0)

              CALL CFRG(2,II,F,RGS,.1,JRT)

              IF(JRT==0)THEN

                  CALL SBDSC(BDP(ISL,ISA),PRMT(2),F,ISL,3)

                  XX=ROK(ISL,ISA)

                  IF(SCLM(1)>0.)XX=MIN(XX,SCLM(1))

                  F=F*(1.-XX/(XX+EXP(SCRP(1,1)-SCRP(1,2)*XX)))

                  CALL CFRG(1,II,F,RGS,.1,JRT)

              END IF

          END IF    

      END IF

      STDA(II,JJK,ISA)=STDA(II,JJK,ISA)+(1.-RGS)/NBSL(ISA)

      RETURN

      END






src/CROP.f90

      SUBROUTINE CROP

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY POTENTIAL GROWTH OF TOTAL PLANT

!     BIOMASS AND ROOTS.

      USE PARM

      IF(ROSP(ISA)>0.)THEN

          XX=.685-.209*ROSP(ISA)

      ELSE

          XX=EXTC(JJK)

      END IF

      PAR=.0005*SRAD(IRF(ISA))*(1.-EXP(-XX*SLAI(JJK,ISA)))

      X1=MAX(VPD-1.,-.5)

      XX=WA(JJK)-WAVP(JJK)*X1

      X2=MAX(1.,HRLT/12.)

      DDM(JJK)=MAX(0.,XX*PAR)*X2

      DM(JJK,ISA)=DM(JJK,ISA)+DDM(JJK)

      RETURN

      END






src/CRPIO.f90

      SUBROUTINE CRPIO

!     THIS SUBPROGRAM WRITES INPUT CROP PARAMETERS.

      USE PARM

      IF(KFL(1)>0)THEN

          CALL APAGE(0)

          WRITE(KW(1),11)

          WRITE(KW(1),1)(CPNM(I),I=1,LC)

          WRITE(KW(1),6)'WA',(WA(I),I=1,LC)

          WRITE(KW(1),7)'HI',(HI(I),I=1,LC)

          WRITE(KW(1),6)'TB',(TOPC(I),I=1,LC)

          WRITE(KW(1),6)'TG',(TBSC(I),I=1,LC)

          WRITE(KW(1),7)'DMLA',(DMLA(I),I=1,LC)

          WRITE(KW(1),7)'DLAI',(DLAI(I),I=1,LC)

          WRITE(KW(1),8)'LAP1',(DLAP(1,I),I=1,LC)

          WRITE(KW(1),8)'LAP2',(DLAP(2,I),I=1,LC)

          WRITE(KW(1),8)'PPL1',(PPLP(1,I),I=1,LC)

          WRITE(KW(1),8)'PPL2',(PPLP(2,I),I=1,LC)

          WRITE(KW(1),8)'FRS1',(FRST(1,I),I=1,LC)

          WRITE(KW(1),8)'FRS2',(FRST(2,I),I=1,LC)

          WRITE(KW(1),7)'RLAD',(RLAD(I),I=1,LC)

          WRITE(KW(1),7)'RBMD',(RBMD(I),I=1,LC)

          WRITE(KW(1),6)'ALT',(ALT(I),I=1,LC)

          WRITE(KW(1),7)'CAF',(CAF(I),I=1,LC)

          WRITE(KW(1),9)'GSI',(GSI(I),I=1,LC)

          WRITE(KW(1),7)'WAC2',(WAC2(2,I),I=1,LC)

          WRITE(KW(1),6)'WAVP',(WAVP(I),I=1,LC)

          WRITE(KW(1),6)'VPTH',(VPTH(I),I=1,LC)

          WRITE(KW(1),7)'VPD2',(VPD2(I),I=1,LC)

          WRITE(KW(1),6)'SDW',(SDW(I),I=1,LC)

          WRITE(KW(1),7)'HMX',(HMX(I),I=1,LC)

          WRITE(KW(1),7)'RDMX',(RDMX(I),I=1,LC)

          WRITE(KW(1),8)'RWP1',(RWPC(1,I),I=1,LC)

          WRITE(KW(1),8)'RWP2',(RWPC(2,I),I=1,LC)

          WRITE(KW(1),6)'GMHU',(GMHU(I),I=1,LC)      

          WRITE(KW(1),9)'CNY',(CNY(I),I=1,LC)

          WRITE(KW(1),9)'CPY',(CPY(I),I=1,LC)

          WRITE(KW(1),9)'CKY',(CKY(I),I=1,LC)

          WRITE(KW(1),9)'WSYF',(WSYF(I),I=1,LC)

          WRITE(KW(1),7)'PST',(PST(I),I=1,LC)

          WRITE(KW(1),7)'CSTS',(CSTS(I),I=1,LC)

          WRITE(KW(1),7)'PRYG',(PRYG(I),I=1,LC)

          WRITE(KW(1),7)'PRYF',(PRYF(I),I=1,LC)

          WRITE(KW(1),7)'WCY',(WCY(I),I=1,LC)

          WRITE(KW(1),9)'BN1',(BN(1,I),I=1,LC)

          WRITE(KW(1),9)'BN2',(BN(2,I),I=1,LC)

          WRITE(KW(1),9)'BN3',(BN(3,I),I=1,LC)

          WRITE(KW(1),9)'BP1',(BP(1,I),I=1,LC)

          WRITE(KW(1),9)'BP2',(BP(2,I),I=1,LC)

          WRITE(KW(1),9)'BP3',(BP(3,I),I=1,LC)

          WRITE(KW(1),9)'BK1',(BK(1,I),I=1,LC)

          WRITE(KW(1),9)'BK2',(BK(2,I),I=1,LC)

          WRITE(KW(1),9)'BK3',(BK(3,I),I=1,LC)

          WRITE(KW(1),8)'BW1',(BWN(1,I),I=1,LC)

          WRITE(KW(1),8)'BW2',(BWN(2,I),I=1,LC)

          WRITE(KW(1),8)'BW3',(BWN(3,I),I=1,LC)

          WRITE(KW(1),8)'STX1',(STX(1,I),I=1,LC)

          WRITE(KW(1),8)'STX2',(STX(2,I),I=1,LC)

          WRITE(KW(1),8)'BLG1',(BLG(1,I),I=1,LC)

          WRITE(KW(1),8)'BLG2',(BLG(2,I),I=1,LC)

          WRITE(KW(1),8)'FTO ',(FTO(I),I=1,LC)

          WRITE(KW(1),8)'FLT ',(FLT(I),I=1,LC)

          WRITE(KW(1),10)'IDC',(IDC(I),I=1,LC)

      END IF    

      IPL=0

      DO J=1,LC

          BLG(3,J)=BLG(2,J)

          BLG(1,J)=BLG(1,J)/BLG(2,J)

          BLG(2,J)=.99

          CALL ASCRV(BLG(1,J),BLG(2,J),.5,1.,SCLM,32,KW(1))

          IF(NUPC>0)THEN

              BN(4,J)=BN(1,J)

              X1=BN(1,J)-BN(3,J)

              BN(1,J)=1.-(BN(2,J)-BN(3,J))/X1

              BN(2,J)=1.-.00001/X1

              CALL ASCRV(BN(1,J),BN(2,J),.5,1.,SCLM,33,KW(1))

              BP(4,J)=BP(1,J)

              X1=BP(1,J)-BP(3,J)

              BP(1,J)=1.-(BP(2,J)-BP(3,J))/X1

              BP(2,J)=1.-.00001/X1

              CALL ASCRV(BP(1,J),BP(2,J),.5,1.,SCLM,34,KW(1))

              BK(4,J)=BK(1,J)

              X1=BK(1,J)-BK(3,J)

              BK(1,J)=1.-(BK(2,J)-BK(3,J))/X1

              BK(2,J)=1.-.00001/X1

              CALL ASCRV(BK(1,J),BK(2,J),.5,1.,SCLM,35,KW(1))

          ELSE

              CALL NCONC(BN(1,J),BN(2,J),BN(3,J),BN(4,J),KW,MSO)

              CALL NCONC(BP(1,J),BP(2,J),BP(3,J),BP(4,J),KW,MSO)

              CALL NCONC(BK(1,J),BK(2,J),BK(3,J),BK(4,J),KW,MSO)

          END IF    

          X1=ASPLT(DLAP(1,J))*.01

          X2=ASPLT(DLAP(2,J))*.01

          CALL ASCRV(DLAP(1,J),DLAP(2,J),X1,X2,SCLM,36,KW(1))

          X1=ASPLT(FRST(1,J))

          X2=ASPLT(FRST(2,J))

          CALL ASCRV(FRST(1,J),FRST(2,J),X1,X2,SCLM,37,KW(1))

          WAC2(1,J)=.01

          X2=ASPLT(WAC2(2,J))

          WAX(J)=100.*WAC2(2,J)-WAI(J)

          WAC2(2,J)=.9

          CALL ASCRV(WAC2(1,J),WAC2(2,J),330.,X2,SCLM,38,KW(1))

          X2=ASPLT(VPD2(J))

          VPD2(J)=(1.-VPD2(J))/(X2-VPTH(J))

      END DO

      IF(KFL(1)>0)THEN

          CALL APAGE(0)

          WRITE(KW(1),11)

          WRITE(KW(1),1)(CPNM(I),I=1,LC)

          WRITE(KW(1),9)'LAP1',(DLAP(1,I),I=1,LC)

          WRITE(KW(1),9)'LAP2',(DLAP(2,I),I=1,LC)

          WRITE(KW(1),9)'PPC1',(PPCF(1,I),I=1,LC)

          WRITE(KW(1),9)'PPC2',(PPCF(2,I),I=1,LC)

          WRITE(KW(1),9)'FRS1',(FRST(1,I),I=1,LC)

          WRITE(KW(1),9)'FRS2',(FRST(2,I),I=1,LC)

          WRITE(KW(1),9)'WAC1',(WAC2(1,I),I=1,LC)

          WRITE(KW(1),9)'WAC2',(WAC2(2,I),I=1,LC)

          WRITE(KW(1),9)'BLG1',(BLG(1,I),I=1,LC)

          WRITE(KW(1),9)'BLG2',(BLG(2,I),I=1,LC)

      END IF    

      RETURN

    1 FORMAT(10X,100(6X,A4))

    6 FORMAT(T7,A4,100F10.1)

    7 FORMAT(T7,A4,100F10.2)

    8 FORMAT(T7,A4,100F10.3)

    9 FORMAT(T7,A4,100F10.4)

   10 FORMAT(T7,A4,100I10)

   11 FORMAT(//1X,'____________________CROP PARAMETERS__________________&

      __'/)

      END






src/CSTRS.f90

      SUBROUTINE CSTRS

!     APEX1501

!     THIS SUBPROGRAM CALCULATES PLANT STRESS FACTORS CAUSED BY LIMITED

!     N, P, AIR, AND WATER AND DETERMINES THE ACTIVE CONSTRAINT

!    (MINIMUM STRESS FACTOR--N, P, WATER, OR TEMPERATURE).  CALLS

!     NFIX AND NFERT(AUTOMATIC FERTILIZER OPTION).

      USE PARM

      J3=5

      IF(EP(JJK)>0.)THEN

          IF(RZSW(ISA)>0.)THEN

              WS(ISA)=100.*RZSW(ISA)/PAW(ISA)

              X1=WS(ISA)

              IF(SCLM(17)>0.)X1=MIN(X1,SCLM(17))

              WS(ISA)=X1/(X1+EXP(SCRP(17,1)-SCRP(17,2)*X1))

          ELSE

              WS(ISA)=0.

          END IF          

          WS(ISA)=(1.-PRMT(38))*WS(ISA)+PRMT(38)*AEP(JJK)/(EP(JJK)+1.E-10)

      END IF

      WFX=0.

      II=IDC(JJK)

      IF(II==NDC(1).OR.II==NDC(2).OR.II==NDC(3).OR.II==NDC(10))CALL NFIX

      SUX=SUN 

      CALL NAJN(UN,WNO3,UNM,SUX,1.,0)

	  SUN=SUX

	  X1=SUN/(UNM+1.E-10)

      UNM=SUN+WFX

      UN1(JJK,ISA)=UN1(JJK,ISA)+UNM

	  SUX=SUP

      IF(UPM>SUP)CALL NAJN(UP,WPML,UPM,SUX,1.,1)

	  SUP=SUX

      X2=SUP/(UPM+1.E-10)

      UPM=SUP

      UP1(JJK,ISA)=UP1(JJK,ISA)+UPM

      IF(UKM>SUK)CALL NAJN(UK,SOLK,UKM,SUK,1.,1)

      X3=MIN(1.,SUK/(UKM+1.E-10))

      UKM=SUK

      UK1(JJK,ISA)=UK1(JJK,ISA)+UKM

      CALL NUTS(UN1(JJK,ISA),UN2,SN)

      SN=MIN(1.,MAX(X1,SN)) !This limits SN <=1. Jaehak 2016

      CALL NUTS(UP1(JJK,ISA),UP2,SP)

      SP=MIN(1.,MAX(X2,SP)) !This limits SP <=1. Jaehak 2016

      CALL NUTS(UK1(JJK,ISA),UK2,SK)

      !SK=MAX(X3,SK)

      SK=1.

      X1=.15625*ZSLT(ISA)/SW(ISA)

      XX=X1-STX(2,JJK)

      IF(XX>0.)THEN

          SSLT=MAX(0.,1.-STX(1,JJK)*XX)

	  ELSE 

          SSLT=1.

      END IF

      VARC(16,JJK,ISA)=SSLT                                  

      DO

          CALL CFRG(6,J3,SAT,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(1,J3,WS(ISA),REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(3,J3,SP,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(4,J3,SK,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          CALL CFRG(7,J3,SSLT,REG(JJK,ISA),0.,JRT)

          IF(JRT>0)EXIT

          ZZ=REG(JJK,ISA)

          CALL CFRG(2,J3,SN,ZZ,REG(JJK,ISA),JRT)

          IF(JRT==0)EXIT

          REG(JJK,ISA)=ZZ

          IF(II==NDC(1).OR.II==NDC(2).OR.II==NDC(3))&

          EXIT

          IF(BFT(ISA)<=SN.OR.NDFA(ISA)<IFA(ISA))EXIT

          APMU=FNP(4,ISA)

	      CALL NFERT(APMU,4,IAUF(ISA),KT2,JRT)

	      EXIT

	  END DO    

      XX=1.-REG(JJK,ISA)

      SFMO(J3,JJK,ISA)=SFMO(J3,JJK,ISA)+XX

      SFCP(J3,JJK,ISA)=SFCP(J3,JJK,ISA)+XX

      J1=J3+9

      SMMC(J1,JJK,MO,ISA)=SMMC(J1,JJK,MO,ISA)+XX

	  SMMC(17,JJK,MO,ISA)=SMMC(17,JJK,MO,ISA)+XX

	  VARC(17,JJK,ISA)=REG(JJK,ISA)

      RETURN

      END






src/DUSTDST.f90

      SUBROUTINE DUSTDST

!     APEX1501

!     THIS SUBPROGRAM SETTLES AND DISTRIBUTES PARTICULATE MATTER(DUST) 

!     FROM FEEDYARDS TO SURROUNDING SUBAREAS.

      USE PARM

      DIMENSION NX(MSA)

      DIMENSION DPY(MSA),WDRX(16)

      DATA A90/1.5708/,A180/3.1416/,A270/4.7124/,A360/6.2832/,WDRX/.1963&

      ,.589,.9817,1.374,1.767,2.16,2.553,2.945,3.338,3.731,4.123,4.516,&

      4.909,5.301,5.694,6.087/

      IF(IDFH(ISA)==0)RETURN

!     IF(IFED(IDFH(ISA),IDON(ISA))/=ISA)RETURN

      TTH=TAN(THW)

      GRDX=.0005*GRDL(ISA)

      DO I=1,16

          IF(THW<WDRX(I))EXIT

      END DO

      IF(I>16)I=1

      NWDR(I)=NWDR(I)+1

      CALL DUSTEM

      IF(DEMR<1.E-5)RETURN

!     Q=86400.*U10(IRF(ISA))*ZW*GRDL(ISA)

!     CW=PRMT(65)*U10(IRF(ISA))**PRMT(66)

!     CIN=DEMR/Q

!     DY=.1

!     X1=DEMR

!     TRT=DY/(3.6*U10(IRF(ISA)))

!     FY=1.-EXP(-PRMT(64)*TRT*10.)

!     SUM=0.

!     DO 25 I=1,40

!     SUM=SUM+DY

!     YDST(I)=SUM

!     DEP=Q*(CIN-CW)*FY

!     IF(DEP<0.)GO TO 26

!     DPY(I)=DEP

!     X1=X1-DEP

!     CIN=X1/Q

!  25 CONTINUE

!  26 NYD=I-1 

      SUM=0.

      NDX=0

      DO I=1,MSA

          DPY(I)=0.

          NX(I)=I

          IF(I==ISA)CYCLE

          JDR=10

          ! COMPUTE BASE Y COORDINATE--X COORDINATE = WIND DIRECTION (THW)

          YB=(XCT(ISA)-XCT(I))*TTH+YCT(ISA)

          ! DETERMINE WHICH SUBAREAS ARE DOWN WIND FROM FEEDYARD

          IF(THW<A90.OR.THW>A270)THEN

              ! CASE 1 OR 2 (N WIND)

              IF(YCT(I)>YB)CYCLE

              Y0=YCT(I)-YCT(ISA)

              X0=XCT(I)-XCT(ISA)

              DIST=SQRT(X0*X0+Y0*Y0)

              IF(THW<A90)THEN

                  ! CASE 1 (NE WIND) 

                  IF(Y0>0.)THEN

                      ! CASE 1.1

                      ALF=ATAN(Y0/(X0+.001))

                      BTA=THW+ALF

                      JDR=9

                  ELSE

                      IF(X0>0.)THEN

                          ! CASE 1.4

                          ALF=ATAN(X0/(Y0+.001))

                          BTA=A90-THW+ALF

                          JDR=9

                      ELSE 

                          IF(Y0>X0/TTH)THEN

                              ! CASE 1.2

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=A90-THW-ALF

                          ELSE    

                              ! CASE 1.3

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=THW-ALF

                          END IF   

                      END IF    

                  END IF    

              ELSE    

                  ! CASE 2 (NW WIND)      

                  IF(X0<0.)THEN

                      ! CASE 2.1

                      ALF=ATAN(X0/(Y0+.001))

                      BTA=THW-A270-ALF

                      JDR=9

                  ELSE

                      IF(Y0>0.)THEN

                          ! CASE 2.4

                          ALF=ATAN(Y0/(X0+.001))

                          BTA=A360-THW-ALF

                          JDR=9

                      ELSE

                          IF(Y0<X0*TTH)THEN

                              ! CASE 2.2

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=A360-THW+ALF

                          ELSE    

                              ! CASE 2.3

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=THW-A270+ALF

                          END IF

                      END IF    

                  END IF    

              END IF    

          ELSE    

              IF(YCT(I)<YB)CYCLE

              ! CASE 3 OR 4 (S WIND)

              Y0=YCT(I)-YCT(ISA)

              X0=XCT(I)-XCT(ISA)

              DIST=SQRT(X0*X0+Y0*Y0)

              IF(THW<A180)THEN

                  ! CASE 3 (SE WIND)

                  IF(Y0<0.)THEN

                      ! CASE 3.1

                      ALF=ATAN(Y0/(X0+.001))

                      BTA=A180-THW-ALF

                      JDR=9

                  ELSE

                      IF(X0>0.)THEN

                          ! CASE 3.4

                          ALF=ATAN(X0/(Y0+.001))

                          BTA=THW-A90-ALF

                          JDR=9

                      ELSE    

                          IF(Y0<X0*TTH)THEN

                              ! CASE 3.2

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=THW-A90+ALF

                          ELSE    

                              ! CASE 3.3

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=A180-THW+ALF

                          END IF

                      END IF

                  END IF    

              ELSE    

                  ! CASE 4 (SW WIND)

                  IF(X0<0.)THEN

                      ! CASE 4.1

                      ALF=ATAN(X0/(Y0+.001))

                      BTA=A270-THW+ALF

                      JDR=9

                  ELSE

                      IF(Y0<0.)THEN

                          ! CASE 4.4

                          ALF=ATAN(Y0/(X0+.001))

                          BTA=THW-A180+ALF

                          JDR=9

                      ELSE    

                          IF(Y0>X0/TTH)THEN

                              ! CASE 4.2

                              ALF=ATAN(X0/(Y0+.001))

                              BTA=THW-A180-ALF

                          ELSE    

                              ! CASE 4.3

                              ALF=ATAN(Y0/(X0+.001))

                              BTA=A270-THW-ALF

                          END IF

                      END IF

                  END IF    

              END IF

          END IF

          ! COMPUTE NEW X AND Y COORDINATES ON BASE (XB,YB)

          IF(JDR==9)THEN

              XT=ABS(DIST*COS(BTA))

              YT=ABS(DIST*SIN(BTA))

          ELSE    

              XT=ABS(DIST*SIN(BTA))

              YT=ABS(DIST*COS(BTA))

          END IF    

          IF(XT<GRDX)THEN

              FX=1.

          ELSE

              X1=YT/XT

              IF(X1<.01)CYCLE

              X2=ATAN(X1)

              FX=(SIN(X2))**PRMT(67)

          END IF

          TRT=YT/(3.6*U10(IRF(ISA)))

          X1=PRMT(64)*TRT*10.

          IF(X1>10.)CYCLE

          FY=EXP(-X1)

          DPY(I)=FX*FY*WSA(I)

          SUM=SUM+DPY(I)

          NDX=NDX+1

          ! WRITE(KW(1),1)I,NBSA(I),IY,MO,KDA,THW,ALF,BTA,X0,Y0,XT,YT,DEMR,Q,

          ! 1U10(IRF(ISA)),TRT,CIN,CW,FX,FY,DPY(I)

      END DO

      IF(SUM>0.)THEN

          B1=DEMR/SUM

      ELSE

          B1=1.

      END IF   

      TOT=0.

      DO I=1,MSA

          DPY(I)=DPY(I)*B1

          TOT=TOT+DPY(I)

          PM10(I)=PM10(I)+DPY(I)

          SMM(94,MO,I)=SMM(94,MO,I)+DPY(I)

      END DO

      CALL ASORT1(DPY,NX,MSA)

      IF(KFL(20)>0)WRITE(KW(20),32)IY,IYR,MO,KDA,THW,U10(IRF(ISA)),DEMR,TOT

      SUM=0.

      DO I=1,NDX

          X1=DPY(NX(I))/TOT

          SUM=SUM+X1

          IF(SUM>.999)CYCLE

          ! WRITE(KW(1),30)I,NX(I),NBSA(NX(I)),DPY(NX(I)),X1,SUM

          IF(KFL(20)>0)WRITE(KW(20),31)I,NX(I),NBSA(NX(I)),DPY(NX(I)),X1,&

          SUM

      END DO

      ! WRITE(KW(1),29)DEMR,TOT

      RETURN

!   1 FORMAT(1X,3I4,2I2,20E13.5)

!  29 FORMAT(1X,2E13.5)

!  30 FORMAT(1X,3I4,3E13.5)

   31 FORMAT(5X,I8,1X,2I8,F10.2,2F10.4)

   32 FORMAT(2X,'YR#=',I4,1X,'Y M D=',I4,2I2,1X,'W DIR=',F5.1,' RAD',2X,&

      'W SPD=',F6.2,' m/s',2X,'DEMR=',F6.0,' KG',2X,'DDPR=',F6.0,' KG')

      END






src/DUSTEM.f90

      SUBROUTINE DUSTEM

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE PARTICULATE MATTER(DUST) EMISSION

!     RATE FROM FEEDYARDS.

      USE PARM

      LD1=LID(1,ISA)

      DEMR=32.*NCOW(IDFH(ISA),IDON(ISA))

      IF(STLT(ISA)>FC(LD1,ISA)-S15(LD1,ISA))THEN

          RTO=800.*SWLT(ISA)/RSD(LD1,ISA)

      ELSE

          RTO=10.*SWST(LD1,ISA)

      END IF

      IF(SCLM(19)>0.)RTO=MIN(RTO,SCLM(19))

      F=1.-RTO/(RTO+EXP(SCRP(19,1)-SCRP(19,2)*RTO))

      DEMR=.001*DEMR*F

      EM10(ISA)=EM10(ISA)+DEMR

      SMM(93,MO,ISA)=SMM(93,MO,ISA)+DEMR

      RETURN

      END      






src/EAJL.f90

      FUNCTION EAJL(X,Y)

!     APEX1501

!     THIS SUBPROGRAM IS CALLED BY ESLOS TO CALCULATE THE AMOUNT OF

!     MATERIAL ADDED TO THE TOP LAYER AND REMOVED FROM THE SECOND LAYER.

      EAJL=X*Y

      X=X-EAJL

      RETURN

      END






src/EBUFSA.f90

      SUBROUTINE EBUFSA

!     THIS SUBPROGRAM ROUTES SEDIMENT THROUGH UPLAND BUFFERS WITHIN A 

!     SUBAREA.  USED IN SIMULATING LARGE SUBAREAS WHERE ONLY THE 

!     FRACTION OF THE SA CONTROLLED BY BUFFERS IS KNOWN--NOT THE 

!     LOCATION OF INDIVIDUAL BUFFERS.

      USE PARM

      IDX=IDOA(ISA)

      WSA1=WSA(ISA)*BCOF(ISA)

      Q1=QVOL(IDO)

      Y1=YSD(NDRV,IDO)

      CIN=.1*Y1/Q1

      DEP=0.

      QFP=Q1*WSA1/(360.*(DUR+TC(ISA)))

      BFW=50.*WSA1

      DFP=(QFP/(BFSN(ISA)*BFW))**.6

      VFP=QFP/(DFP*BFW)

      CYFP=PRMT(19)*VFP**PRMT(18)

      TRT=.000278*BFFL(ISA)/VFP

      XX=FPSC(ISA)

      F=MIN(Q1,XX*TRT)

      QO=Q1-F

      IF(QO<1.E-5)THEN

          DEP=Y1

      ELSE

          X7=PRMT(45)*TRT*PSZM(ISA)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF

          X5=10.*(CYFP*QO-CIN*Q1)*F

          IF(X5>0.)THEN

              DEG=EK(ISA)*CVF(ISA)*X5

          ELSE

              DEP=-X5

          END IF

      END IF      

      Y2=MAX(1.E-10,Y1-DEP)

      QVOL(IDO)=QO*BCOF(ISA)+Q1*(1.-BCOF(ISA))

      YSD(NDRV,IDO)=Y2*BCOF(ISA)+YSD(NDRV,IDO)*(1.-BCOF(ISA))

      CY=.1*YSD(NDRV,IDO)/QVOL(IDO)

      IF(IERT>0)THEN

          ERTO=MIN(1.25,.78*(CY+1.E-4)**(-.2468))

      ELSE 

          B2=ALOG10(DRTO)/2.301

          B1=1./.1**B2

          ERTO=MIN(1.25,B1*(CY+1.E-4)**B2)

      END IF

      RETURN

      END 






src/EHYD.f90

	SUBROUTINE EHYD

!     APEX1501

!     THIS SUB PROGRAM COMPUTES SEDIMENT GRAPHS USING HYDROGRAPH FLOW

!     RATES AND AVE SED CONC

      USE PARM

      QQ=HYDV(IDO)

	  YY=YSD(NDRV,IDO)+STY(IDO)

	  X1=0.

	  !X1=STH(IDO)/CMM

	  R1=.5*X1/(QQ+X1)

	  R2=R1*YY

	  R2=MAX(R2,STY(IDO))

	  YX=YY-R2

	  CIN=.1*YX/QQ

	  T1=0.

      IF(KFL(26)>0)THEN

          WRITE(KW(26),7)IY,MO,KDA,IDO,ISA,NBSA(ISA),WSA(ISA),QQ,YY,R2

          WRITE(KW(26),9)

      END IF    

      Q1=QHY(1,IDO,IHX(1))

	  SUM=0.

 	  XX=180.*DTHY/WSA(ISA)

      XZ=2.*DTHY 

	  DO I=2,NHY(IDO)

	      Q2=QHY(I,IDO,IHX(1))

	      Q3=QHY(I+1,IDO,IHX(1))

	      C=ABS(Q2+(Q3-Q1)/XZ)

     	  YHY(I,IDO)=XX*(Q2+Q1)*C

 	      IF(KFL(26)>0)WRITE(KW(26),13)I,T1,Q2,C,YHY(I,IDO)

   	      SUM=SUM+YHY(I,IDO)

	      Q1=Q2

	  END DO

      RTO=YX/SUM

	  TOT=0.

	  XX=1.E-6*XX

	  Q1=QHY(1,IDO,IHX(1))

	  DO I=2,NHY(IDO)

	      YHY(I,IDO)=RTO*YHY(I,IDO)

	      T1=T1+DTHY

	      TOT=TOT+YHY(I,IDO)

	      Q2=QHY(I,IDO,IHX(1))

	      X1=XX*(Q1+Q2)

	      IF(X1>0.)THEN

	          C=.1*YHY(I,IDO)/X1

	      ELSE

	          C=0.

	      END IF

   	      IF(KFL(26)>0.)WRITE(KW(26),6)I,T1,Q2,C,YHY(I,IDO)

	      Q1=Q2

	  END DO

	  STY(IDO)=YY-TOT

      IF(KFL(26)>0)WRITE(KW(26),10)YY,R2,TOT,STY(IDO)

	  RETURN

    6 FORMAT(6X,I4,F10.2,F10.4,F10.1,F10.5)

    7 FORMAT(//T10,'COMPUTE SED GRAPH'/T10,'DATE(Y-M-D)=',3I4, 2X,&

      'IDO= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8/T10,'WSA= ',F12.3,' ha',2X&

      ,'HYDV= ',F8.3,' mm',2X,'YI= ',F8.3,' t/ha',2X,'STY= ',F8.3,&

      ' t/ha')

    9 FORMAT(//9X,'#',5X,'Th',10X,'QHYm3/s',5X,'CYppm',7X,'YHYt/s')

   10 FORMAT(10X,'YI=',F8.3,2X,'YIS=',F8.3,2X,'YO=',F8.3,2X,'YOS=',F8.3)

   12 FORMAT(5X,A2,4I4,2I2,5F10.2)

   13 FORMAT(6X,I4,6F12.5)

   15 FORMAT(20X,7F7.2)

      END 	 






src/ERHEM.f90

      SUBROUTINE ERHEM

!     APEX1605

!     THIS SUBPROGRAM PREDICTS DAILY SOIL LOSS FOR RANGELANDS USING 

!     EROSION EQS TAKEN FROM RHEM.  THIS MODIFICATION OF RHEM IS CALLED

!     REMX

      USE PARM

      DATA H2OC/9807./

      LD1=LID(1,ISA)

      DTS=3600.*DTHY

      IF(INFL==0.AND.IRFT==0)CALL HRFDT

      X2=1.-EXP(-.03*ROK(LD1,ISA))

      XX=1.-FRSD      

      !UBK=10**(-4.14-1.28*XX-.98*X2-.1516*CLA(LD1,ISA)+.0709*SIL(LD1,ISA))

      UBK=7.747E-6

      X1=MAX(FGC(ISA),FGSL(ISA))

      !SSK=PRMT(98)*CVF(ISA)*RSLK(ISA)

      !SSK=PRMT(98)*10**(3.133-.20055*X1-.5055*XX)*RSF(ISA) 

      !SSK=2090.

      IF(IREM==0)THEN

          IF(FBAR(ISA)>.5)THEN

              SSKG=1.3*10**(3.2727-.347*X1-.5226*XX)*RSF(ISA)

              SSKB=1.3*10**(4.1438-.347*X1-.5226*XX)*RSF(ISA)

              SSK=FBAR(ISA)*SSKB+(1.-FBAR(ISA))*SSKG

          ELSE

              SSK=1.3*10**(3.2727-.347*X1-.5226*XX)*RSF(ISA)

          END IF

      ELSE

          SSK=.1*YSSK/(DTS*QVOL(IDO))

      END IF

      PKQ=0.

      XX=0.

      BRFX=0.

      TOT=0.

      AD1=0.

      T1=0.

      SPB=H2OC*STP(ISA) 

      W0=2.46/STP(ISA)**.4

      DTSL=DTS/SPLG(ISA)

      DO I=2,NRF

          T1=T1+DTHY

          IF(INFL==1.OR.INFL==4)THEN

              QMM=QGA(I)

          ELSE

              X1=RFDT(I)-SCN2

              IF(X1>0.)THEN

                  QV=X1*X1/(RFDT(I)+.8*SCN)

              ELSE

                  QV=0.

              END IF

              QMM=QV-XX

          END IF

          IF(QMM>0.)THEN

              PKQ=MAX(QMM,PKQ)

              !QM3=10.*QMM

              QM3=QMM*SPLG(ISA)/1000.

              QCMS=QM3/DTS

              W=MIN(1.,W0*QCMS**.39)

              QCMSR=QCMS/W

              SP=SPB*QCMSR

              X2=EXP(.845+.412*LOG10(1000.*SP))

              TFC=.1*W*10**(-34.47+38.61*X2/(1.+X2))

              IF(IREM==0)THEN

                  XR=(RFDT(I)-RFDT(I-1))/(1000.*DTS)

                  X2=.001*QMM/DTS

                  DSS=SSK*XR**1.052*X2**.592

              ELSE

                  DSS=SSK*QMM

              END IF

              DCF=.5*SP*UBK

              DTOT=DSS+DCF

              X3=DTOT*DTS*W

              X4=TFC*DTSL

              DY=MIN(X3,X4)

              AD1=AD1+DY

              XX=QV

              BRFX=MAX(QCMS,BRFX)

              TOT=TOT+QMM

          END IF

      END DO

      PKQ=PKQ/DTHY

      YSD(6,IDO)=MAX(0.,10.*AD1)*WSA(ISA)

      !WRITE(KW(1),'(T10,A,F8.3,A,2X,A,F8.3,A)')'PKQ=',PKQ,'mm/h','YSD=',&

      !YSD(6,IDO),'t/ha'                               

      RETURN

      END






src/EROWN.f90

      FUNCTION EROWN(Y1)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES POTENTIAL WIND EROSION RATE FOR BARE

!     SOIL GIVEN WIND SPEED.

      USE PARM

      DU10=U10(IRF(ISA))*Y1

      USTR=.0408*DU10

      X1=USTR*USTR-USTW

      IF(X1>0.)THEN

          YWR=.255*X1**1.5

          EROWN=YWR*ALG

      ELSE

    !     WRITE(6,15)X,DU10,USTR,YWR,WDST(I)

          EROWN=0.

      END IF

      RETURN

      END






src/ESLOS.f90

      SUBROUTINE ESLOS(JRT)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE THICKNESS OF SOIL REMOVED BY EACH

!     EROSION EVENT, MOVES THE TOP LAYER INTO THE SECOND LAYER BY A DIST

!     EQUAL THE ERODED THICKNESS, AND ADJUSTS THE TOP LAYER SOIL

!     PROPERTIES BY INTERPOLATION.  WHEN THE SECOND LAYER IS REDUCED TO

!     TO A THICKNESS OF 10 MM, IT IS PLACED INTO THE THIRD LAYER.

      USE PARM

      WFN(X1,X2,Z1,Z2,ZZ)=(Z1*X1+Z2*X2)/ZZ

      AD1=0.

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

      END DO

	  JRT=0

      TK=.1*YERO/BD(LID(1,ISA),ISA)

      THK(ISA)=THK(ISA)+TK

      TK=TK*.001

      X1=TK+TKR(ISA)

      IF(X1>.01)THEN

          TKR(ISA)=X1-.01

          TK=.01

      ELSE

          TKR(ISA)=0.

      END IF

      W1=Z(LID(1,ISA),ISA)-TK

      W2=TK

      WT(LID(1,ISA),ISA)=WT(LID(1,ISA),ISA)-YERO

      IF(Z(LID(2,ISA),ISA)-Z(LID(1,ISA),ISA)-TK>.01)GO TO 10

      ! REMOVE LAYER 2 AND PLACE SMALL REMAINING CONTENTS IN LAYER 3

      ISL=LID(3,ISA)

      K=LID(2,ISA)

      Z1=Z(K,ISA)-Z(LID(1,ISA),ISA)

      Z2=Z(ISL,ISA)-Z(K,ISA)

      VV=Z1+Z2

	  ZZ=.01/VV

      PSP(ISL,ISA)=WFN(PSP(K,ISA),PSP(ISL,ISA),Z1,Z2,VV)

      ! BDM(ISL,ISA)=WFN(BDM(K,ISA),BDM(ISL,ISA),Z1,Z2,VV)

      CLA(ISL,ISA)=WFN(CLA(K,ISA),CLA(ISL,ISA),Z1,Z2,VV)

      SIL(ISL,ISA)=WFN(SIL(K,ISA),SIL(ISL,ISA),Z1,Z2,VV)

      SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

      ROK(ISL,ISA)=WFN(ROK(K,ISA),ROK(ISL,ISA),Z1,Z2,VV)

      SATC(ISL,ISA)=WFN(SATC(K,ISA),SATC(ISL,ISA),Z1,Z2,VV)

      PH(ISL,ISA)=WFN(PH(K,ISA),PH(ISL,ISA),Z1,Z2,VV)

      WT(ISL,ISA)=WT(ISL,ISA)+WT(K,ISA)

      BD(ISL,ISA)=.0001*WT(ISL,ISA)/VV

      WCMU(ISL,ISA)=WCMU(ISL,ISA)+WCMU(K,ISA)

      WCOU(ISL,ISA)=WCOU(ISL,ISA)+WCOU(K,ISA)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+WNO3(K,ISA)

      WNH3(ISL,ISA)=WNH3(ISL,ISA)+WNH3(K,ISA)

      WNMU(ISL,ISA)=WNMU(ISL,ISA)+WNMU(K,ISA)

	  WHPN(ISL,ISA)=WHPN(ISL,ISA)+WHPN(K,ISA)

      WHSN(ISL,ISA)=WHSN(ISL,ISA)+WHSN(K,ISA)

      WBMN(ISL,ISA)=WBMN(ISL,ISA)+WBMN(K,ISA)

      WLSN(ISL,ISA)=WLSN(ISL,ISA)+WLSN(K,ISA)

      WLMN(ISL,ISA)=WLMN(ISL,ISA)+WLMN(K,ISA)

      WHPC(ISL,ISA)=WHPC(ISL,ISA)+WHPC(K,ISA)

      WHSC(ISL,ISA)=WHSC(ISL,ISA)+WHSC(K,ISA)

      WBMC(ISL,ISA)=WBMC(ISL,ISA)+WBMC(K,ISA)

      WLS(ISL,ISA)=WLS(ISL,ISA)+WLS(K,ISA)

      WLM(ISL,ISA)=WLM(ISL,ISA)+WLM(K,ISA)

      WLSL(ISL,ISA)=WLSL(ISL,ISA)+WLSL(K,ISA)

      WLSC(ISL,ISA)=WLSC(ISL,ISA)+WLSC(K,ISA)

      WLMC(ISL,ISA)=WLMC(ISL,ISA)+WLMC(K,ISA)

      WLSLC(ISL,ISA)=WLSLC(ISL,ISA)+WLSLC(K,ISA)

      WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

      WPO(ISL,ISA)=WPO(ISL,ISA)+WPO(K,ISA)

      RSDM(ISL,ISA)=RSDM(ISL,ISA)+RSDM(K,ISA)

      WNOU(ISL,ISA)=WNOU(ISL,ISA)+WNOU(K,ISA)

      WPML(ISL,ISA)=WPML(ISL,ISA)+WPML(K,ISA)

	  WPMA(ISL,ISA)=WPMA(ISL,ISA)+WPMA(K,ISA)

      WPMU(ISL,ISA)=WPMU(ISL,ISA)+WPMU(K,ISA)

	  FOP(ISL,ISA)=FOP(ISL,ISA)+FOP(K,ISA)

      WPOU(ISL,ISA)=WPOU(ISL,ISA)+WPOU(K,ISA)

      WPMS(ISL,ISA)=WPMS(ISL,ISA)+WPMS(K,ISA)

      S15(ISL,ISA)=S15(ISL,ISA)+S15(K,ISA)

      FC(ISL,ISA)=FC(ISL,ISA)+FC(K,ISA)

      PO(ISL,ISA)=PO(ISL,ISA)+PO(K,ISA)

      CALL SPOFC(ISL)

      SWST(ISL,ISA)=SWST(ISL,ISA)+SWST(K,ISA)

      LORG(LID(1,ISA),ISA)=LORG(K,ISA)

      ! SPLIT LAYER NEAREST SURFACE WITH THICKNESS > 0.15 M IN HALF

      ZMX=0.

      L1=LID(1,ISA)

      MXZ=K

      DO J=3,NBSL(ISA)

          L=LID(J,ISA)

          ZZ=Z(L,ISA)-Z(L1,ISA)

          IF(ZZ>=.15)THEN

              MXZ=J

              ZMX=ZZ

              GO TO 7

          ELSE

              L1=L

              IF(ZZ<=ZMX+.01)CYCLE

              ZMX=ZZ

              MXZ=J

          END IF

      END DO

      L=LID(MXZ,ISA)

      L1=LID(MXZ-1,ISA)

      IF(ZMX>ZQT)GO TO 7

      NBSL(ISA)=NBSL(ISA)-1

      IF(NBSL(ISA)<3)THEN

	      JRT=1

          RETURN 

      END IF

      XNS(ISA)=NBSL(ISA)-1

      DO ISL=2,NBSL(ISA)

          LID(ISL,ISA)=LID(ISL+1,ISA)

      END DO

      GO TO 10

    7 MX1=MXZ-1

      IF(MX1/=2)THEN

          DO ISL=2,MX1

              LID(ISL,ISA)=LID(ISL+1,ISA)

          END DO

      END IF

      LID(MX1,ISA)=K

      LORG(K,ISA)=LORG(LID(MXZ,ISA),ISA)

      CALL SPLA(L,L1,K,.5,0)

!     ADJUST LAYER 1 BY INTERPOLATING BETWEEN LAYER 2 USING ERODED THICK

   10 ISL=LID(2,ISA)

      L1=LID(1,ISA)

      PSP(L1,ISA)=WFN(PSP(L1,ISA),PSP(ISL,ISA),W1,W2,Z(L1,ISA))

!     BDM(L1,ISA)=WFN(BDM(L1,ISA),BDM(ISL,ISA),W1,W2,Z(L1,ISA))

      CLA(L1,ISA)=WFN(CLA(L1,ISA),CLA(ISL,ISA),W1,W2,Z(L1,ISA))

      SIL(L1,ISA)=WFN(SIL(L1,ISA),SIL(ISL,ISA),W1,W2,Z(L1,ISA))

      SAN(L1,ISA)=100.-CLA(L1,ISA)-SIL(L1,ISA)

      BD(L1,ISA)=WFN(BD(L1,ISA),BD(ISL,ISA),W1,W2,Z(L1,ISA))

      SATC(L1,ISA)=WFN(SATC(L1,ISA),SATC(ISL,ISA),W1,W2,Z(L1,ISA))

      PH(L1,ISA)=WFN(PH(L1,ISA),PH(ISL,ISA),W1,W2,Z(L1,ISA))

      XX=Z(ISL,ISA)-Z(L1,ISA)

      GX=XX-TK

      RTO=GX/XX

      RX=1.

      IF(ROK(L1,ISA)>1.E-10)THEN

          X3=ROK(L1,ISA)

          !ROK(L1,ISA)=.01*X3/W1

          ROK(L1,ISA)=WFN(ROK(L1,ISA),ROK(ISL,ISA),W1,W2,Z(L1,ISA))

          RX=(100.-ROK(L1,ISA))/(100.-X3)

      END IF

      W1=W1/Z(L1,ISA)

      W2=W2/XX

      S15(L1,ISA)=WFN(S15(L1,ISA),S15(ISL,ISA),W1,W2,1.)*RX

      FC(L1,ISA)=WFN(FC(L1,ISA),FC(ISL,ISA),W1,W2,1.)*RX

      PO(ISL,ISA)=PO(ISL,ISA)*RTO

      S15(ISL,ISA)=S15(ISL,ISA)*RTO

      FC(ISL,ISA)=FC(ISL,ISA)*RTO

      CALL SPOFC(ISL)

      WT(ISL,ISA)=WT(ISL,ISA)*RTO

      PO(L1,ISA)=WFN(PO(L1,ISA),PO(ISL,ISA),W1,W2,1.)*RX

      CALL SPOFC(L1)

      WCMU(L1,ISA)=WCMU(L1,ISA)+EAJL(WCMU(ISL,ISA),W2)

      WCOU(L1,ISA)=WCOU(L1,ISA)+EAJL(WCOU(ISL,ISA),W2)

      WNO3(L1,ISA)=WNO3(L1,ISA)+EAJL(WNO3(ISL,ISA),W2)

      WNH3(L1,ISA)=WNH3(L1,ISA)+EAJL(WNH3(ISL,ISA),W2)

      WNMU(L1,ISA)=WNMU(L1,ISA)+EAJL(WNMU(ISL,ISA),W2)

      WPO(L1,ISA)=WPO(L1,ISA)+EAJL(WPO(ISL,ISA),W2)

      RSDM(L1,ISA)=RSDM(L1,ISA)+EAJL(RSDM(ISL,ISA),W2)

      WNOU(L1,ISA)=WNOU(L1,ISA)+EAJL(WNOU(ISL,ISA),W2)

      WPML(L1,ISA)=WPML(L1,ISA)+EAJL(WPML(ISL,ISA),W2)

	  WPMA(L1,ISA)=WPMA(L1,ISA)+EAJL(WPMA(ISL,ISA),W2)

      WPMU(L1,ISA)=WPMU(L1,ISA)+EAJL(WPMU(ISL,ISA),W2)

	  WHPN(L1,ISA)=WHPN(L1,ISA)+EAJL(WHPN(ISL,ISA),W2)

      WHSN(L1,ISA)=WHSN(L1,ISA)+EAJL(WHSN(ISL,ISA),W2)

      WBMN(L1,ISA)=WBMN(L1,ISA)+EAJL(WBMN(ISL,ISA),W2)

      WLSN(L1,ISA)=WLSN(L1,ISA)+EAJL(WLSN(ISL,ISA),W2)

      WLMN(L1,ISA)=WLMN(L1,ISA)+EAJL(WLMN(ISL,ISA),W2)

      WHPC(L1,ISA)=WHPC(L1,ISA)+EAJL(WHPC(ISL,ISA),W2)

      WHSC(L1,ISA)=WHSC(L1,ISA)+EAJL(WHSC(ISL,ISA),W2)

      WBMC(L1,ISA)=WBMC(L1,ISA)+EAJL(WBMC(ISL,ISA),W2)

      WLS(L1,ISA)=WLS(L1,ISA)+EAJL(WLS(ISL,ISA),W2)

      WLM(L1,ISA)=WLM(L1,ISA)+EAJL(WLM(ISL,ISA),W2)

      WLSL(L1,ISA)=WLSL(L1,ISA)+EAJL(WLSL(ISL,ISA),W2)

      WLSC(L1,ISA)=WLSC(L1,ISA)+EAJL(WLSC(ISL,ISA),W2)

      WLMC(L1,ISA)=WLMC(L1,ISA)+EAJL(WLMC(ISL,ISA),W2)

      WLSLC(L1,ISA)=WLSLC(L1,ISA)+EAJL(WLSLC(ISL,ISA),W2)

      WLSLNC(L1,ISA)=WLSC(L1,ISA)-WLSLC(L1,ISA)

	  FOP(L1,ISA)=FOP(L1,ISA)+EAJL(FOP(ISL,ISA),W2)

      WPOU(L1,ISA)=WPOU(L1,ISA)+EAJL(WPOU(ISL,ISA),W2)

      WPMS(L1,ISA)=WPMS(L1,ISA)+EAJL(WPMS(ISL,ISA),W2)

      SOLK(L1,ISA)=SOLK(L1,ISA)+EAJL(SOLK(ISL,ISA),W2)

      EXCK(L1,ISA)=EXCK(L1,ISA)+EAJL(EXCK(ISL,ISA),W2)

      FIXK(L1,ISA)=FIXK(L1,ISA)+EAJL(FIXK(ISL,ISA),W2)

      SWST(L1,ISA)=SWST(L1,ISA)+EAJL(SWST(ISL,ISA),W2)

      XY=.01*(1.-.01*ROK(L1,ISA))

      XX=XY

      WT(L1,ISA)=BD(L1,ISA)*100.

      ABD(ISA)=WT(L1,ISA)

      DO I=2,NBSL(ISA)

          ISL=LID(I,ISA)

          Z(ISL,ISA)=Z(ISL,ISA)-TK

          ABD(ISA)=ABD(ISA)+WT(ISL,ISA)

      END DO

      XX=Z(LID(NBSL(ISA),ISA),ISA)

      IF(XX<=ZF)THEN

	      JRT=1

          RETURN 

      ELSE

          IF(BIG(ISA)>=XX)THEN

              BIG(ISA)=XX

              PMX(ISA)=XX

          END IF

          ABD(ISA)=ABD(ISA)*1.E-4/Z(LID(NBSL(ISA),ISA),ISA)

            AD2=0.

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

      DF=AD1-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,DF

    1 FORMAT(5X,'ESLOS',3I4,10E13.5)      

      END IF

      RETURN

      END






src/EWEMHKS.f90

      SUBROUTINE EWEMHKS(JRT)

!     EPIC0806

!     THIS SUBPROGRAM ESTIMATES DAILY SOIL LOSS CAUSED BY WIND EROSION,

!     GIVEN THE AVERAGE WIND SPEED AND DIRECTION.

      USE PARM

      JRT=0

      !IF(U10(IRF(ISA))<6.)THEN    ! Original statement commented by Luca Doro

      if(u10(irf(isa))<6. .or. PADDY_STO(1,ISA)>1.E-10)then    ! New statement to eliminate wind erosion if water is in the paddy - Luca Doro 20190716

          JRT=1

          RETURN

      ELSE

          WD=193.*EXP(1.103*(U10(IRF(ISA))-30.)/(U10(IRF(ISA))+1.))

          BT=PI2/4.+THW-ANG

          ALG=FL*FW/(FL*ABS(COS(BT))+FW*ABS(SIN(BT)))

          IF(RGIN>0.)THEN

              X1=1.+RHTT(ISA)

              RK=.004*X1*X1/RGIN

              IF(RK<2.27)THEN

                  RF=1.

              ELSE

                  IF(RK<89.)THEN

                      RF=1.125-.153*LOG(RK)

                  ELSE

                      RF=.336*EXP(.00324*RK)

                  END IF

              END IF

          ELSE

              RF=1.          

          END IF

          VAC(ISA)=1000.*(VAC(ISA)+BWN(3,JD(ISA))*RSD(LID(1,ISA),ISA))

          IF(VAC(ISA)>4000.)THEN

              JRT=1

              RETURN

          END IF

          VF=.2533*VAC(ISA)**1.363

          BV=1.+VF*(8.9303E-5+VF*(8.5074E-9-VF*1.5888E-13))

          AV=EXP(VF*(-7.5935E-4-VF*(4.7416E-8-VF*2.9476E-13)))

          E2=695.*WK(ISA)*RF

          XL=1.5579E6*E2**(-1.2571)*EXP(-.001558*E2)

          AA=ALG*1000./XL

          F=(AA/(AA+EXP(-3.2388-1.6241*AA)))

	      XX=F**.3484+WCF-1.

	      IF(XX<=0.)THEN

	          JRT=1

	          RETURN

	      END IF

          E4=(XX*E2**.3484)**2.8702

          E5=AV*E4**BV

          YWKS=E5*WD/WB

      END IF

      RETURN

      END






src/EWER.f90

      SUBROUTINE EWER(JRT)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOIL LOSS CAUSED BY WIND EROSION,

!     GIVEN THE AVERAGE WIND SPEED AND DIRECTION.

      USE PARM

      JRT=0

      !IF(U10(IRF(ISA))<6.)THEN    ! Original statement commented by Luca Doro

      if(u10(irf(isa))<6. .or. PADDY_STO(1,ISA)>1.E-10)then    ! New statement to eliminate wind erosion if water is in the paddy - Luca Doro 20190716

          JRT=1

          RETURN

      ELSE

          BT=PI2/4.+THW-ANG

          ALG=FL*FW/(FL*ABS(COS(BT))+FW*ABS(SIN(BT)))

          RRF=11.9*(1.-EXP(-(RRUF(ISA)/9.8)**1.3))

          RIF=ABS(SIN(BT))*1.27*RHTT(ISA)**.52

          RFB=MAX(.1,RRF+RIF)

          RFC=.77*1.002**RHTT(ISA)

          RGRF=1.-EXP(-(10./RFB)**RFC)

          X1=VAC(ISA)

          X1=MIN(10.,X1+BWN(3,JD(ISA))*RSD(LID(1,ISA),ISA))

          IF(SCLM(13)>0.)X1=MIN(X1,SCLM(13))

          F=X1/(X1+EXP(SCRP(13,1)-SCRP(13,2)*X1))

          VGF=(1.-F)*SRNG(13)+SCMN(13)

          ALG=1.-EXP(-ALG/.07)

          RTO=SWST(LID(1,ISA),ISA)/S15(LID(1,ISA),ISA)

          SMM(60,MO,ISA)=SMM(60,MO,ISA)+RTO

          NWDA(ISA)=NWDA(ISA)+1

          VAR(60,ISA)=RTO

          USTW=USTT+.5*RTO*RTO

          CALL EWNINT

          ROKF=EXP(-.047*ROK(LID(1,ISA),ISA))

          X1=PRMT(13)*TLMF(ISA)

          IF(X1>10.)THEN

              WK1=1.E-5

          ELSE

              WK1=WK(ISA)*EXP(-X1)

          END IF

          SMM(32,MO,ISA)=SMM(32,MO,ISA)+WK1

          VAR(32,ISA)=WK1

          X1=RGRF*VGF*ROKF*WK1

          YW(IDO)=8640.*YW(IDO)*X1

          IF(YW(IDO)<.001)YW(IDO)=0.

          TLMF(ISA)=TLMF(ISA)+YW(IDO)

          TVGF(ISA)=TVGF(ISA)+X1

      END IF

      RETURN

      END






src/EWER2.f90

    Subroutine EWER2(JRT)

        !This subroutine estimates daily soil loss by wind erosion using the Landscape Wind Erosion (LWE) model 

        !given aveage daily wind speed, soil texture, and vegetation status.

        !Created on Mon Aug 20 11:21:54 2018

        !

        !@author: tadesse.abitew

        USE lwe_lib

        use parm

        character(len=100):: wind_data,gap_data,cdate

        real(kind=8):: soil_clay_fraction,soil_moisture_mass_fraction

        real, dimension(:,:), allocatable:: wind_val,curday_wind

        character(len=8), dimension(:), allocatable:: wind_date,gap_date,veg_date,cov_date

        real:: alpha, loc, scale,cur_gap,gap_adj,u_avg,veg_mean_height

        real, dimension(:), allocatable:: PPLP2_MAX,PP_X,LAI_MAX,LAI_MIN

        real, dimension(:,:), allocatable:: gap_val,curday_gap,soil_parms_data,veg_ht,veg_cover,u_mean

        character(len=20), dimension(:), allocatable:: soil_names

        character(:),allocatable:: site_soil_name,sol_nam1,sol_nam2

        character(len=8):: idate,idate_yr, idate_mo, idate_day

        character(len=50):: itmp

        INTEGER::ILWE !THIS IS LWE_IWND OPTION

        integer:: fnum=1211112

        

        integer:: err=0,ndat=0,nval=0, k=2,nval_n=0



        JRT=1 !This is a temporary setting NOT to print wind erosion outputs.

        

        write(idate_yr,'(i4)') IYR

        !!leading 0 added by Tadesse

        if(MO <10) then

            write(idate_mo,'(A,i1)')'0', MO

        else

            write(idate_mo,'(i2)') MO

        end if 

        if (KDA <10) then

            write(idate_day,'(A,i1)')'0', KDA

        else

            write(idate_day,'(i2)') KDA

        end if

            

        idate = trim(idate_yr)//trim(idate_mo)//trim(idate_day)        

        

							 

        !Use daily avg wind speed if obs wind speed data is not available for current day

        if(idate>=wind_idate) then

            ILWE=LWE_IWND

        else

            ILWE=1

				 

        endif

        

        ! wind spead data read and pdf

        if (ILWE==1) then

            !!data type 1 = mean wind speed

            allocate(wind_pdf(2,BINCOUNT))

            !

            u_bin=0.

            u_avg = U10(IRF(ISA)) !daily avg. wind speed, m/s

                        

            if (u_avg < 3.0) then

                u=3.0

            elseif (u_avg > 9) then

                u=9

            else

                u=u_avg

            endif

            

            usq=u*u

            alpha=0.591*usq - 5.7359*u +18.582

            loc=-0.30003*usq + 2.7153*u - 6.5466

            scale=-0.0699*usq + 0.9208*u - 1.6108

            

            call wind_gamma_pdf(alpha, loc, scale) 

        elseif (ILWE==2) then

            !!data type 2 = mean wind speed

            !!observation based

            !!read mean max wind speed

            ndat=0

            open(FNUM,file=wind_daily_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(wind_date(ndat),u_mean(1,ndat))

            u_mean = 0.

            

            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) wind_date(i), u_mean(1,i)

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (wind_date(i)==idate) then

                    u_avg = u_mean(1,i) !meters

                    nval=i

                    exit

                end if

            end do

            ! keep the observtion date until new observation

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                u_avg_stor = u_avg

            endif

            u_avg = u_avg_stor ! store observation

            allocate(wind_pdf(2,bincount))



            !u_bin=0.

            !u_avg = U10(IRF(ISA)) !daily avg. wind speed, m/s

            

            call wind_rayleigh_pdf(u_avg,k) 

            

        elseif (ILWE==3) then

            !data type=3 observed histogram

            !read data

            open(FNUM,file=wind_data_fname,status='old')

            ndat=0

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            rewind(FNUM)

            ndat = ndat - 1

            allocate(wind_date(ndat),wind_val(2,ndat),curday_wind(2,ndat))

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,'(a8,2f8.0)') wind_date(i),wind_val(1,i),wind_val(2,i)

            end do

            close(FNUM)

            



            nval = 0

            do i=1,ndat

                if (wind_date(i)==idate) then

                    nval = nval + 1

                    curday_wind(:,nval) = wind_val(:,i)

                    

                end if

            end do

            nval_n =0

            if (nval /= 0) then

                do i=1,nval

                    if (curday_wind(2,i)/=0.) then ! excluding wind speed with 0 probability

                        nval_n = nval_n+1

                        curday_wind_stor(:,nval_n) = curday_wind(:,i)

                    endif

                end do

                nval_wind = nval_n

            endif 

            curday_wind = curday_wind_stor(:,1:nval_wind)

            nval = nval_wind

            

            call Wind_pdf_by_obsv(curday_wind,nval)

            



        else

            ! data type=3 gamma parameters

            ndat=0

            allocate(wind_pdf(2,BINCOUNT))

            open(FNUM,file=gamma_parm_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            !allocate(gamma_parms(ndat,4))

            gamma_parms = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gamma_parms(i,1), gamma_parms(i,2), gamma_parms(i,3), gamma_parms(i,4)

            end do

            close(FNUM)

            

            ierr=0

            do i=1,ndat

                if (int(gamma_parms(i,1))==isa) then

                    alpha = gamma_parms(i,2)

                    loc = gamma_parms(i,3)

                    scale = gamma_parms(i,4)

                    ierr=1

                    exit

                end if

            end do

            if (ierr==0) then

                write (*,*) 'no gamma parameters found in gamma_parameters.dat for ', isa

                stop

            end if

            

            call wind_gamma_pdf(alpha, loc, scale) 

        endif  

        

        !mean vegetation height

        if (LWE_IHT ==1) then 

            if (sum(slai(:,isa))>0) then

               veg_mean_height = sum(CPHT(:,ISA)*SLAI(:,ISA)) / sum(SLAI(:,ISA))

            else

               veg_mean_height = 0.

            end if

            ! avoid considerably low height/zero height

            !rough surface/biomass 1cm min value

            if (veg_mean_height < 0.01) then

                veg_mean_height = 0.01

            end if

        else

            !observation based

            !read vegetation height and cover

            ndat=0

            open(FNUM,file=veg_ht_cover_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(veg_date(ndat),veg_ht(2,ndat))

            veg_ht = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) veg_date(i), veg_ht(1,i),veg_ht(2,i)

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (veg_date(i)==idate) then

                    veg_mean_height = veg_ht(1,i) !meters

                    nval=i

                    exit

                end if

            end do

            ! keep the observtion date until new observation

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                veg_mean_height_stor = veg_mean_height

            endif

            veg_mean_height = veg_mean_height_stor ! store observation

            

        end if

        !vegetation cover

        !veg_cover_fraction=fgc(isa)

        if (LWE_ICOV==1) then

            ! fraction ground cover, calculated in CGROW 

            veg_cover_fraction=fgc(isa)

            !avoid zero cover value 

            !natural vegetation has standing biomass

            if (veg_cover_fraction < 0.05) then

                veg_cover_fraction =0.05

            end if 

                

        else

            !input from measurement

            ndat=0

            open(FNUM,file=veg_ht_cover_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(cov_date(ndat),veg_cover(2,ndat))

            veg_cover = 0.

        

            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) cov_date(i), veg_cover(1,i),veg_cover(2,i) !1 height 2 cover from input data

                

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                !this pick height on observation day

                if (cov_date(i)==idate) then

                    veg_cover_fraction = veg_cover(2,i) !fraction

                    nval = i

                    exit

                end if

            end do

            if (nval /=0) then

                !allocate(curday_gap_stor(2,ndat))

                veg_cover_fraction_stor = veg_cover_fraction

            endif

            veg_cover_fraction = veg_cover_fraction_stor

        end if

            



        if (LWE_IPLT==1) then

            ! Option 1: gap parameterization using APEX simulation

            ! extract mean vegetation height in m

                    !take daily variables from APEX

         !take daily variables from APEX

            nplt = NCP(IRO(ISA),ISA)

            allocate(PPLP2_MAX(nplt),PP_X(nplt),LAI_MAX(nplt),LAI_MIN(nplt))

            !LAI_MIN = 0.1

            DO K=1,nplt

                JJK = LY(IRO(ISA),K,ISA)

                PP_X(K) = POP(JJK,IHU(JJK,ISA),ISA)

                LAI_MAX(K) = DMLA(JJK)

                LAI_MIN(K) = DMLA(JJK)*0.01 !1%DMLA

                PPLP2_MAX(K) = PPLP_MAX(JJK)  !MAX plant population based on PPLP2

                IF(PPLP2_MAX(K)<PP_X(K)) PPLP2_MAX(K) = PP_X(K) * 1.1

                IF(LAI_MIN(K)>SLAI(JJK,ISA)) LAI_MIN = SLAI(JJK,ISA) * 0.9

            END DO

        

            gap_adj=plant_gap(WSA(ISA),PPLP2_max,PP_x,LAI_MAX,LAI_MIN,SLAI(:,ISA),nplt)

            

            call compute_gapdist_by_mean(gap_adj,veg_mean_height)

      

        elseif (LWE_IPLT==2) then

            ! Option 2: use obsered gap data

            ndat=0

            open(FNUM,file=gap_dist_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(gap_date(ndat),gap_val(2,ndat),curday_gap(2,ndat))

            gap_val = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gap_date(i), gap_val(1,i), gap_val(2,i)

                

            end do

            close(FNUM)

            nval = 0

            do i=1,ndat

                if (gap_date(i)==idate) then

                    nval = nval + 1

                    curday_gap(:,nval) = gap_val(:,i) !meters

                    !idate_match= idate ! used below for height & cover

                    

                end if

            end do

            if (nval /= 0) then

                curday_gap_stor(:,1:nval) = curday_gap

                nval_gap = nval

            endif

            curday_gap = curday_gap_stor !store observation

            nval =nval_gap 

            

            

            call gapdist_raw_obs(curday_gap,veg_mean_height,nval)

        else

            ! Option 3: use field observed mean gap distance

            ndat=0

            open(FNUM,file=gap_mean_fname,status='old')

            do while (err==0)

                read(FNUM,'(a30)',iostat=err) itmp

                if(itmp(1:8)=='        '.or.err/=0) exit

                ndat = ndat + 1

            end do

            ndat = ndat - 1

            allocate(gap_date(ndat),gap_val(1,ndat))

            gap_val = 0.



            rewind(FNUM)

            read(FNUM,*,iostat=err) itmp

            do i=1,ndat

                read(FNUM,*) gap_date(i), gap_val(1,i)

            end do

            close(FNUM)

            nval=0

            do i=1,ndat

                if (gap_date(i)==idate) then

                    cur_gap = gap_val(1,i) !meters

                    nval = i

                    !idate_match= idate

                    exit

                end if

            end do

            if (nval /= 0) then

                curday_gap_mean_stor = cur_gap

            endif

            cur_gap = curday_gap_mean_stor !store observation           

            

            call compute_gapdist_by_mean(cur_gap,veg_mean_height)

        

        end if



        ! Soil properties

        site_soil_name = TITSO(ISA)

        sand = SAN(LID(1,ISA),ISA) / 100.

        silt = SIL(LID(1,ISA),ISA) / 100.

        clay = CLA(LID(1,ISA),ISA) / 100.

        

        sol_nam1 = trim(site_soil_name)

        sol_nam2 = sol_nam1(1:len(sol_nam1)-4)

        

        ! reading and formatting soil database 

        ! data type for each column

        ! Shao, Y. (2004), Simplification of a dust emission scheme and comparison with data, J. Geophys. Res., 109

        open(FNUM,file=soil_psd_fname,status='old')

        ndat=0

        do while (err==0)

            read(FNUM,'(a30)',iostat=err) itmp

            if(itmp(1:8)=='        '.or.err/=0) exit

            ndat = ndat + 1

        end do

        rewind(FNUM)

        ndat = ndat - 1

        allocate(soil_names(ndat),soil_parms_data(ndat,24))

        err = 0

        read(FNUM,*) itmp

        do i=1,ndat

            read(FNUM,*) soil_names(i),(soil_parms_data(i,j),j=1,24)

            if (soil_names(i)==sol_nam2) then

                soil_type = sol_nam2

                err = 1

                exit

            end if

        end do

        close(FNUM)

        !In APEX the soil fraction should be taken from the existing APEX soil database

        if (err==0) then

            call get_nearest_soil_type(soil_type,soil_names,soil_parms_data,ndat,sand,silt,clay) 

        end if

               

        !Minimally/Fully dispersed soil parms

        do i=1,ndat

            if(soil_names(i)==soil_type) then

                min_disp_params(:,1) = soil_parms_data(i,1:3)

                min_disp_params(:,2) = soil_parms_data(i,4:6)

                min_disp_params(:,3) = soil_parms_data(i,7:9)

                min_disp_params(:,4) = soil_parms_data(i,10:12)

                full_disp_params(:,1) = soil_parms_data(i,13:15)

                full_disp_params(:,2) = soil_parms_data(i,16:18)

                full_disp_params(:,3) = soil_parms_data(i,19:21)

                full_disp_params(:,4) = soil_parms_data(i,22:24)

                exit

            endif

        end do

        !Calculate particle size distribution for minimally/fully dispersed soils

        soil_psd_parm = min_disp_params   

        call soil_psd_by_soilparm(soil_psd_parm)

        psd_m = soil_psd

        soil_psd_parm = full_disp_params

        call soil_psd_by_soilparm(soil_psd_parm)

        psd_f = soil_psd

        

        ! compute soil texture fractions( sand, silt and clay)

        call get_sand_silt_clay(sand,silt,clay) 

        soil_clay_fraction = clay

        

        !soil moisture fraction 

        LD1 = LID(1,ISA)

        soil_moisture_mass_fraction = SWST(LD1,ISA)*10. / WT(LD1,ISA) ! t/ha water per t/ha soil

        !soil_moisture_mass_fraction = 0.0



        nbinw = size(wind_pdf,2)

        nbinvg = size(gap_pdf,2)

        

        !shear velocity

        call compute_ustar_okin()

        !threshold frcition velocity

        call ustart(psd_m,psd_f,soil_moisture_mass_fraction,soil_clay_fraction)

        !print*, ustar_t_dry



        !horizxontal flux

        call horizontal_flux()

        

        !vertical flux

        call Vflux_Shao_11()

        ustar_total = sum(ustar_okin_pdf(:,1)*ustar_okin_pdf(:,2))

        ustart_total = sum(ustart_pdf(:,2)*ustart_pdf(:,3))

        write(10022018,'(I6,2I4,I10,20ES10.3)')IYR,MO,KDA,ISA,U10(IRF(ISA)),&

        hflux_total,vflux_total,ustar_total,ustart_total,veg_cover_fraction,&

        veg_mean_height,gap_adj,soil_moisture_mass_fraction

        deallocate(wind_pdf,gap_pdf,ustar_okin_pdf,vflux_pdf)

    End SUBROUTINE



    








src/EWER2_init.f90

    Subroutine EWER2_init()

        !This subroutine estimates daily soil loss by wind erosion using the Landscape Wind Erosion (LWE) model 

        !given aveage daily wind speed, soil texture, and vegetation status.

        !Created on Mon Aug 20 11:21:54 2018

        !

        !@author: tadesse.abitew

        USE LWE_lib

        use parm

        INTEGER(kind=8):: FNUM=5127679232,err

        allocate(soil_psd(PSD_BINCOUNT,4),psd_m(PSD_BINCOUNT,4),psd_f(PSD_BINCOUNT,4),ustart_pdf(PSD_BINCOUNT,3),hflux_pdf(PSD_BINCOUNT,3))



        ! Read input in the Landscape Wind Erosion input file

        open(FNUM,file=FLWE)  

        read(FNUM,*) lwe_idat

        read(FNUM,*) lwe_z0

        read(FNUM,*) okin_A

        read(FNUM,*) okin_efold

        read(FNUM,*) okin_ssr0

        read(FNUM,*) pdf_factor

        read(FNUM,*) SHAO_11_CY

        read(FNUM,*) PLASTP

        read(FNUM,*) KAPPA

        read(FNUM,*) 

        read(FNUM,*) LWE_IWND

        read(FNUM,*) LWE_IPLT

        read(FNUM,*) LWE_IHT

        read(FNUM,*) LWE_ICOV

        read(FNUM,*) max_cangap

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) 

        read(FNUM,*) wind_data_fname

        read(FNUM,*) gamma_parm_fname

        read(FNUM,*) gap_dist_fname 

        read(FNUM,*) gap_mean_fname 

        read(FNUM,*) soil_psd_fname

        read(FNUM,*) veg_ht_cover_fname

        read(FNUM,*) wind_daily_fname

        close(FNUM)



        if (LWE_IWND==3) then

            open(FNUM,file=wind_data_fname,status='old')

            read(FNUM,'(a8)',iostat=err) tmp

            if(err/=0) then

               write(*,*)'Error while reading '//wind_data_fname

               stop

            endif

            

            read(FNUM,'(a8)',iostat=err) wind_idate

            if(err/=0) then

               write(*,*)'Error while reading '//wind_data_fname

               stop

            endif

            CLOSE(FNUM)

        endif

        

        End SUBROUTINE



    








src/EWER2_LIB.f90

    Module LWE_LIB

    !this module contains subroutines that estimates horizontal flux and vertical flux of wind erosion 

    !in subareas using the Landscape Wind Erosion (LWE) model.

    

    contains



    ! vegatation gap pdf

    Subroutine gapdist_raw_obs(gap_obsv,veg_mean_height,nval)

        ! This function formates gap pdf based on input distribution data

        ! Input variables: gap_obsv: vegetation gap pdf data (two columns: vegation gap distance, probability)

        !                  veg_mean_height: mean vegetation height (m)

        ! BINCOUNT: number of bins to format the wind speed pdf

        ! Output variable: gap_pdf: vegetation gap pdf 

                         

        use parm

        integer, intent(in):: nval

        integer:: i, nbin

        real, dimension(2,nval), intent(in):: gap_obsv

        real, intent(in):: veg_mean_height

        real:: GAP_MAX=20,GAP_MIN=0.1,epsilon=1e-6

        real*4, dimension(nval):: vg_data,prob

        real, dimension(:,:), allocatable:: data_vg

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(BINCOUNT):: bin_mids,bin_pdf,p_gapdist

        real:: range,wtt,psum

        !integer::nval_raw

        

       

        vg_data(:) = gap_obsv(1,:) + epsilon

        prob(:) = gap_obsv(2,:)

       

        GAP_MAX = maxval(vg_data)

        GAP_MIN = minval(vg_data)

        psum = sum(prob) ! probability summation

        !nval_raw=0

        !do i=1,nval

        !    if (vg_data(i) >= GAP_MIN .and. vg_data(i) <= GAP_MAX) then

        !        print*, vg_data(i) >= GAP_MIN, vg_data(i),GAP_MIN

        !        nval_raw =nval_raw+1

        !    end if

        !end do

            

        

        ! if input gap data is less than input BINCOUNT

        if (nval<=BINCOUNT) then

            

            do i=1,nval 

                prob(i) = prob(i) / psum 

            end do

            

            !sort the data based on gap distance

            call quicksort(vg_data,prob,1,nval) 

            

             !find unique values for vegetation gap. bin-mid points uniquness/ multiple equal values

            bin_mids(1) = vg_data(1)

            nbin = 1

            do i=2,nval

                if (vg_data(i)/=vg_data(i-1)) then

                    bin_mids(nbin) = vg_data(i)

                    nbin = nbin + 1

                end if    

            end do



            allocate(gap_pdf(2,nbin))

            do i=1,nbin

                gap_pdf(1,i) = bin_mids(i)

            end do

            

            ! Aggregrate probabilities for unique vg gap values

            do i=1,nbin

                wtt=0.

                do j=1,nval

                    if (bin_mids(i)==vg_data(j)) then

                        wtt = wtt + prob(j)

                    end if

                end do

                gap_pdf(2,i) = wtt

            end do

                

        else

            ! for higher data_count than BINCOUNT

            ! recalculating gap values and probabilty for a given BINCOUNT (100)        



            nbin = BINCOUNT ! set bin number

            range = GAP_MAX - GAP_MIN ! set gap range

            

            !linear bin

            do i=0,nbin

                bin_boundaries(i) = float(i)/float(nbin) * range + GAP_MIN

            end do

            

            ! gap bin mid points

            do i=1,nbin

                bin_mids(i) = sum(bin_boundaries(i-1:i))/2.

            end do

            

            do i=0,nbin-1

                wtt=0.

                do j=1,nval

                    ! sum p values within the lower and upper wind speed (bin range)

                    if (bin_boundaries(i)<= vg_data(j).and.vg_data(j)<bin_boundaries(i+1)+2*epsilon) then

                        wtt = wtt + prob(j)

                    end if

                end do

                bin_pdf(i+1) = wtt

            end do

            

            nbinvg = nbin

            allocate(gap_pdf(2,nbin))

            gap_pdf(1,:) = bin_mids(:)

            gap_pdf(2,:) = bin_pdf(:)

        end if

        ! Normalize gap length to veg height and

        ! convert gap length probability to distance occurrance probability.

        ! The distance probability will be normalized by Distribution.

        p_gapdist(:) = gap_pdf(2,:) / gap_pdf(1,:) 

        p_gapdist(:) = p_gapdist(:) / sum(p_gapdist)

        gap_pdf(1,:) = gap_pdf(1,:) / veg_mean_height

        gap_pdf(2,:) = p_gapdist(:)



    

    End Subroutine

    

        ! vegatation gap pdf

    Subroutine compute_gapdist_by_mean(gap_meansize,veg_mean_height)

        use parm

        real, intent(in):: gap_meansize,veg_mean_height

        real:: gap_scale,scaled_mean,scaled_min,scaled_max,scale,offset,weight_total,prob

        real:: max_gap=20.0, min_gap=0.2

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(1:BINCOUNT):: bin_mids,pu_pdf

        

        allocate(gap_pdf(2,BINCOUNT))

        if (veg_mean_height<0.1) then

            gap_scale = 10.

        else

            gap_scale = 1./veg_mean_height

        end if

        

        scaled_mean = gap_meansize * gap_scale

        scaled_min = min_gap * gap_scale

        scaled_max = max_gap * gap_scale

        offset = log10(scaled_min)

        scale = log10(scaled_max) - offset

        

        do i=0,BINCOUNT

            bin_boundaries(i) = 10**(float(i)/float(BINCOUNT)*scale + offset) 

        end do

        

        bin_mids(:) = bin_boundaries(0:BINCOUNT-1)

        gap_pdf(1,:) = bin_mids(:)



        do i=1,BINCOUNT

            prob = exp(-bin_mids(i)/scaled_mean)

            pu_pdf(i) = prob

        end do

        

        weight_total = sum(pu_pdf)

        do i=1,BINCOUNT

            gap_pdf(2,i) = pu_pdf(i) / weight_total

        end do

        

    End Subroutine

       

    function plant_gap(fld_area,PP_max,PP_x,LAI_MAX,LAI_MIN,LAI_SIM,nplt)

        ! This method computes the average approximated plant gap based on plant population 

        ! and daily LAI within APEX model.

        ! This is static value computed once at the beginning of the simulation

        ! input: field_area- the area of the field or subarea (ha)

        !        PP_max- maximum plant population corresponding to the %max LAI for values above 95%

        !        PP_min- the minimum plant population corresponding to low %max LAI values..set to 0

        !                this is based on the relationship described in page 114-115 of the APEX user manual

        !        PP_x- user prescribed plant population in the APEX model.

        !        LAI_max- maximum LAI for a plant 

        !        LAI_min -minimum LAI for a plant 

        !        LAI_sim- simulated daily LAI value

        !        nplt- number of plant type growing..multi-crop condition

        ! output: gap_x- computed plant gap based on field dimension and plant population, meters 

        !         gap_xadj - adjusted plant gap that takes into account LAI development, meters



        integer, intent(in):: nplt

        real, dimension(nplt), intent(in):: pp_max, pp_x, LAI_MAX, LAI_SIM,LAI_MIN

        real, dimension(nplt):: pp_min

        real, intent(in):: fld_area

        Real:: area_m2, gap_max, pp_wt_total,lai_wt_total,plant_gap

        

        ! all field polygons are approximated to circular area

        PP_min=0.

        area_m2 = fld_area * 10000.0 ! ha to m2 conversion #

        gap_max = 2 * sqrt(area_m2 / 3.14159) 

       

        pp_wt_total=0.

        do i=1,nplt

            wtt=(PP_min(i) - PP_x(i))/(PP_min(i) - PP_max(i))

            pp_wt_total = pp_wt_total + wtt

        end do

        

        if (pp_wt_total > 1.0) then

            pp_wt_total=1.0 ! constraining PP_x for a vaialble fixed space to grow

        end if

        gap_min=0.2     ! the lowest gap threshold based on Li et al 2013  

        

        ! mean gap (m)

        gap_x= gap_max-(gap_max - gap_min)*pp_wt_total

     

        ! adjust gap based on current LAI

        lai_wt_total=0.

        do i=1,nplt

            wtt=(LAI_sim(i) - LAI_min(i))/(LAI_max(i) - LAI_min(i))

            lai_wt_total = lai_wt_total + wtt

        end do

        

        lai_wt_total=min(lai_wt_total,1.0) 

        if (lai_wt_total < 0.15) then !beginning of the growing season

            plant_gap=gap_x*(1.-exp(-4.5+lai_wt_total))

        else

            plant_gap=gap_x*(1.-exp(-2.25+lai_wt_total))

        end if

        

    end function



    Subroutine Wind_pdf_by_obsv(wind_obsv,numd)

        !This function formates wind speed pdf based on input distribution data

        !Input variables: wind_obsv: wind speed pdf data (two columns: wind speed, probability)

        !                 scale: scale value for unit conversion cm/s to m/s( depends on the unit)

        !                        scale=1.0 when u speed in m/s

        !                 UMAX: minimum wind speed (m/s)

        !                 MAX_U: maximum wind speed (m/s)

        !                 BINCOUNT: number of bins to format the wind speed pdf

        !Output variable: wind_pdf: wind speed pdf (m/s)

        use parm             

        integer, intent(in):: numd

        real, dimension(2,numd), intent(inout)::wind_obsv

        real, dimension(:,:), allocatable::data_p

        real*4, dimension(numd)::wind,prob,wind_u,prob_u

        real:: psum, vel_range, min_wind

        real, dimension(0:BINCOUNT):: bin_boundaries

        real, dimension(BINCOUNT):: bin_mids, bin_pdf

        real:: epsilon=1.e-6

        

        

        ! read input wind speed data

        wind_obsv(1,:) = wind_obsv(1,:) + epsilon   

        vel_range=min(umax, maxval(wind_obsv(1,:))- minval(wind_obsv(1,:))) ! data range

        psum=sum(wind_obsv(2,:)) ! wind speed probability summation

    

!       # wind= wind speed, prob= probablity

        ! combine wind speed and probability

        wind(:) = wind_obsv(1,:)

        prob(:) = wind_obsv(2,:)/ psum

       

        !sort wind speed pdf based on the first column (wind speed values)

        call quicksort(wind,prob,1,numd) 



        if (size(wind_obsv,2) <= 100) then

            ! if input wind speed data is less than input BINCOUNT 

            !find unique values for wind speed. bin-mid points uniquness/ multiple equal values

            

            wind_u(1) = wind(1)

            nbin = 1

            do i=2,numd

                if (wind(i)/=wind(i-1)) then

                    nbin = nbin + 1

                    wind_u(nbin) = wind(i)

                    

                end if    

            end do

        

            allocate(data_p(2,nbin))

            do i=1,nbin

                data_p(1,i) = wind_u(i)

            end do

            

            ! Aggregrate probabilities for unique wind speed values

            do i=1,nbin

                wtt=0.

                do j=1,numd

                    if (data_p(1,i)==wind(j)) then

                        wtt = wtt + prob(j)

                    end if

                end do

                data_p(2,i) = wtt

            end do

            

            allocate(wind_pdf(2,nbin))

            wind_pdf = data_p 

            

        else

            ! for higher data_count than BINCOUNT

            ! recalculating wind speed and probabilty for a given BINCOUNT (100)

            nbin = BINCOUNT

           

            ! linear bin size

            ! wind speed bin boundaries

            min_wind = minval(wind_obsv(1,:))

            do i=0,nbin

                bin_boundaries(i) =float(i) / float(nbin) * vel_range + min_wind

            end do

            ! wind speed bin mid points

            do i=1,nbin

                bin_mids(i) = sum(bin_boundaries(i-1:i)) / 2.           

            end do



            epsilon=1.e-6  

            do i=0,nbin-1

                wtt=0.

                do j=1,numd

                    ! sum p values within the lower and upper wind speed (bin range)

                    if (bin_boundaries(i)<= wind(j).and.wind(j)<bin_boundaries(i+1)+2*epsilon) then

                        wtt = wtt + prob(j)

                    end if

                end do

                bin_pdf(i+1) = wtt

            end do

            

            allocate(wind_pdf(2,nbin))

            wind_pdf(1,:) = bin_mids(:)

            wind_pdf(2,:) = bin_pdf(:)

            

        endif

    End Subroutine



    Subroutine wind_rayleigh_pdf(u_mean,k)

        !this function takes average wind speed, and gamma prameter

        !to produce wind speed gamma distribution

        USE parm

        real, intent(in):: u_mean

        integer i,nn,i1,i2,k

        real:: u,usq,p50,base,sc

        real:: cdf(5000),u_bin(5000),bin_boundaries(0:100),bin_mids(0:99),aaa(5000)

        

        !gamma function

        call simple_weibull(umin, umax, u_bin,u_mean, cdf,k)

       

         aaa(:) = abs(cdf(:)-0.5)

         i1 = minloc(aaa,1)

         p50 = u_bin(i1)  ! 50th percentile

        

        base = (umax/p50 - 1.)**(2./BINCOUNT)

        sc = (umax-umin) / (base**BINCOUNT -1.)

        

        do i=0,BINCOUNT

            bin_boundaries(i) = umin + (base**i -1.) * sc

        end do                       

        do i=1,BINCOUNT

            bin_mids(i-1) = sum(bin_boundaries(i-1:i)) / 2.

        end do

        do i=0,BINCOUNT-1

            aaa(:) = abs(u_bin(:) - bin_boundaries(i+1))

            i1 = minloc(aaa,1)

            aaa(:) = abs(u_bin(:) - bin_boundaries(i))

            i2 = minloc(aaa,1)

            wind_pdf(1,i+1) = bin_mids(i)

            wind_pdf(2,i+1) = cdf(i1) - cdf(i2)

        end do

        

        weight_total=sum(wind_pdf(2,:))

        wind_pdf(2,:) = wind_pdf(2,:) / weight_total

        

    End subroutine    

    Subroutine wind_gamma_pdf(alpha, loc, scale)

        !this function takes average wind speed, and gamma prameter

        !to produce wind speed gamma distribution

        USE parm

        real, intent(in):: alpha, loc, scale

        integer i,nn,i1,i2

        real:: u,usq,p50,base,sc

        real:: cdf(5000),u_bin(5000),bin_boundaries(0:100),bin_mids(0:99),aaa(5000)

        

        !gamma function

        call simple_gamma(umin, umax, u_bin, cdf, alpha, loc, scale)

       

         aaa(:) = abs(cdf(:)-0.5)

         i1 = minloc(aaa,1)

         p50 = u_bin(i1)  ! 50th percentile

        

        base = (umax/p50 - 1.)**(2./BINCOUNT)

        sc = (umax-umin) / (base**BINCOUNT -1.)

        

        do i=0,BINCOUNT

            bin_boundaries(i) = umin + (base**i -1.) * sc

        end do

                                   

        do i=1,BINCOUNT

            bin_mids(i-1) = sum(bin_boundaries(i-1:i)) / 2.

        end do

        

        do i=0,BINCOUNT-1

            aaa(:) = abs(u_bin(:) - bin_boundaries(i+1))

            i1 = minloc(aaa,1)

            aaa(:) = abs(u_bin(:) - bin_boundaries(i))

            i2 = minloc(aaa,1)

            wind_pdf(1,i+1) = bin_mids(i)

            wind_pdf(2,i+1) = cdf(i1) - cdf(i2)

        end do

        

        weight_total=sum(wind_pdf(2,:))

        wind_pdf(2,:) = wind_pdf(2,:) / weight_total

            

    End subroutine    



    Subroutine simple_gamma(minval,maxval,x,cdf,alpha,a,beta)

        real, intent(in):: minval,maxval,alpha,a,beta

        real, intent(out):: x(5000),cdf(5000)

        real:: pdf(5000)

        

        cdf = 0.

        do i=1,5000

            x(i) = minval + (maxval-minval) * i / 5000.

            pdf(i) = (x(i)-a)**(alpha-1.)*exp((a-x(i))/beta)

        end do



        sumval = sum(pdf(:))

        pdf(1) = pdf(1) / sumval

        cdf(1)=pdf(1)

        do i=2,5000

            pdf(i) = pdf(i) / sumval

            cdf(i) = cdf(i-1) + pdf(i)

        end do

        

    End subroutine

    

    Subroutine simple_weibull(minval,maxval,x,umean,cdf,k)

        real, intent(in):: minval,maxval,umean

        integer, intent(in):: k

        real, intent(out):: x(5000),cdf(5000)

        real:: pdf(5000)

        real::c

        

        cdf = 0.

        do i=1,5000

            x(i) = minval + (maxval-minval) * i / 5000.

            c = 2*umean/3.14159 !pi 

            pdf(i) = (k/c)*(x(i)/c)**(k-1)*exp(-(x(i)/c)**k)

        end do

        sumval = sum(pdf(:))

        pdf(1) = pdf(1) / sumval

        cdf(1)=pdf(1)

        do i=2,5000

            pdf(i) = pdf(i) / sumval

            cdf(i) = cdf(i-1) + pdf(i)

        end do

        

    End subroutine

    

    ! vertical sediment flux

    Subroutine Vflux_Shao_11()

        !This function computes vertical sediment flux as function of soil psd, shear velocity , horizontal sedment flux and threshold friction velocity

        use parm

        real(kind=8):: GRAVITY_ACCEL,SHAO_DUST_BINS,PSD_DUST_CUTOFF,RHO_BULK,rys,a1,a3,a2,sigma_m,ghl,zeta1,ustar_t_min

        real(kind=8):: dpsdf(PSD_BINCOUNT),psdm(PSD_BINCOUNT),psdf(PSD_BINCOUNT),wtd_hflux(PSD_BINCOUNT),ind_l(10),ind_h(10)

        real(kind=8), dimension(:,:), allocatable:: fmatrix,ustar_dp

        real(kind=8), dimension(:), allocatable:: vflux_psd

        integer:: ndata,n_psd,i_dust_cutoff,nval

        

        i_dust_cutoff = 0

        nval = size(ustar_okin_pdf,1)

        

        !Input variable: 

        GRAVITY_ACCEL = 9.81 ! m2/s accelaration due to gravity

        !SHAO_11_CY = 0.000057 ! constant

        SHAO_DUST_BINS = 10 ! dust bin count

        !PLASTP = 20250.  ! Pa Soil plastc pressure 

        PSD_DUST_CUTOFF = 20 !microns dust emission cutoff particle diameter 

        RHO_BULK = 1000. !kg/m3 bulk density

    

        !length of psd values lower that the dust emission cutoff

        do i=1,PSD_BINCOUNT

            if (psd_m(i,1)<=PSD_DUST_CUTOFF) i_dust_cutoff = i_dust_cutoff + 1  ! idst

        end do

        

        n_psd = PSD_BINCOUNT ! soil psd bin count =imax

        allocate(fmatrix(n_psd,n_psd),vflux_psd(n_psd),vflux_pdf(n_psd,3))

        fmatrix = 0.  ! imax x imax matrix



        ! psd values for soil

        ! note the column numbers of the array/matrix

        dpsdf = psd_f(:,3) ! fully

        psdm = psd_m(:,2) ! minimally

        psdf = psd_f(:,2) !fully

        ustar_t_min = minval(ustart_pdf(:,2))

        !note dont use hflux_pdf(:,1) below

        wtd_hflux(:) = hflux_pdf(:,2) * hflux_pdf(:,3)   ! weighted horizontal flux values 

        ustar_dp = ustar_okin_pdf ! wind shear velocity input

        zeta1 = sqrt(RHO_BULK / PLASTP) ! equation 13 in report

        do i = 1,nval 

            if (ustar_dp(i,1) <= ustar_t_min) cycle

            ghl = exp(-KAPPA * (ustar_dp(i,1) - ustar_t_min)**3) ! equation 14

                ! equation 11

            sigma_m = (12. * (ustar_dp(i,1) * zeta1) ** 2) * (1. + 14. * (ustar_dp(i,1) * zeta1))

            ! pre multiply constant factors

            a2 = (1. + sigma_m) * SHAO_11_CY * GRAVITY_ACCEL

        

            do i_sand = i_dust_cutoff, n_psd-1

                do j_dust = 1, i_dust_cutoff

                    ! equiation 12

                    a1 = dpsdf(j_dust) * ((1. - ghl) + ghl * psdm(j_dust) / psdf(j_dust))

                    

                    a3 = wtd_hflux(i_sand+1) / (ustar_dp(i,1) * ustar_dp(i,1))

                    ! assig value to each matrix entry

                    fmatrix(i_sand+1,j_dust) = fmatrix(i_sand+1,j_dust) + a1 * a2 * a3 * ustar_dp(i,2)

                end do

            end do

        end do

        

        vflux_total = 0.

        do i_sand = i_dust_cutoff, n_psd

            vflux_total = vflux_total + sum(fmatrix(i_sand,:))

        end do

        vflux_total = vflux_total * 1000. *86400. !g/m2/day

        ! produce a psd corresponding to vertical flux

        do i = 1, n_psd

            vflux_psd(i) = sum(fmatrix(:,i))

        end do

        !write(073120191,'(ES10.3)')fmatrix(:,1)

        vflux_pdf(:,1) = psd_m(:,1)

        vflux_pdf(:,2) = vflux_psd(:)

        vflux_pdf(:,3) = 1.

        ! produce a lower resolution dust distribution array

            ! CONSTANTS

        ! ind_l corresponding to size 0.1 0.3 0.5 0.7 1 2 3 5 7 10

        ind_l = (/1, 25, 36, 43, 51, 66, 75, 86, 93, 101/)

        ! ind_h corresponding to size 0.3 0.5 0.7 1 2 3 5 7 10 20

        ind_h = (/24, 35, 42, 50, 65, 74, 85, 92, 100, 116/) 

        do k_bin = 1, SHAO_DUST_BINS

            do j_dust = ind_l(k_bin), ind_h(k_bin)

                do i_sand = i_dust_cutoff+1, n_psd

                    vflux_pdf(k_bin,1) = vflux_pdf(k_bin,1) + fmatrix(i_sand,j_dust)

                end do

            end do

        end do

    End Subroutine



    ! Horizontal sediment flux

    Subroutine horizontal_flux()

        !This function computes the horizontal sediment flux

        !Input variables: ustar:wind shear velocity pdf (m/s)

        !                 ustart: threshold fricition velocity (m/s)

        !                 soil_psd_max: soil psd parameters for fully dispersed

        !Output variable: hflux_pdf: size resolved horizontal sediment (kg/m/s)

        !                 hflux_total:total horizontal sediment flux (kg/m/s)

        use parm

        

        real:: RHO_AIR,GRAVITY_ACCEL,bare_soil_fraction,hflux_factor,hflux,term1

        real:: ustar_t_dp(PSD_BINCOUNT,2),h_flux(PSD_BINCOUNT)

        real, dimension(:,:),allocatable:: ustar_dp

        integer:: nval

    

        h_flux = 0.;hflux_total=0.

        nval = size(ustar_okin_pdf,1)

        allocate(ustar_dp(nval,2))

        

        RHO_AIR = 1.23  ! kg/m3 density of air

        GRAVITY_ACCEL = 9.81  ! m2/s accelration due to gravity

        bare_soil_fraction=1.0 -veg_cover_fraction! 

        ! Refer equation 9 from the report.

        hflux_factor = okin_A *RHO_AIR / GRAVITY_ACCEL * bare_soil_fraction

    

        ustar_dp = ustar_okin_pdf ! wind shear velocity

        ustar_t_dp(:,:) = ustart_pdf(:,2:3)

        ! non zero horizontal sediment flux values when ustar >ustar_t only

        do i=1,PSD_BINCOUNT                                                    

            hflux = 0.

            do j=1,nval

                if (ustar_dp(j,1) < ustar_t_dp(i,1)) then

                    term1=0.

                else

                    term1= ustar_dp(j,1)**3*(ustar_dp(j,1) - ustar_t_dp(i,1))*ustar_dp(j,2)

                end if

                hflux = hflux + term1

            end do

        

            hflux = hflux * hflux_factor

            h_flux(i) = hflux

        end do

        hflux_pdf(:,1) = psd_f(:,1)

        hflux_pdf(:,2) = h_flux(:)

        hflux_pdf(:,3) = ustar_t_dp(:,2) ! size resolved horizontal sediment flux matrix (200*3)

        

        do i=1,PSD_BINCOUNT

            hflux_total = hflux_total + hflux_pdf(i,2) * hflux_pdf(i,3)  ! total horizontal sediment flux=bluk sediment flux kg/m/s

        end do

        hflux_total = hflux_total * 1000. *86400. !g/m/day

    end subroutine

 

    ! Threshold friction velocity

    Subroutine ustart(soil_psd_min,soil_psd_max,soil_moisture_mass_fraction,soil_clay_fraction)

        !This function compute threshold friction velocity based on Iversen and White (1982)

        !Input variables: soil particle size distribution parameters for:

        !                 minimally (soil_psd_min) and fully (soil_psd_max) dispersed soil

        !                 soil_moisture_mass_fraction: soil water content of the soil (-)

        !                 soil_clay_fraction: soil clay fraction 

        !                 veg_cover_frcation: vegetation cover fraction (-)

        !                 ustar_pdf: wind shear velocity pdf

        !Output variables: particle size resolved threshold friction velocity (m/s)

        use parm

        real(kind=8), intent(in):: soil_psd_min(PSD_BINCOUNT,4),soil_psd_max(PSD_BINCOUNT,4),soil_moisture_mass_fraction,soil_clay_fraction

        real:: w,clay_pct,w_prime,ustar_t_moisture_modifier,ustar_t_dry

        real::ustar_t_p(PSD_BINCOUNT),ustar_t_d(PSD_BINCOUNT),dpsd_mix(PSD_BINCOUNT,3)

        real, dimension(:,:), allocatable:: ustar_dp

        real, dimension(PSD_BINCOUNT):: aaa

        integer:: nd1

        

        ustar_t_p = 0

        ! moisture modifier computation Fecan 1999

        w = soil_moisture_mass_fraction * 100.

        ! add waring message for above 1.0 moisture fraction

        if (w > 100.0) print *, "soil moisture fraction > 1.0"



        clay_pct = soil_clay_fraction * 100. ! clay fraction percentage

        w_prime = (0.0014*clay_pct*clay_pct + 0.17*clay_pct)

        if (w<w_prime) then

            ustar_t_moisture_modifier = 1. ! no soil moisture effect= dry

        else

            ustar_t_moisture_modifier = (1. + 1.21*(w-w_prime)**0.68)**0.5

        endif

        

        ustar_t_drag_modifier=1.  ! vegetation effect modifier



        !threshold friction velocity

        do i=1,PSD_BINCOUNT

            call ustart_by_dia(soil_psd_min(i,1),ustar_t_dry)

            ustar_t_d(i) = ustar_t_moisture_modifier * ustar_t_drag_modifier * ustar_t_dry

        end do 

        ustar_t_min = minval(ustar_t_d) ! minimum value

        nd1 = size(ustar_okin_pdf,1)

        allocate(ustar_dp(nd1,2))

        ustar_dp = ustar_okin_pdf ! wind shear velocity pdf

        !compute the probability for threshold friction velocity 

        do i=1,nd1

            if (ustar_dp(i,1) < ustar_t_min) cycle

            ghl = exp( -0.5*(ustar_dp(i,1) - ustar_t_min)**3. )

        

            dpsd_mix(:,1) = ghl * soil_psd_min(:,2) + (1.-ghl) * soil_psd_max(:,2)   ! 2nd column of the input data

            dpsd_mix(:,2) = ghl * soil_psd_min(:,3) + (1.-ghl) * soil_psd_max(:,3)   ! 3rd column 

            dpsd_mix(:,3) = ghl * soil_psd_min(:,4) + (1.-ghl) * soil_psd_max(:,4)   ! 4th column

    

            do j=1,PSD_BINCOUNT

                ustar_t_p(j) = ustar_t_p(j) + dpsd_mix(j,2) * ustar_dp(i,2)  

            end do

        end do

        ! renormalize

        psum = sum(ustar_t_p) ! summation 



        if (psum > 0.) then

            ustar_t_p(:) = ustar_t_p(:) / psum

        endif

    

        ! threshold friction velocity pdf (dia, ustar_t and probability matrix)

        ustart_pdf(:,1) = soil_psd_max(:,1)

        ustart_pdf(:,2) = ustar_t_d(:)

        ustart_pdf(:,3) = ustar_t_p(:)

        

        ! dia_min= 50#Iverson and White 1982  37micron m

        !ustart_min = minval(ustart_pdf(:,2))

        !aaa(:) = abs(ustart_pdf(:,2)- ustart_min)

        !index = minloc(aaa,1)

        !ustart_min_p = ustart_pdf(index,3)

        !do i=1,index

        !    ustart_pdf(i,2) = ustart_min

        !    ustart_pdf(i,3) = ustart_min_p

        !end do



    End subroutine    

 

    !Ustart as a function of particle size only

    Subroutine ustart_by_dia(dia,ustar_t_dry)

        !This function computes ustart as a function of particle size only

        !Input variable: dia: particle size (micron meter)

        !Output variable: thershold friction velocity for dry condition

        real(kind=8), intent(in)::dia

        real, intent(out)::ustar_t_dry

        real::RHO_GRAIN,GRAVITY_ACCEL,RHO_AIR,IVERSEN_WHITE_82_COHES_FORCE,IVERSEN_WHITE_82_AN,dm,term1,term2

        

        RHO_GRAIN = 2650. !kg/m3 particle density

        GRAVITY_ACCEL = 9.81 !m2/s  accelaration due to gravity

        RHO_AIR = 1.23 !kg/m3 air density

        IVERSEN_WHITE_82_COHES_FORCE = 1.65e-4 ! constant

        IVERSEN_WHITE_82_AN = 0.0123 ! constant

        dm = dia * 1e-6  ! microns to meters

        ! refer to euation 3

        term1 = RHO_GRAIN * GRAVITY_ACCEL * dm / RHO_AIR

        term2 = IVERSEN_WHITE_82_COHES_FORCE / (RHO_AIR * dm)

        ustar_t_dry = sqrt(IVERSEN_WHITE_82_AN * (term1 + term2))

    

    End subroutine



    Subroutine get_nearest_soil_type(soil_type,soil_names,input_data_soil,ndat,sand,silt, clay) 

        !This finds the nearest soil type based on soil fraction input and psd

        !Input variables:input_data_soil: soil psd parameters database

        !                sand,silt,clay: fraction soil texture

        !Output: soil type

        integer, intent(in):: ndat

        character(len=20),dimension(ndat),intent(in):: soil_names

        real,dimension(ndat,24),intent(in):: input_data_soil

        real, intent(in):: sand, silt, clay

        character(len=20),intent(out):: soil_type

        real,dimension(3,4)::soil_parm

        real:: dist



        dist = 1e10

        !iterate through the soil parameter database

        !first column should be soil names (string) and the rest numeric parameter values

        do i=1,ndat

            ! extract parameters psd parameters for fully dispersed soil

            soil_parm(:,1) = input_data_soil(i,13:15)

            soil_parm(:,2) = input_data_soil(i,16:18)

            soil_parm(:,3) = input_data_soil(i,19:21)

            soil_parm(:,4) = input_data_soil(i,22:24)



            ! get psd by soil type

            call soil_psd_by_soilparm(soil_parm)   

    !    

            ! compute soil texture fractions( sand, silt and clay)

            call get_sand_silt_clay(fsand,fsilt,fclay) 

            d = (fsand-sand)**2 + (fsilt-silt)**2 + (fclay-clay)**2 ! compute the distance from the input frcations

    !        ! get the nearest soil to the input fractions 

    !        print d

            if (d<dist) then

                dist = d

                soil_type = soil_names(i)

            end if

        end do

    end subroutine   



    !Compute the sand, silt and clay content of a soil

    Subroutine get_sand_silt_clay(fsand,fsilt,fclay)

        !This function computes the sand, silt and clay content of a soil based on soil psd

        !Input variables: soil_psd: soil particle size distribution for a specific soil

        !               PSD_BINCOUNT: soil particle size distribution bin number

        !Output variable: soil sand, silt and clay fractions 

        use parm

        real, intent(out):: fsand, fsilt, fclay

        real:: isand,isilt,iclay

        isand=0.;isilt=0.;iclay=0.

        

        do i=1,PSD_BINCOUNT

            d = soil_psd(i,1) ! particle size (dia), first column

            !fractions computation

            if (d<2.) then

                iclay = iclay + soil_psd(i,3)

            elseif (d<=50. .and. d>=2.0) then

                isilt = isilt + soil_psd(i,3)

            else

                isand = isand + soil_psd(i,3)

            end if

        end do

    

        sums = isand + isilt + iclay

        if (sums<=0.) print *, "Soil type has invalid psd"

        fsand = isand/sums

        fsilt = isilt/sums

        fclay = iclay/sums 

    End subroutine 

    

    !Computes the soil particle size distribution for a give soil

    Subroutine soil_psd_by_soilparm(soil_parm)

        !This function computes the soil particle size distribution for a give soil

        !lognormal distribution parameter (see on Shao 2004 page 2 )

        !Input variables: soil_parm: soil psd parameters from database for a specified soil type

        !                           lognormal distribution parameters wtt, dln and sig

        !                 PSD_BINCOUNT: soil particle size distribution bin number

        !                 PSD_MAX: maximum particle size (micron meter)

        !                 PSD_MIN: minimum particle size (micron meter)

        !Output variable: soil particle size distribution (psd)

        use parm

        real,dimension(3,4),intent(in)::soil_parm

        integer:: i,i_bin

        real:: offset,scale,EPSILON,ptotal,ccn,pp,p,PSD_MIN,PSD_MAX

        real, dimension(:), allocatable:: bin_boundaries,dia,dmid,psd,dpsd,ppsd

       

        PSD_MIN=.1; PSD_MAX=1000.

        allocate(bin_boundaries(PSD_BINCOUNT+1),dia(PSD_BINCOUNT+1),dmid(PSD_BINCOUNT))

        allocate(psd(PSD_BINCOUNT),dpsd(PSD_BINCOUNT),ppsd(PSD_BINCOUNT))

        psd=0; dpsd=0; ppsd=0

        offset = log10(PSD_MIN)

        scale = log10(PSD_MAX) - offset

        !particle size bin boundaries

        do i=1, PSD_BINCOUNT+1

            bin_boundaries(i) = 10**((i-1)/float(PSD_BINCOUNT)*scale + offset) 

        end do

        dia = bin_boundaries

    

        ! bin mind points

        do i=1, PSD_BINCOUNT

            dmid(i) = exp((log(dia(i+1)) + log(dia(i)))/2.) 

        end do

    

        ptotal = 0.

        EPSILON = 1e-7 ! constant

        ccn = 1. / sqrt(2.*3.14159) ! constant

        do i_bin=1,PSD_BINCOUNT

            pp = 0.

            do i=1,4

                wtt=soil_parm(1,i)

                dln=soil_parm(2,i) 

                sig=soil_parm(3,i)

            

                if (wtt>EPSILON .and. sig/=0.) then

                    p = wtt * ccn / sig * exp(-(log(dmid(i_bin))-dln)**2/(2.*sig**2))

                else

                    p=0.

                endif

                pp = pp + p

            end do

                

            psd(i_bin) = pp / dmid(i_bin)  ! p(d), particle size distribution density

            dpsd(i_bin) = pp * (log(dia(i_bin+1)) - log(dia(i_bin)))

            ptotal = ptotal + dpsd(i_bin)

            ppsd(i_bin) = ptotal

        end do

    

        ! renormalisation, in case ppsd(nbins) is not 1

        psd  = psd / ptotal  ! psd pdf value at bin midpoint divided by bin midpoint value.

        dpsd = dpsd / ptotal !dpsd  probability distribution function

        ppsd = ppsd / ptotal ! ppsd  cumulative distribution function

        

        ! soil_psd 200*3 matrix output

        soil_psd(:,1) = dmid(:)

        soil_psd(:,2) = psd(:)

        soil_psd(:,3) = dpsd(:)

        soil_psd(:,4) = ppsd(:)

    End subroutine

     

    !compute shear velocity based on drag partitioning

    Subroutine compute_ustar_okin()

        !This function computes shear velocity based on drag partitioning formulation

        !in okin (2008)

        !Input variables: wind_pdf: wind speed pdf (m/s) ! two column matrix (u,p)

        !                 gap_pdf:vegetation gap distribution (m/m) ! two column matrix(gap,p)

        !             

        !Output variable: ustar_pdf: shear velocity pdf (m/s)

        use parm

        real(kind=8):: VON_KARMAN_K,wind_height,epsilon,buf(2)

        real(kind=8), dimension(nbinw):: u_at_height,ustar,p_ustar_

        real(kind=8), dimension(nbinw,2):: ustar_wall_pdf

        real(kind=8), dimension(nbinvg):: dist_ssr

        real(kind=8), dimension(nbinvg,2):: dist_ssr_pdf

        real(kind=8), dimension(nbinw*nbinvg)::ustar_od,ustar_op,p_ustar,bin_md

        real(kind=8), dimension(nbinw*nbinvg+1)::bin_bd

        real(kind=8), dimension(nbinw*nbinvg,2)::ustar_o

        real(kind=8), dimension(:), allocatable:: bin_mid,bin_boundaries,bin_pdf

        integer:: nval

       

        ndata = nbinw*nbinvg

        VON_KARMAN_K= 0.4 ! von Karman constant

        !z0 = 0.00077 ! aerodynamics roughness height 

        wind_height=10.0 ! wind speed measurement height! it should be changed if other than 10

        ! wind speed mid-bins

        u_at_height(:) = wind_pdf(1,:) ! wind speed values! first column of the input wind _pdf

        a = log(wind_height/lwe_z0)

    

        ustar(:) = u_at_height(:) * VON_KARMAN_K / a ! wind shear velocity without vegetation

        p_ustar_(:) = wind_pdf(2,:) ! probability of wind speed values ! second column of the input wind_pdf

        !print*, ustar, p_ustar

        

    

        ustar_wall_pdf(:,1)=ustar(:)

        ustar_wall_pdf(:,2)=p_ustar_(:)

        !okin_ssr0=0.32 ! constant

        !okin_efold=5.6 !! constant

        !epsilon = 1e-8 !! constant

        

        ! the right side of equation 1 from the report

        do i=1,nbinvg

            dist_ssr(i) = okin_ssr0 + (1. - okin_ssr0) * (1. - exp(-gap_pdf(1,i) / okin_efold))  ! array values with size equal to gap_pdf

        end do

        

        !dist_ssr and gap probability combined

        dist_ssr_pdf(:,1)=dist_ssr(:)

        dist_ssr_pdf(:,2)=gap_pdf(2,:)

        !print*, dist_ssr_pdf(1:20,:)

    

        !cross product of dist_ssr_pdf and ustar without summing 

        k=0

        do i=1,nbinw

            do j=1,nbinvg

                k = k + 1

                ustar_od(k) = ustar_wall_pdf(i,1) * dist_ssr_pdf(j,1)

                ustar_op(k) = ustar_wall_pdf(i,2) * dist_ssr_pdf(j,2)

            end do

        end do

        ustar_o(:,1)=ustar_od(:) ! convert for numpy array format

        ustar_o(:,2)=ustar_op(:) ! convert for numpy array format

        !sort to increasing order by shear velocity values

        do irow = 1, ndata

            krow = minloc(ustar_o(irow:ndata, 1), dim=1) + irow - 1

            buf(:) = ustar_o(irow,:)

            ustar_o(irow,:) = ustar_o(krow,:)

            ustar_o(krow,:) = buf(:)

        end do

    !    

        ! wind shear velocity pdf

        epsilon = 1e-4 

        ! ustar_okin_pdf=np.column_stack((ustar_o_sort[:,0],_p_ustar))

        nval=0

        j=1

        bin_bdu = 0.

        do i=1,ndata

            if (i==1) then

                bin_md(j) = ustar_o(i,1)

                bin_bd(j) = ustar_o(i,1) - 2*epsilon

                bin_bd(j+1) = ustar_o(i,1) + 2*epsilon

                j = j + 1

            endif

            

            if (ustar_o(i,1)<bin_bd(j)) then

                cycle            

            end if

           

            bin_md(j) = ustar_o(i,1)

            bin_bd(j+1) = ustar_o(i,1) + 2*epsilon

           

            j = j + 1

        end do

        nval = j - 1

        allocate(bin_mid(nval),bin_boundaries(nval+1),bin_pdf(nval),ustar_okin_pdf(nval,2))

        bin_mid(:) = bin_md(1:nval)

        bin_boundaries(:) = bin_bd(1:nval+1)

      

        do i=1,nval

            wtt=0.

            do j=1,ndata

                if (bin_boundaries(i)<ustar_o(j,1).and.ustar_o(j,1)<=bin_boundaries(i+1)) then

                    wtt = wtt + ustar_o(j,2)

                end if

            end do

            bin_pdf(i) = wtt

        end do

        psum = sum(bin_pdf)

        bin_pdf(:) = bin_pdf(:) / psum

      

        do i=1,nval

            bin_pdf(i) = 10**pdf_factor * bin_pdf(i)

        end do

        

        ! wind shear velocity pdf

        ustar_okin_pdf(:,1)=bin_mid(:)

        ustar_okin_pdf(:,2)=bin_pdf(:)

        

    

    end subroutine

 

    recursive subroutine quicksort(a, b, first, last)

      implicit none

      real*4,dimension(last),intent(inout):: a, b

      real*4:: x, t

      integer first, last

      integer i, j

    

      x = a( (first+last) / 2 )

      i = first

      j = last

      do

         do while (a(i) < x)

            i=i+1

         end do

         do while (x < a(j))

            j=j-1

         end do

         if (i >= j) exit

         t = a(i);  a(i) = a(j);  a(j) = t; b(i) = b(j)

         i=i+1

         j=j-1

      end do

      if (first < i-1) call quicksort(a, b, first, i-1)

      if (j+1 < last)  call quicksort(a, b, j+1, last)

      end subroutine quicksort

    !

    end module








src/EWIK.f90

      SUBROUTINE EWIK

!     THIS SUBPROGRAM ESTIMATES THE SOIL ERODIBILITY FACTOR FOR THE WIND

!     EROSION EQ.

      USE PARM

      LD1=LID(1,ISA)

      IF(SAN(LD1,ISA)>85.+.5*CLA(LD1,ISA))THEN

          WK=1.

          RETURN

      END IF

      IF(SAN(LD1,ISA)>70.+CLA(LD1,ISA))THEN

          WK=.43

          RETURN

      END IF

      IF(SIL(LD1,ISA)>80..AND.CLA(LD1,ISA)<12.)THEN

          WK=.12

          RETURN

      END IF

      IF(CAC(LD1,ISA)>0.)THEN

          IF(SAN(LD1,ISA)<45..OR.CLA(LD1,ISA)<20..OR.SIL(LD1,ISA)>28.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF  

      IF(CLA(LD1,ISA)<7.)THEN

          IF(SIL(LD1,ISA)<50.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<20.)THEN

          IF(SAN(LD1,ISA)>52.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<27.)THEN

          IF(SIL(LD1,ISA)<28.)THEN

              WK=.18

              RETURN

          ELSE

              WK=.16

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<35..AND.SAN(LD1,ISA)<20.)THEN

          WK=.12

          RETURN

      END IF

      IF(CLA(LD1,ISA)<35.)THEN

          IF(SAN(LD1,ISA)<45.)THEN        

              WK=.16

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(SAN(LD1,ISA)>45.)THEN

          WK=.18

          RETURN

      ELSE

          WK=.16 !Susan to improve wind erosion, 2020

          RETURN

      END IF

      RETURN

      END






src/EWNINT.f90

      SUBROUTINE EWNINT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY POTENTIAL WIND EROSION FOR A BARE

!     SOIL BY INTEGRATING EROSION RATES WITH TIME GIVEN THE WIND SPEED

!     DISTRIBUTION

      USE PARM

      WW=ATRI(.1,.35,.6,9)

      SUM=.6424*WW**(-.1508)*EXP(.4336*WW)

      DU10=USTRT/.0408

      Y1=DU10/U10(IRF(ISA))

      X1=EXP(-Y1**(1./WW))

      X11=X1

      DX=.1

      YW(IDO)=0.

      Z1=0.

      DO WHILE(DX>1.E-4)

          X2=X1-DX

          IF(X2>0.)THEN

              Y2=(-LOG(X2))**WW

              Z2=EROWN(Y2)

              XY=(Y1+Y2)*DX

              XZ=(Z2+Z1)*DX

              YW(IDO)=YW(IDO)+XZ

              X1=X2

              Y1=Y2

              Z1=Z2

              IF(XY<.1)CYCLE

          END IF

          DX=DX*.5

      END DO

      YW(IDO)=.5*YW(IDO)*X11/SUM

      RETURN

      END






src/EYCC.f90

      SUBROUTINE EYCC(ISX)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE USLE C FACTOR BASED ON PLANT POP &

!     BIOMASS & RESIDUE COVER

      USE PARM

      NN=NCP(IRO(ISX),ISX)

      SUM=0.

      TOT=0.

      DO I=1,NBSL(ISX)

          L=LID(I,ISX)

          IF(Z(L,ISX)>PMX(ISX))GO TO 3

          IF(I>1)TOT=TOT+RSD(L,ISX)

          DO K=1,NN

              SUM=SUM+RWT(L,JE(K,ISX),ISX)

          END DO

      END DO

      GO TO 4

    3 KK=LID(I-1,ISX)

      RTO=(PMX(ISX)-Z(KK,ISX))/(Z(L,ISX)-Z(KK,ISX))

      TOT=TOT+RTO*RSD(L,ISX)

      DO K=1,NN

          SUM=SUM+RTO*RWT(L,JE(K,ISX),ISX)

      END DO

    4 SUM=SUM/PMX(ISX)

      TOT=TOT/(PMX(ISX)-.01)

      FRUF=MIN(1.,EXP(-.026*(RRUF(ISX)-6.1)))

      IF(CVRS(ISX)<15.)THEN

          FRSD=EXP(-PRMT(46)*CVRS(ISX))

      ELSE

          FRSD=.0001

      END IF    

      X1=MAX(FGC(ISX),FGSL(ISX))

      FBIO=1.-X1*EXP(-PRMT(47)*CHMX(ISX))

      IF(IRP(ISX)>0)THEN

          FPPL=.9*(1.-CVP(ISX))+.1

      ELSE

          FPPL=1.

      END IF

      CVF(ISX)=FRSD*FBIO*FRUF*FPPL

      CVF(ISX)=CVF(ISX)*EXP(-.03*ROK(LID(1,ISX),ISX))

      RETURN

      END






src/EYSED.f90

      SUBROUTINE EYSED(JRT)

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY SOIL LOSS CAUSED BY WATER EROSION

!     AND ESTIMATES THE NUTRIENT ENRICHMENT RATIO.

      USE PARM

      JRT=0

      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      CALL EYCC(ISA)

      IF(ISLF>0)THEN

          XX=CVF(ISA)*USL(ISA)

      ELSE

          XX=CVF(ISA)*RSLK(ISA)

      END IF

      QMM=.1*QVOL(IDO)/WSAX

      YLM=QMM

      IF(RFV(IRF(ISA))>12.7)THEN

          ! USLE

          YSD(2,IDO)=MIN(YLM,EI*XX*1.292)*WSAX

          SMM(25,MO,ISA)=SMM(25,MO,ISA)+CVF(ISA)*EI

          SMM(24,MO,ISA)=SMM(24,MO,ISA)+EI

          VAR(24,ISA)=EI

          X1=EI*CVF(ISA)

          RXM=BETA/(1.+BETA)

	      RLFX=UPSX(ISA)**RXM

	      YI=MIN(YLM,.5*X1*RSK(ISA))

          YSSK=1.5*X1*RLFX*RSK(ISA)

	      SUM=PSZX(1)*SAN(LD1,ISA)

	      SUM=SUM+PSZX(2)*SIL(LD1,ISA)

	      SUM=SUM+PSZX(3)*CLA(LD1,ISA)

	      SUM=.01*PRMT(65)*SUM/(QPR(IDO)+1.E-5)

	      T2=PRMT(66)*QPR(IDO)*STP(ISA)

          ! RULSE2

	      IF(T2>YI)THEN

	          YSD(1,IDO)=YSSK

	      ELSE

	          YSD(1,IDO)=MAX(0.,YI+SUM*(T2-YI))

	      END IF

	      YSD(1,IDO)=MIN(YLM,YSD(1,IDO))*WSAX

          IF(QMM>0.)CALL ERHEM

      END IF

      IF(QMM<1.)THEN

          JRT=1

          RETURN

      END IF

      REPC=REP*(QMM/(RFV(IRF(ISA))+.1))**.1

      QQ=QMM*RQRB(IDO)

      X3=1.+WSAX

      ! MUSS

      YSD(3,IDO)=MIN(YLM,.79*X3**.009*QQ**.65*XX)*WSAX

      X1=SQRT(QQ)

      ! MUST

      YSD(5,IDO)=MIN(YLM,PRMT(33)*X1*XX)*WSAX

      CX(MO,ISA)=CX(MO,ISA)+1.

      ! MUSL

      YSD(4,IDO)=MIN(YLM,1.586*X3**.12*QQ**.56*XX)*WSAX

      LD1=LID(1,ISA)      

      IF(RSDM(LD1,ISA)>0.)THEN

          X2=PRMT(71)*AGPM(ISA)

          IF(X2<10.)THEN

              X2=EXP(-X2)

          ELSE

              X2=.00005

          END IF

          YMNU(IDO)=MIN(.9*RSDM(LD1,ISA),PRMT(62)*X1*X2*SLF(ISA)*&

          PEC(ISA)*RSDM(LD1,ISA)**PRMT(68))

          YMNU(IDO)=MAX(0.,YMNU(IDO))*WSAX

          IF(IDFH(ISA)>0)SYMU=SYMU+YMNU(IDO)

      END IF

      IF(URBF(ISA)>0.)THEN

          DO I=1,6

              YSD(I,IDO)=YSD(I,IDO)*(1.-URBF(ISA))+URBF(ISA)*QURB(IDO)*.00003

          END DO

      END IF

      IF(YSD(NDRV,IDO)>PRMT(93))SMM(144,MO,ISA)=SMM(144,MO,ISA)+1.

      DRTO=MAX(.001,MIN(.99,(RQRB(IDO)/(REPC+1.E-5))**.56))

      DRAV(IDO)=DRAV(IDO)+DRTO

      B1=LOG(DRTO)/4.47

      SUM=0.

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,ISA)

          X1=MAX(-10.,B1*PSZ(I))

          PCT(I,IDO)=MAX(.0001,PCT(I,ISA)*EXP(X1))

          SUM=SUM+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(SUM+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PCT(I,IDO)*PSZY(I)

      END DO

      CY=YSD(NDRV,IDO)/QVOL(IDO)

      IF(IERT==0)THEN

          B2=LOG10(DRTO)/2.699

          B1=1./.1**B2

          ERTO=B1*(CY+1.E-4)**B2

          ERTP=ERTO

      ELSE

          ERTO=PRMT(54)/(CY+1.E-4)**PRMT(55)

          ERTP=PRMT(57)/(CY+1.E-4)**PRMT(58)

      END IF

      RETURN

      END






src/GASDF3.f90

      SUBROUTINE GASDF3

      ! APEX1501

      ! THIS PROGRAM SOLVES THE GAS DIFFUSION EQUATION

      USE PARM

      DIMENSION XTP1(MSL,MSA),XTP2(MSL,MSA),XTP3(MSL,MSA),XTP4(MSL,MSA),&

      XTP5(MSL,MSA),XTP6(MSL,MSA),XTP7(MSL,MSA),XTP8(MSL,MSA),XTP9(MSL,MSA),&

      XTP10(MSL,MSA),XTP11(MSL,MSA),XTP12(MSL,MSA),XTP13(MSL,MSA),XTP14&

      (MSL,MSA),XTP15(MSL,MSA),XTP16(MSL,MSA),XTP17(MSL,MSA),XTP18(MSL,MSA),&

      XTP19(MSL,MSA),YTP(MSL,MSA)

      DIMENSION XTP21(MSC,MSA),XTP22(MSC,MSA),XTP23(MSC,MSA),XTP24(MSC,MSA),&

      XTP25(MSC,MSA),XTP26(MSC,MSA),XTP27(MSC,MSA),XTP30(MSC,MSA),&

      XTP31(MSC,MSA),XTP32(MSC,MSA),XTP33(MSC,MSA),XTP34(MSC,MSA),&

      XTP35(MSC,MSA),XTP36(MSC,MSA),XTP37(MSC,MSA)

      DATA GASC/0.08205783/,DCAO,DCAC,DCAN/.06132,.05556,.05148/,CUPO,CUPC,&

      CUPN/299.,.2089,.0003925/

      DZX=1000.*DZDN

      DTG10=10.*DTG

      SM1=0.

      AD1=0.

      AD2=0.

      AD3=0.

      TOT1=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          YTP(L,ISA)=RSPC(L,ISA)

          XTP1(L,ISA)=WNO3(L,ISA)

          XTP2(L,ISA)=WNO2(L,ISA)

          XTP3(L,ISA)=WN2O(L,ISA)

          XTP4(L,ISA)=WBMC(L,ISA)

          XTP5(L,ISA)=RWT(L,JJK,ISA)

          XTP6(L,ISA)=MAX(1.E-10,DRWX(L,ISA))

          XTP7(L,ISA)=WCO2L(L,ISA)

          XTP8(L,ISA)=WCO2G(L,ISA)

          XTP9(L,ISA)=WN2OL(L,ISA)

          XTP10(L,ISA)=WN2OG(L,ISA)

          XTP11(L,ISA)=WO2L(L,ISA)

          XTP12(L,ISA)=WO2G(L,ISA)

          XTP13(L,ISA)=SSFCO2(L,ISA)

          XTP14(L,ISA)=SSFN2O(L,ISA)

          XTP15(L,ISA)=SSFO2(L,ISA)

          XTP16(L,ISA)=VCO2(L,ISA)

          XTP17(L,ISA)=VN2O(L,ISA)

          XTP18(L,ISA)=VO2(L,ISA)

          XTP19(L,ISA)=WNH3(L,ISA)

          SM1=SM1+WNO3(L,ISA)+WNO2(L,ISA)+WN2O(L,ISA)

          AD1=AD1+WN2O(L,ISA)

          AD2=AD2+WN2OG(L,ISA)

          AD3=AD3+WN2OL(L,ISA)

          TOT1=TOT1+WBMC(L,ISA)

      END DO

      CALL AINTRI(PO,TPOR,NBSL(ISA),NBCL)

      CALL AINTRI(SWST,VWC,NBSL(ISA),NBCL)

      CALL AINTRI(S15,VWP,NBSL(ISA),NBCL)

      CALL AINTRIC(STMP,SOT,NBSL(ISA),NBCL)

      CALL AINTRI(YTP,RSPC,NBSL(ISA),NBCL)

      CALL AINTRI(XTP1,WNO3,NBSL(ISA),NBCL)

      CALL AINTRI(XTP2,WNO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP3,WN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP4,WBMC,NBSL(ISA),NBCL)

      CALL AINTRI(XTP5,RWTZ,NBSL(ISA),NBCL)

      CALL AINTRI(XTP6,DRWX,NBSL(ISA),NBCL)

      CALL AINTRI(XTP7,WCO2L,NBSL(ISA),NBCL)

      CALL AINTRI(XTP8,WCO2G,NBSL(ISA),NBCL)

      CALL AINTRI(XTP9,WN2OL,NBSL(ISA),NBCL)

      CALL AINTRI(XTP10,WN2OG,NBSL(ISA),NBCL)

      CALL AINTRI(XTP11,WO2L,NBSL(ISA),NBCL)

      CALL AINTRI(XTP12,WO2G,NBSL(ISA),NBCL)

      CALL AINTRI(XTP13,SSFCO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP14,SSFN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP15,SSFO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP16,VCO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP17,VN2O,NBSL(ISA),NBCL)

      CALL AINTRI(XTP18,VO2,NBSL(ISA),NBCL)

      CALL AINTRI(XTP19,WNH3,NBSL(ISA),NBCL)

      CALL AINTRI(FC,VFC,NBSL(ISA),NBCL)

      CALL ICECALC(0)

      AD4=0.

      AD5=0.

      AD6=0.

      TOT2=0.

      DO I=1,NBCL

          AD4=AD4+WN2O(I,ISA)

          AD5=AD5+WN2OG(I,ISA)

          AD6=AD6+WN2OL(I,ISA)

          TOT2=TOT2+WBMC(I,ISA)

      END DO

      ZZ=DZX

      !Z1=1000.*(Z(LID(NBSL(ISA)))-ZC(NBCL-1))

      !IF(Z1<1.E-5)NBCL=NBCL-1

      DO I=1,NBCL

          IF(I==NBCL)ZZ=1000.*(Z(LID(NBSL(ISA),ISA),ISA)-ZC(NBCL-1,ISA))

          TPOR(I,ISA)=TPOR(I,ISA)/ZZ

          VWC(I,ISA)=VWC(I,ISA)/ZZ

          VFC(I,ISA)=VFC(I,ISA)/ZZ

          VWP(I,ISA)=VWP(I,ISA)/ZZ

          ABST=SOT(I,ISA)+273.15

          AFP(I,ISA)=MAX(1.E-5,TPOR(I,ISA)-VWC(I,ISA))

          HKF=.018/(GASC*ABST)

          X1=.01*ABST

          XXO=EXP(-66.7354+87.4755/X1+24.4526*LOG(X1))

          HKPO(I,ISA)=HKF*(1./XXO-1.)

          ! HERE WE OBTAIN HENRYS CONST AS A FUNCT OF SOIL T DIRECTLY

          ! UNITS ARE kpa M3 MOL-1

          XXC=EXP(-8.286*LOG(ABST)+46.742)*1.E-03

          HKPC(I,ISA)=HKF*(1./XXC-1.)

          XXN=EXP(-60.7467+88.828/X1+21.2531*LOG(X1))

          HKPN(I,ISA)=HKF*(1./XXN-1.)

      END DO

      DO I=1,NBCL

          IF(I<NBCL)THEN

             ! Estimate soil properties at grid cell boundaries using

             ! linear interpolation (NB: someday we might want to do

             ! a spline interpolation here)

             ABST=.5*(SOT(I,ISA)+SOT(I+1,ISA))+273.15

             XTPOR=.5*(TPOR(I,ISA)+TPOR(I+1,ISA))

             XVWC=.5*(VWC(I,ISA)+VWC( I+1,ISA))

             XVFC=.5*(VFC(I,ISA)+VFC(I+1,ISA))

             XAFP=.5*(AFP(I,ISA)+AFP(I+1,ISA))

          ELSE

             ! for the last grid cell we don't have a value to

             ! interpolate with, so just use the cell-center value.

             ABST=SOT(I,ISA)+273.15

             XTPOR=TPOR(I,ISA)

             XVWC=VWC(I,ISA)

             XVFC=VFC(I,ISA)

             XAFP=AFP(I,ISA)

          END IF

          HKF=.018/(GASC*ABST)

          ! THIS IS THE MILLINGTON-QUIRCK COEFF

          EPS=XAFP**3.333/XTPOR**2

          ! DIFFUSION COEFFICIENT IN SOIL

          DCSO=DCAO*EPS

          X1=.01*ABST

          XXO=EXP(-66.7354+87.4755/X1+24.4526*LOG(X1))

          XHKPO=HKF*(1./XXO-1.)

          X3=ABST/273.15

          X4=X3**1.75

          DPRO(I,ISA)=DCSO*XAFP/(XTPOR+XVWC*(1./XHKPO-1.))*X3*X3

          DCSC=DCAC*EPS

          ! HERE WE OBTAIN HENRYS CONST AS A FUNCT OF SOIL T DIRECTLY

          ! UNITS ARE kpa M3 MOL-1

          XXC=EXP(-8.286*LOG(ABST)+46.742)*1.E-03

          XHKPC=HKF*(1./XXC-1.)

          DPRC(I,ISA)=DCSC*XAFP/(XTPOR+XVWC*(1./XHKPC-1.))*X4

          DCSN=DCAN*EPS

          XXN=EXP(-60.7467+88.828/X1+21.2531*LOG(X1))

          XHKPN=HKF*(1./XXN-1.)

          DPRN(I,ISA)=DCSN*XAFP/(XTPOR+XVWC*(1./XHKPN-1.))*X4

      END DO

      IF(IY==1.AND.IDA==IBD)CALL CCONI

      ! SET TO 0. LAYER ARRAYS OF DAILY PRODUCTION AND CONSUMPTION

      ! OF GASES (O2, CO2, N2O, N2 AND N2O+N2 [DDENIT])

      DO I=1,NBCL

          DO2CONS(I,ISA)=0.

          DCO2GEN(I,ISA)=0.

          DN2OG(I,ISA)=0.

          DN2G(I,ISA)=0.

      END DO

      ! INITIALIZE DAILY GAS FLUXES (WBM & RCI, 8/25/11)      

      SMEA=0.

      SMES=0.

      DFO2S=0.

      DFCO2S=0.

      DFN2OS=0.

      DFO2B=0.

      DFCO2B=0.

      DFN2OB=0.

      DFO2T=0.

      DFCO2T=0.

      DFN2OT=0.      

      TIME=0.

      ! TIME LOOP TO CALCULATE GENERATION AND CONSUMPTION OF

      ! GASES, GAS TRANSPORT, AND FLUX AT THE SURFACE

      DO IT=1,NBDT

          TIME=TIME+DTG

          ! CALCULATE GENERATION AND CONSUMPTION OF GASES

          CALL NDNITCI

          ! RE-CALCULATE GAS CONCENTRATIONS IN LIQUID AND AIR PHASES

          ! PRODUCTION AND CONSUMPTION OF GASES

          CALL NCCONC

          WO2GB=0.

          WCO2GB=0.

          WN2OGB=0.

          WO2GA=0.

          WCO2GA=0.

          WN2OGA=0.

          DO J=1,NBCL

              X1=AFP(J,ISA)*DZ10

              WO2GB=WO2GB+CGO2(J,ISA)*X1

              WCO2GB=WCO2GB+CGCO2(J,ISA)*X1

              WN2OGB=WN2OGB+CGN2O(J,ISA)*X1

              !IF(J==NBCL-1)THEN

                  !WO2GBT=WO2GB

                  !WCO2GBT=WCO2GB

                  !WN2OGBT=WN2OGB

              !END IF

          END DO

          ! MOVE O2 AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGO2(:,isa),DPRO,CUPO,DCAO,FLXO2)    ! CGO2 modified to CGO2(:,isa) - Luca Doro

          ! MOVE CO2 AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGCO2(:,isa),DPRC,CUPC,DCAC,FLXCO2)    ! CGCO2 modified to CGCO2(:,isa) - Luca Doro

          ! MOVE N2O AND STORE VALUES OF GAS CONC. IN 2-DIM ARRAY

          CALL GASTRANS2(CGN2O(:,isa),DPRN,CUPN,DCAN,FLXN2O)    ! CGN2O modified to CGN2O(:,isa) - Luca Doro

          ! RECALCULATE GAS CONCENTRATIONS IN LIQUID AND GAS PHASES

          DO J=1,NBCL

              AO2C(J,ISA)=CGO2(J,ISA)*AFP(J,ISA)+CLO2(J,ISA)*VWC(J,ISA)

              ACO2C(J,ISA)=CGCO2(J,ISA)*AFP(J,ISA)+CLCO2(J,ISA)*VWC(J,ISA)

              AN2OC(J,ISA)=CGN2O(J,ISA)*AFP(J,ISA)+CLN2O(J,ISA)*VWC(J,ISA)

              X2=AN2OC(J,ISA)*DZ10

              WN2O(J,ISA)=X2

              X1=AFP(J,ISA)*DZ10

              WO2GA=WO2GA+CGO2(J,ISA)*X1

              WCO2GA=WCO2GA+CGCO2(J,ISA)*X1

              WN2OGA=WN2OGA+CGN2O(J,ISA)*X1

              !IF(J==NBCL-1)THEN

                  !WO2GAT=WO2GA

                  !WCO2GAT=WCO2GA

                  !WN2OGAT=WN2OGA

              !END IF    

          END DO

          DFO2T=DFO2T+(WO2GA-WO2GB)*DTG

          DFCO2T=DFCO2T+(WCO2GA-WCO2GB)*DTG

          DFN2OT=DFN2OT+(WN2OGA-WN2OGB)*DTG

          DFO2S=DFO2S+FLXO2*DTG10 

          DFCO2S=DFCO2S+FLXCO2*DTG10

          DFN2OS=DFN2OS+FLXN2O*DTG10

          DFO2B=DFO2T-DFO2S

          DFCO2B=DFCO2T-DFCO2S

          DFN2OB=DFN2OT-DFN2OS

          CALL NCCONC

      END DO

      SN2O=0.

      SN2=0.

      SDN=0.

      AD7=0.

      AD8=0.

      AD9=0.

      TOT3=0.

      DO J=1,NBCL

          IF(SMES(J,ISA)>0.)THEN

              EAR(J,ISA)=SMEA(J,ISA)/SMES(J,ISA)

          ELSE

              EAR(J,ISA)=1.

          END IF

          X1=AFP(J,ISA)*DZ10

          WO2G(J,ISA)=CGO2(J,ISA)*X1

          WCO2G(J,ISA)=CGCO2(J,ISA)*X1

          WN2OG(J,ISA)=CGN2O(J,ISA)*X1

          X1=VWC(J,ISA)*DZ10

          WO2L(J,ISA)=CLO2(J,ISA)*X1

          WCO2L(J,ISA)=CLCO2(J,ISA)*X1

          WN2OL(J,ISA)=CLN2O(J,ISA)*X1

          !IF(VWC(J,ISA)>VFC(J,ISA).AND.SOT(J,ISA)>0.)THEN

          SN2=SN2+DN2G(J,ISA)

          SN2O=SN2O+DN2OG(J,ISA)

          SDN=SDN+(DN2OG(J,ISA)+DN2G(J,ISA))    ! original statement SDN=SDN+WSA(ISA)*(DN2OG(J,ISA)+DN2G(J,ISA)) Luca Doro

          !END IF

          XTP21(J,ISA)=WNO3(J,ISA)

          XTP22(J,ISA)=WNO2(J,ISA)

          XTP23(J,ISA)=WN2O(J,ISA)

          XTP24(J,ISA)=WBMC(J,ISA)

          XTP25(J,ISA)=EAR(J,ISA)

          XTP26(J,ISA)=WN2OG(J,ISA)

          XTP27(J,ISA)=WN2OL(J,ISA)

          !XTP28(J,ISA)=DN2G(J,ISA)

          !XTP29(J,ISA)=DN2OG(J,ISA)

          XTP30(J,ISA)=RSPC(J,ISA)

          XTP31(J,ISA)=WO2G(J,ISA)

          XTP32(J,ISA)=WO2L(J,ISA)

          XTP33(J,ISA)=WCO2G(J,ISA)

          XTP34(J,ISA)=SSFN2O(J,ISA)

          XTP35(J,ISA)=WCO2L(J,ISA)

          XTP36(J,ISA)=VN2O(J,ISA)

          XTP37(J,ISA)=WNH3(J,ISA)

          AD7=AD7+WN2O(J,ISA)

          AD8=AD8+WN2OG(J,ISA)

          AD9=AD9+WN2OL(J,ISA)

          TOT3=TOT3+WBMC(J,ISA)

      END DO

      IF(KFL(41)>0)WRITE(KW(41),19)IYR,MO,KDA,VAR(4,ISA),(VWC(K,ISA),K=1,NBCL),&

      (AFP(K,ISA),K=1,NBCL),(WNH3(K,ISA),K=1,NBCL),(WNO3(K,ISA),K=1,NBCL),&

      (WNO2(K,ISA),K=1,NBCL),(WO2L(K,ISA),K=1,NBCL),(WO2G(K,ISA),K=1,NBCL),&

      (DO2CONS(K,ISA),K=1,NBCL),DFO2S,DFO2B,DFO2T,QO2,(SSFO2(K,ISA),K=1,NBCL),&

      (VO2(K,ISA),K=1,NBCL),(WCO2L(K,ISA),K=1,NBCL),(WCO2G(K,ISA),K=1,NBCL),&

      (DCO2GEN(K,ISA),K=1,NBCL),DFCO2S,DFCO2B,DFCO2T,QCO2,(SSFCO2(K,ISA),&

      K=1,NBCL),(VCO2(K,ISA),K=1,NBCL),(WN2OL(K,ISA),K=1,NBCL),&

      (WN2OG(K,ISA),K=1,NBCL),DFN2OS,DFN2OB,DFN2OT,QN2O,(SSFN2O(K,ISA),&

      K=1,NBCL),(VN2O(K,ISA),K=1,NBCL),(DN2OG(K,ISA),K=1,NBCL),&

      (DN2G(K,ISA),K=1,NBCL),(SMEA(K,ISA),K=1,NBCL),(SMES(K,ISA),K=1,NBCL),&

      (EAR(K,ISA),K=1,NBCL)

      CALL ICECALC(1)

      CALL AINTRO(XTP21,WNO3,NBSL(ISA),NBCL)

      CALL AINTRO(XTP22,WNO2,NBSL(ISA),NBCL)

      CALL AINTRO(XTP23,WN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP24,WBMC,NBSL(ISA),NBCL)

      CALL AINTRX(XTP25,EAR,NBSL(ISA),NBCL)

      CALL AINTRO(XTP26,WN2OG,NBSL(ISA),NBCL)

      CALL AINTRO(XTP27,WN2OL,NBSL(ISA),NBCL)

      CALL AINTRO(XTP30,RSPC,NBSL(ISA),NBCL)

      CALL AINTRO(XTP31,WO2G,NBSL(ISA),NBCL)

      CALL AINTRO(XTP32,WO2L,NBSL(ISA),NBCL)

      CALL AINTRO(XTP33,WCO2G,NBSL(ISA),NBCL)

      CALL AINTRO(XTP35,WCO2L,NBSL(ISA),NBCL)

      CALL AINTRO(XTP34,SSFN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP36,VN2O,NBSL(ISA),NBCL)

      CALL AINTRO(XTP37,WNH3,NBSL(ISA),NBCL)

      !CALL AINTRO(XTP28,DN2G,NBSL(ISA),NBCL)

      !CALL AINTRO(XTP29,DN2OG,NBSL(ISA),NBCL)

      SM2=0.

      AD10=0.

      AD11=0.

      AD12=0.

      TOT4=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          CGO2(L,ISA)=100.*WO2G(L,ISA)/(PO(L,ISA)-SWST(L,ISA))

          SM2=SM2+WNO3(L,ISA)+WNO2(L,ISA)+WN2OG(L,ISA)+WN2OL(L,ISA)

          AD10=AD10+WN2O(L,ISA)

          AD11=AD11+WN2OG(L,ISA)

          AD12=AD12+WN2OL(L,ISA)

          TOT4=TOT4+WBMC(L,ISA)

      END DO

      IF(ABS(AD1-AD4)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A1=',AD1,'  A4=',AD4

      IF(ABS(AD2-AD5)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A2=',AD2,'  A5=',AD5

      IF(ABS(AD3-AD6)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A3=',AD3,'  A6=',AD6

      IF(ABS(AD7-AD10)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A7=',AD7,'  A10=',AD10

      IF(ABS(AD8-AD11)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A8=',AD8,'  A11=',AD11

      IF(ABS(AD9-AD12)>1.E-5)WRITE(KW(1),'(1X,3I4,A,E13.6,A,E13.6)')IY,MO,KDA,'^^^^^ A9=',AD9,'  A12=',AD12

      IF(ABS((TOT1-TOT2)/TOT1)>1.E-5)WRITE(KW(1),4)IY,MO,KDA,'^^^^^ TOT1=',TOT1,' TOT2=',TOT2

      IF(ABS((TOT3-TOT4)/TOT3)>1.E-5)WRITE(KW(1),4)IY,MO,KDA,'^^^^^ TOT3=',TOT3,' TOT4=',TOT4

      DF=SM1-SM2-SN2+DFN2OT

      IF(ABS(DF/SM1)>.1)THEN

          WRITE(KW(1),3)IY,MO1,KDA,SM1,SDN,SM2,SN2O,SN2,DFN2OT,DF

      END IF

      RETURN

    1 FORMAT(1X,'GASDF31',3I4,3E16.6)            

    2 FORMAT(1X,'GASDF32',3I4,4E16.6)

    3 FORMAT(4X,'GAS XBAL ',3I4,2X,'BTOT=',F11.6,2X,'DNIT=',F11.6,2X,'FTOT=',&

      F11.6,2X,'SN2O=',F11.6,2X,'SN2=',F11.6,2X,'DFN2OT=',F11.6,2X,'DF=',F11.6)

    4 FORMAT(1X,3I4,A12,E13.6,A6,E13.6)          

   10 FORMAT(1X,'!!!!!',3I4,9E12.5)

   11 FORMAT(1X,'$$$$$',3I4,10E12.5)

   12 FORMAT(1X,'#####',3I4,9E12.5)

   18 FORMAT(9F10.3)

   19 FORMAT(1X,3I4,1000E12.5) 

      END






src/GASTRANS2.f90

      SUBROUTINE GASTRANS2(CONC,DPRM,CUP,DSURF,FLUXOUT)
      ! APEX1501
      ! SUBPROGRAM SOLVES THE GAS TRANSPORT EQUATION
      USE PARM
      DIMENSION A(MSC),B(MSC),C(MSC),D(MSC),CONC(MSC),CONCTMP(MSC),&
      DPRM(MSC) ! arrays for storing tridiagonal matrix and RHS
      LOGICAL::CONVG          ! convergence flag
      DATA ALX/.5/,DTMIN/.01/ ! ALX is the explicit fraction, 1-ALX the implicit 
      C=0.
      CONVG=.FALSE.
      DTSUB=DTG 
      DO WHILE(.NOT.CONVG)
          !! set up the integration
          CONCTMP=CONC        ! set concentration to initial values
          T=0.                ! set time to top of the hour
          FLUXOUT=0.          ! zero the hourly flux
          CONVG=.TRUE.        ! will be unset when and if we observe a failure
          DO WHILE(T<DTG)
              !! These must be initialized here because we may take a
              !! short step at the end of the integration interval
              R=DTSUB/(DZDN*DZDN)
              R1=ALX*R
              R2=(1.-ALX)*R
              ! UPPER BOUNDARY CONDITION
              A(1)=-R2*DPRM(1)
              B(1)=0.0
              C(1)=AFP(1,ISA)*CONCTMP(1)+R1*(DPRM(1)*(CONCTMP(2)-CONCTMP(1))-&
              DSURF*(CONCTMP(1)-CUP))+R2*DSURF*CUP
              D(1)=AFP(1,ISA)+R2*(DSURF+DPRM(1))
              ! Calculate surface flux using the old concentration values
              F1=-DSURF*(CONCTMP(1)-CUP)/DZDN
              !      print *,'start conctmp(1), cup, F1,alx : ', conctmp(1), cup, F1, alx !XXX
              ! MAIN COMPUTATIONS
              DO ID=2,IUN
                  A(ID)=-R2*DPRM(ID)
                  B(ID)=-R2*DPRM(ID-1)
                  C(ID)=AFP(ID,ISA)*CONCTMP(ID)+R1*(DPRM(ID)*(CONCTMP(ID+1)-&
                  CONCTMP(ID))-DPRM(ID-1)*(CONCTMP(ID)-CONCTMP(ID-1)))
                  D(ID)=AFP(ID,ISA)+R2*(DPRM(ID-1)+DPRM(ID))
              END DO
              ! LOWER BOUNDARY CONDITION
              A(NBCL)=0.0
              B(NBCL)=-R2*DPRM(NBCL-1)
              C(NBCL)=AFP(NBCL,ISA)*CONCTMP(NBCL)-R1*DPRM(NBCL-1)*(CONCTMP&
              (NBCL)-CONCTMP(NBCL-1))
              D(NBCL)=AFP(NBCL,ISA)+R2*DPRM(NBCL-1)
              ! SOLVE TRIADIAGONAL SYSTEM
              CALL ATRIDIAG(B,D,A,C,NBCL)
              !DO ID=1,NBCL
                  !IF(ABS(C(ID)-CONCTMP(ID))/ABS(CONCTMP(ID)+1.E-4)>.5.AND.DTSUB>DTMIN)THEN
              IF(ANY(ABS(C-CONCTMP)/(ABS(CONCTMP)+1.0E-4)>0.5).AND.DTSUB>DTMIN)THEN
                  !! excessive change.  reduce time step and try again
                  !! (but if the timestep is already too small, then we
                  !! just live with it)
                  DTSUB=DTSUB*.5
                  CONVG=.FALSE.
                  EXIT
              ELSE 
                  CONCTMP=MAX(C,1.E-10)
              END IF
              !END DO
              !IF(CONVG==.FALSE.)EXIT
              ! Calculate surface flux using the new concentration values
              F2=-DSURF*(C(1)-CUP)/DZDN ! use C instead of conctmp, so we don't see the effect of MAX above
              ! Combine the fluxes in the same ratio used in the Crank-Nicholson scheme
              FLUXOUT=FLUXOUT+(ALX*F1+(1.-ALX)*F2)*DTSUB
              ! update the time
              T=T+DTSUB
              IF(DTG-T<DTSUB)THEN
                  DTSUB=DTG-T    ! ensure that we don't overshoot our intended finish time
              END IF 
          END DO                 ! while(t < dtg
      END DO                     ! while(.not. convg)
      CONC=CONCTMP
      RETURN 
      END







src/HCNSLP.f90

      SUBROUTINE HCNSLP(CNII,X1)

!     APEX1501

!     THIS SUBPROGRAM ADJUSTS THE 2 CONDITION SCS RUNOFF CURVE

!     NUMBER FOR WATERSHED SLOPE AND COMPUTES CN1 AND CN3.

      USE PARM

      S2=254.*(100./CNII-1.)

      S2=CNSX(ISA)*S2

      X1=25400./(254.+S2)

      C2=100.-X1

      CN1=MAX(.4*X1,X1-20.*C2/(C2+EXP(2.533-.0636*C2)))

      SMX(ISA)=254.*PRMT(16)*(100./CN1-1.)

      CN3=X1*EXP(.006729*C2)

      S3(ISA)=254.*(100./CN3-1.)

      SUM=0.

      TOT=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>1.)GO TO 3

          SUM=SUM+FC(ISL,ISA)-S15(ISL,ISA)

          TOT=TOT+PO(ISL,ISA)-S15(ISL,ISA)

      END DO

      GO TO 4

    3 L1=LID(J-1,ISA)

      RTO=(1.-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      SUM=SUM+RTO*(FC(ISL,ISA)-S15(ISL,ISA))

      TOT=TOT+RTO*(PO(ISL,ISA)-S15(ISL,ISA))

    4 N1=100.+SCRP(35,2)*(TOT/SUM-1.)+.5

      SCRP(4,1)=1.-S2/SMX(ISA)+SCRP(35,1)

      SCRP(4,2)=1.-S3(ISA)/SMX(ISA)+N1

      Z1=ASPLT(SCRP(4,1))

      Z2=ASPLT(SCRP(4,2))

      CNSC(1,ISA)=SCRP(4,1)

      CNSC(2,ISA)=SCRP(4,2)

      CALL ASCRV(CNSC(1,ISA),CNSC(2,ISA),Z1,Z2,SCLM,30,KW(1))

      RETURN

      END






src/HEVP.f90

      SUBROUTINE HEVP

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY EVAPOTRANSPIRATION.  THERE ARE

!     FOUR OPTIONS FOR COMPUTING POTENTIAL EVAP(PENMAN-MONTEITH, PENMAN,

!     PRIESTLEY-TAYLOR, & HARGREAVES)

      USE PARM

      SWL1=SWLT(ISA)

      AD1=SNO(ISA)+SWLT(ISA)+XRFI(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

      END DO

      SMLA(ISA)=.01

      EPP=0.

      ADD=0.

      SEV=0.

      NN=NCP(IRO(ISA),ISA)

      CHMX(ISA)=0.

      DO K=1,NN

          K1=JE(K,ISA)

          SMLA(ISA)=SMLA(ISA)+SLAI(K1,ISA)

          IF(CPHT(K1,ISA)>CHMX(ISA))CHMX(ISA)=CPHT(K1,ISA)

          EP(K1)=0.

      END DO

      X1=MAX(.4*SMLA(ISA),PRMT(17)*(CV(ISA)+.1))

      IF(X1>10.)THEN

          EAJ=.00005

      ELSE

          EAJ=EXP(-X1)

      END IF

      IF(SNO(ISA)>5.)THEN

          ALB=.6

          EAJ=.5

      ELSE

          ALB=SALB(ISA)

          IF(SMLA(ISA)>0.)ALB=.23*(1.-EAJ)+SALB(ISA)*EAJ

      END IF

      TK=TX+273.

      RSO=RAMX

      XL=2.501-2.2E-3*TX

      EA=ASVP(TK)

      ED=EA*RHD(IRF(ISA))

      VPD=EA-ED

      SMM(9,MO,ISA)=SMM(9,MO,ISA)+VPD

      VAR(9,ISA)=VPD

      RALB1=SRAD(IRF(ISA))*(1.-ALB)

      DLT=EA*(6790.5/TK-5.029)/TK

      XX=DLT+GMA(ISA)

      TK4=TK**4

      RBO=(.34-.14*SQRT(ED))*4.9E-9*TK4

      RTO=MIN(.99,SRAD(IRF(ISA))/(RSO+.1))

      RN=RALB1-RBO*(.9*RTO+.1)

      X2=RN*DLT

      SELECT CASE(IET)

          CASE(5)

              !BAIER-ROBERTSON PET METHOD

              EO=MAX(0.,.288*TMX(IRF(ISA))-.144*TMN(IRF(ISA))+.139*RSO-4.931)

          CASE(4)

              !HARGREAVES PET METHOD

              RAMM=RSO/XL

              EO=MAX(0.,PRMT(23)*RAMM*(TX+17.8)*(TMX(IRF(ISA))-TMN(IRF(ISA)))&

              **HGX)

          CASE(3)

              !PRIESTLEY-TAYLOR PET METHOD

              RAMM=RALB1/XL

              EO=1.28*RAMM*DLT/XX

          CASE(2)

              !PENMAN PET METHOD

              FWV=2.7+1.63*U10(IRF(ISA))

              X3=GMA(ISA)*FWV*VPD

              X1=X2/XL+X3

              EO=X1/XX

          CASE(1)

              !PENMAN-MONTEITH PET METHOD

              RHO=.01276*PB/(1.+.00367*TX)

              IF(IGO(ISA)>0)THEN

                  IF(CPHT(JJK,ISA)<8.)THEN

                      UZZ=U10(IRF(ISA))

                      ZZ=10.

                  ELSE

                      ZZ=CHMX(ISA)+2.

                      UZZ=U10(IRF(ISA))*LOG(ZZ/.0005)/9.9035

                  END IF

                  X1=LOG10(CPHT(JJK,ISA)+.01)

                  Z0=10.**(.997*X1-.883)

                  ZD=10.**(.979*X1-.154)

                  RV=6.25*(LOG((ZZ-ZD)/Z0))**2/UZZ

                  X3=VPD-VPTH(JJK)

                  IF(X3>0.)THEN

                      FVPD=MAX(.1,1.-VPD2(JJK)*X3)

                  ELSE

                      FVPD=1.

                  END IF

                  G1=GSI(JJK)*FVPD

                  RC=PRMT(1)/((SMLA(ISA)+.01)*G1*EXP(.00155*(330.-CO2)))

                  EPP=(X2+86.66*RHO*VPD/RV)/(XL*(DLT+GMA(ISA)*(1.+RC/RV)))

              END IF

              RV=350./U10(IRF(ISA))

              EO=(X2+86.66*RHO*VPD/RV)/(XL*XX)

              IF(EPP>EO)EO=EPP

          CASE DEFAULT

              !HARGREAVES PET METHOD

              RAMM=RSO/XL

              EO=MAX(0.,PRMT(23)*RAMM*(TX+17.8)*(TMX(IRF(ISA))-TMN(IRF(ISA)))&

              **HGX)                

      END SELECT

      VARW(10)=EO    

      IF(LUN(ISA)==35)RETURN

      SALF=SALA(ISA)/WSA(ISA)

      EOR=EO

      IF(IET>1.OR.IET==0)EPP=MIN(SMLA(ISA)*EOR/3.,EOR)

      DO

          IF(XRFI(ISA)>EOR)THEN

              ES=EOR

              XRFI(ISA)=XRFI(ISA)-ES

              SWLT(ISA)=SWLT(ISA)+XRFI(ISA)

              EPP=0.

              EXIT

          ELSE

              EOR=EOR-XRFI(ISA)

              ADD=XRFI(ISA)

              EPP=MIN(EOR,EPP)

          END IF

          IF(IGO(ISA)>0)THEN

              XX=EPP/SMLA(ISA)

              DO K=1,NN

                  K1=JE(K,ISA)

                  EP(K1)=SLAI(K1,ISA)*XX

              END DO

          END IF

          !Actual ET in flooded/dry field

          IF(PADDY_STO(1,ISA)>EO)THEN   !Paddy ponding condition Jaehak 2016

              IF(SMLA(ISA)<=4.)THEN

                  ES=.6*(1.-SMLA(ISA)/4.)*EO !Sakaguchi et al. 2014

              ELSE

                  ES=0.

              END IF

              EO=ES+EPP

              EOR=EO

              VAR(63,ISA)=EPP

              SMM(63,MO,ISA)=SMM(63,MO,ISA)+EPP

              RETURN

          ELSE !unsaturated soil

              ES=EOR*EAJ

              ST0(ISA)=RALB1

              ES=MIN(ES,ES*EOR/(ES+EPP+1.E-10))

              SNO1=SNO(ISA)

              IF(SNO(ISA)>=ES)THEN

                  NEV=1

                  SNO(ISA)=SNO(ISA)-ES

              ELSE

                  XX=ES-SNO(ISA)

                  ES=SNO(ISA)

                  IF(SWLT(ISA)<XX)THEN

                      XX=XX-SWLT(ISA)

                      ES=ES+SWLT(ISA)

                      SWLT(ISA)=0.

                      TOT=0.

                      DO J=1,NBSL(ISA)

                          ISL=LID(J,ISA)

                          RTO=1000.*Z(ISL,ISA)

                          IF(SCLM(2)>0.)RTO=MIN(RTO,SCLM(2))

                          SUM=XX*RTO/(RTO+EXP(SCRP(2,1)-SCRP(2,2)*RTO))

                          XZ=FC(ISL,ISA)-S15(ISL,ISA)

                          IF(SWST(ISL,ISA)<FC(ISL,ISA))THEN

                              F=EXP(PRMT(12)*(SWST(ISL,ISA)-FC(ISL,ISA))/XZ)

                          ELSE

                              F=1.

                          END IF

                          ZZ=SUM-TOT

                          XY=PRMT(5)*S15(ISL,ISA)

                          SEV(ISL,ISA)=MAX(0.,MIN(ZZ*F,SWST(ISL,ISA)-XY))

                          IF(Z(ISL,ISA)>.2)EXIT

                          ES=ES+SEV(ISL,ISA)

                          TOT=SUM

                      END DO

                      IF(J<NBSL(ISA))THEN

                          Z1=Z(LID(J-1,ISA),ISA)

                          RTO=(.2-Z1)/(Z(ISL,ISA)-Z1)

                          X1=RTO*SWST(ISL,ISA)

                          X2=RTO*XY

                          SEV(ISL,ISA)=MAX(0.,MIN(SEV(ISL,ISA),X1-X2))

                          ES=ES+SEV(ISL,ISA)

                      ELSE

                          J=NBSL(ISA)

                      END IF

                      NEV=J

                  ELSE

                      SWLT(ISA)=SWLT(ISA)-XX

                      ES=ES+XX

                      NEV=1

                  END IF

              END IF 

          END IF    

          SUM=SNO1-SNO(ISA)+SWL1-SWLT(ISA)

          DO J=1,NBSL(ISA)

              SEV(J,ISA)=SEV(J,ISA)*SALF

              SUM=SUM+SEV(J,ISA)

              SWST(J,ISA)=SWST(J,ISA)-SEV(J,ISA)

          END DO

          ES=SUM

          EXIT

      END DO    

      XX=EOR-ES

      IF(EPP>XX.and.EPP>0.)THEN

          X1=XX/EPP

          EPP=XX

          DO K=1,NN

              K1=JE(K,ISA)

              EP(K1)=EP(K1)*X1

          END DO 

      END IF

      VAR(63,ISA)=EPP

      SMM(63,MO,ISA)=SMM(63,MO,ISA)+EPP

      ES=ES+ADD

      AD2=SNO(ISA)+SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

      DF=AD1-ES-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,ES,AD2,DF

    1 FORMAT(5X,'HEVP',3I4,10E13.5)  

      RETURN

      END






src/HFPF.f90

      SUBROUTINE HFPF(QQ,TRT,SC,Q2)

!     THIS SUBPROGRAM CALCULATES FLOODPLAIN INFILTRATION USING AN ITERATIVE

!     TECHNIQUE WITH THE GREEN & AMPT INFILTRATION EQ 

      USE PARM

      QR=QQ/TRT

      ZI=SC*(SCI(IDN2)/QQ+1.)

      ZI1=ZI

      IF(QR<=ZI)THEN

          Q2=0.

          RETURN

      END IF

      QB=TRT*(QR-ZI)

      GB=0.

      GL=QB

      ZI=SC*(SCI(IDN2)+1.)

      QL=MAX(0.,TRT*(QR-ZI))

      DO IR=1,10

          X1=GL-GB

          IF(ABS(X1)<.01)THEN

              Q2=GL

              EXIT

          END IF

          B2=(QL-QB)/X1

          B1=QL-B2*GL

          X2=1.-B2

          IF(ABS(X2)<1.E-5.OR.B1<1.E-5)THEN

              G1=.5*(GL+GB)

          ELSE    

              G1=B1/X2

          END IF    

          FF=QQ-G1

          IF(FF>0.)THEN

              ZI=SC*(SCI(IDN2)/FF+1.)

          ELSE

              Q2=QQ

              EXIT

          END IF

          Q2=TRT*(QR-ZI)

          GQ=Q2-G1

          IF(ABS(GQ/G1)<.001)EXIT

          IF(GQ>0.)THEN

              GL=G1

              QL=Q2

          ELSE

              GB=G1

              QB=Q2

          END IF

      END DO

      IF(Q2>QQ)Q2=TRT*(QR-ZI1)

      RETURN

      END       






src/HFURD.f90

      SUBROUTINE HFURD

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE STORAGE VOLUME OF FURROW DIKES GIVEN

!     DIKE INTERVAL AND HEIGHT, RIDGE HEIGHT, AND SLOPE.

      USE PARM

      S=STP(ISA)

      DH=DHT(ISA)*.001

      H2=2.*DH

      X1=.001*DKHL(ISA)

      TW=RINT(ISA)-X1

      BW=MAX(TW-4.*X1,.1*TW)

      DQI=DKIN(ISA)-X1

      D2=DH*(1.-2.*S)

      D3=DH-S*(DQI-H2)

      X1=(TW-BW)/DH

      TW2=BW+D2*X1

      TW3=BW+D3*X1

      A2=.5*D2*(TW2+BW)

      A3=.5*D3*(TW3+BW)

      XX=DH/S

      ZZ=DQI-H2

      X1=FDSF(ISA)/(RINT(ISA)*DKIN(ISA))

      IF(XX>ZZ)THEN

          DVOL=X1*(A2*DH+.5*(A2+A3)*(DQI-4.*DH)+A3*D3)

      ELSE

          DVOL=X1*A2*(DH+.5*(XX-H2))

      END IF

      RETURN

      END






src/HGASP.f90

      SUBROUTINE HGASP(A,PT,Q1,RX)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE GREEN & AMPT INFILTRATION EQ ASSUMING

!     F1 IS INCREMENTED BY TOTAL RAIN DURING DT.

      USE PARM

      F1=PT-QVOL(IDO)

      ZI=SATK(ISA)*(SCN/F1+1.)

      IF(RX<=ZI)THEN

          Q1=0.

      ELSE

          Q1=A*(RX-ZI)/RX

      END IF

      QVOL(IDO)=QVOL(IDO)+Q1

!     WRITE(KW(1),2)ISA,IYR,MO,KDA,SATK(ISA),RX,ZI,F1,Q1,PT,QVOL(IDO)

!   2 FORMAT(1X,4I4,10F10.3)

      RETURN

      END






src/HGAWY.f90

      SUBROUTINE HGAWY(A,PT,Q1,RX)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE GREEN & AMPT INFILTRATION EQ ITERATIVELY

!     TO OBTAIN RESULT AT DT/2.

      USE PARM

      F1=PT-QVOL(IDO)

      ZI=SATK(ISA)*(SCN/F1+1.)

      IF(RX<=ZI)THEN

          Q1=0.

          RETURN

      END IF

      QL=A*(RX-ZI)/RX

      GB=QL

      GL=0.

      FF=F1-GB

      ZI=SATK(ISA)*(SCN/FF+1.)

      QB=A*(RX-ZI)/RX

      DO IR=1,10

          B2=(QL-QB)/(GL-GB)

          B1=QL-B2*GL

          G1=B1/(1.-B2)

          FF=F1-G1

          ZI=SATK(ISA)*(SCN/FF+1.)

          Q1=A*(RX-ZI)/RX

          GQ=Q1-G1

          IF(ABS(GQ/G1)<.001)EXIT

          IF(GQ>0.)THEN

              GL=G1

              QL=Q1

          ELSE

              GB=G1

              QB=Q1

          END IF

      END DO    

      QVOL(IDO)=QVOL(IDO)+Q1

!     WRITE(KW(1),2)IR,SATK(ISA),RX,ZI,F1,Q1,PT,QVOL(IDO)

!   2 FORMAT(1X,I3,10F10.3)

      RETURN

      END






src/HGWST.f90

      SUBROUTINE HGWST

      ! APEX1501

      ! THIS SUBPROGRAM TRANSFERS GROUNDWATER AMONG SUBAREAS

      USE PARM

      DIMENSION GWS1(MSA)

      DO I=MSA,2,-1

          II=JSA(I)

          RN=AUNIF(13)

          K=I*RN+1

          JSA(I)=JSA(K)

          JSA(K)=II

          GWS1(I)=GWST(I)

      END DO

      GWS1(1)=GWST(1)

      M1=MSA-1

      DO I=1,M1

          I1=JSA(I)

          X1=GWE0(I1)-(1.-GWST(I1)/GWMX(I1))*5.

          DO J=I+1,MSA

              J1=JSA(J)

              X2=GWE0(J1)-(1.-GWST(J1)/GWMX(J1))*5.

              IF(X1>X2)THEN

                  SGN=1.

                  II=I1

              ELSE

                  SGN=-1.

                  II=J1

              END IF

              XX=MIN(.1,1.-EXP(SGN*(X2-X1)*RFTT(II)/(SADST(I1,J1)+.01)))

              X3=SGN*XX*GWST(II)

              X4=SGN*(GWST(I1)*GWMX(J1)-GWST(J1)*GWMX(I1))/(GWMX(I1)+GWMX(J1))

              X5=MIN(ABS(X3),ABS(X4))

              GWTR=SGN*X5    

              GWST(I1)=GWST(I1)-GWTR

              GWST(J1)=GWST(J1)+GWTR

          END DO

      END DO

      DO I=1,MSA

         GWEL(I)=GWE0(I)-(1.-GWST(I)/GWMX(I))*5. 

         VAR(157,I)=GWST(I)-GWS1(I)

         SMM(157,MO,I)=SMM(157,MO,I)+VAR(157,I)

      END DO   

      RETURN

      END

      






src/HIRG.f90

      SUBROUTINE HIRG(AVIR,EFD,ZX,JRT,IRX,IRY)

!     APEX1307

!     THIS SUBPROGRAM IS USED TO SIMULATE AUTOMATIC OR USER SPECIFIED

!     IRRIGATION APPLICATIONS.  COMPUTES THE AMOUNT OF IRRIGATION WATER

!     NEEDED TO BRING THE ROOT ZONE WATER CONTENT TO FIELD CAPACITY, FOR

!     AUTOMATIC OPTION.  USER SPECIFIED AMOUNT IS APPLIED FOR

!     MANUAL OPTION.  EROSION AND RUNOFF ARE ESTIMATED.

      USE PARM

      JRT=0

      IF(VIRT(ISA)>=VIMX(ISA).OR.NII(ISA)<IRI(ISA))THEN

          AVIR=0.

          JRT=1

          RETURN

      END IF

      WSAX1=10.*WSA(ISA)

      IF(IRY==0)THEN

          ! AUTO

          SELECT CASE(IAC(ISA))

              CASE(0)

                  ! FLEXIBLE

                  XX=0.

                  DO J=1,NBSL(ISA)

                      ISL=LID(J,ISA)

                      XX=XX+FC(ISL,ISA)-SWST(ISL,ISA)

                  END DO

                  XX=FIRG(ISA)*XX/((1.-EFI(ISA))*EFD)

                  X4=MIN(VIMX(ISA)-VIRT(ISA),XX,ARMX(ISA))

              CASE(1)

                  ! RIGID

                  X4=MIN(VIMX(ISA)-VIRT(ISA),ARMX(ISA))

              CASE(2)    

                  !Irrigate when ponding depth goes below the minimum depth in the paddy jaehak jeong 2016

                  IF(PADDY_STO(1,ISA)<PADDY_HMIN(ISA)) THEN

                     X4=AVIR

                  ELSE

                     X4=0

                  ENDIF

          END SELECT

      ELSE    

          ! MANUAL OR LAGOON

          IF(IAC(ISA)==0)THEN

              ! FLEXIBLE

              XX=0.

              DO J=1,NBSL(ISA)

                  ISL=LID(J,ISA)

                  XX=XX+FC(ISL,ISA)-SWST(ISL,ISA)

              END DO

              XX=FIRG(ISA)*XX/((1.-EFI(ISA))*EFD)

              X4=MIN(VIMX(ISA)-VIRT(ISA),XX,AVIR)

          ELSE

              ! RIGID

              X4=AVIR

          END IF

      END IF 

      IF(IRRS(ISA)>0)THEN

          I1=NISA(IRRS(ISA))

          X3=X4*WSAX1

          RSM3=MIN(RSV(I1),X3)

          X4=RSM3/WSAX1

      ELSE           

          IF(IRRW(ISA)>0)THEN

              I1=NISA(IRRW(ISA))

              X3=X4*WSAX1

              GWM3=MIN(GWST(I1),X3)

              X4=GWM3/WSAX1

          END IF           

      END IF    

      AVIR=X4*EFD

	  X3=COIR*X4

      IF(AVIR>ARMN(ISA))THEN      

          NII(ISA)=0

          REPI(ISA)=AVIR/24.

	      XEF=WSAX1*(X4-AVIR)

          SMM(110,MO,ISA)=SMM(110,MO,ISA)+XEF

          VAR(110,ISA)=XEF

          X1=RZSW(ISA)-PAW(ISA)

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),9)ISA,&

          NBSA(ISA),IYR,MO,KDA,TIL(IRX),X4,WS(ISA),WTN,X1,BIR(ISA),&

          EFI(ISA),FIRG(ISA),XHSM(ISA)

          VIR(JJK,ISA)=VIR(JJK,ISA)+X4

          VIRT(ISA)=VIRT(ISA)+X4

	      COST(ISA)=COST(ISA)+X3

          IF(VIRT(ISA)>0.)THEN

              IF(IRY==0)THEN

                  X1=COTL(IRX)

                  X2=X1-COOP(IRX)

                  COST(ISA)=COST(ISA)+X1

                  CSFX=CSFX+X2

              END IF

              IF(KFL(31)>0)THEN

                  WRITE(KW(31),14)ISA,NBSA(ISA),IYR,MO,KDA,TIL(IRX),KDC(JJK),IHC&

                  (IRX),NBE(IRX),X3,X3,X4

                  IF(IRY==0)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(IRX),KDC&

                  (JJK),IHC(IRX),NBE(IRX),NBT(IRX),X1,X2,FULU(IRX)

              END IF

          END IF

          VSLT(ISA)=.01*X4*CSLT

          SMM(129,MO,ISA)=SMM(129,MO,ISA)+VSLT(ISA)

          VAR(129,ISA)=VSLT(ISA)

          IF(IRRS(ISA)>0)THEN

              VAR(146,I1)=RSM3

              SMM(146,MO,I1)=SMM(146,MO,I1)+RSM3

              RSV(I1)=RSV(I1)-RSM3

          ELSE

              IF(IRRW(ISA)>0)THEN

                  VAR(156,I1)=GWM3

                  SMM(156,MO,I1)=SMM(156,MO,I1)+GWM3

                  GWST(I1)=GWST(I1)-GWM3

              END IF

          END IF

          X4=X4*WSAX1

          SMM(18,MO,ISA)=SMM(18,MO,ISA)+X4

          VAR(18,ISA)=X4

      ELSE

          AVIR=0.

      END IF

      JRT=0

      IF(IRR(ISA)/=5)RETURN

	  DO J=1,NBSL(ISA)

          I=LID(J,ISA)

          IF(ZX<Z(I,ISA))EXIT

      END DO

      SWST(I,ISA)=SWST(I,ISA)+AVIR

      AVIR=0.

	  REPI(ISA)=0.

      RETURN

    9 FORMAT(1X,2I8,1X,3I4,2X,A8,2X,'VOL=',F5.0,' mm',2X,'WS=',F5.2,2X,&

      'WTN=',F6.0,'KPA',2X,'PWDF=',F6.0,' mm',2X,'TRGR=',F7.2,2X,'Q/VIR='&

      ,F5.2,2X,'FIRG=',F5.2,2X,'HUSC=',F5.2)      

   14 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,2I4,4X,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/HLGB.f90

      SUBROUTINE HLGB(Q,EV,O,RG,VLGE,VLGB,WW,ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE LAGOON WATER BALANCE AT THE END OF A

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=VLGB+Q-EV-O-VLGE-RG+WW

	  PER=200.*DF/(VLGB+VLGE)

!	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),3)PER,DF,VLGB,Q,EV,O,RG,WW,VLGE

      VLGB=VLGE

      RETURN

    2 FORMAT(/T10,'LAGOON WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'VLGB=',E13.6,2X,&

     &'QI  =',E13.6,2X,'ET  =',E13.6/5X,'QO  =',E13.6,2X,'IRG =',E13.6,&

     &2X,'WW  =',E13.6,2X,'VLGF=',E13.6)

      END






src/HLGOON.f90

      SUBROUTINE HLGOON(JRT)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES INFLOW, STORAGE, & IRRIGATION FROM

!     LAGOONS. RUNOFF IS ESTIMATED WITH 90 CN.

      USE PARM

      II=IDON(ISA)

      ALGI(II)=0.

      X2=10.*DALG(ISA)

      DP=.1677*VLG(ISA)**.3333

      TW=18.*DP

      SURA=.0001*TW*TW

      EV=6.*EO*SURA

      VLG(ISA)=MAX(.01,VLG(ISA)-EV+COWW(ISA))

      SMM(20,MO,ISA)=SMM(20,MO,ISA)+EV

      VAR(20,ISA)=EV

      XX=COWW(ISA)

      SMM(21,MO,ISA)=SMM(21,MO,ISA)+XX

      VAR(21,ISA)=XX

      X1=RFV(IRF(ISA))-5.64

      IF(X1>0.)THEN

          QLG=X1*X1/(RFV(IRF(ISA))+22.6)

          QLG=10.*(QLG*(DALG(ISA)-SURA)+RFV(IRF(ISA))*SURA)

          VLG(ISA)=VLG(ISA)+QLG

          SMM(22,MO,ISA)=SMM(22,MO,ISA)+QLG

          VAR(22,ISA)=QLG

      END IF

      IF(VLG(ISA)<=VLGN(ISA))THEN

          JRT=1

          RETURN

      END IF

      IF(VLG(ISA)>VLGM(ISA))THEN

          X1=(VLG(ISA)-VLGM(ISA))

          QVOL(IDO)=QVOL(IDO)+X1/(10.*WSA(ISA))

          CFNP(ISA)=WTMU(ISA)/VLG(ISA)

          X3=CFNP(ISA)*X1

          SOFU=SOFU+X3

          YMNU(IDO)=YMNU(IDO)+X3

          SMM(23,MO,ISA)=SMM(23,MO,ISA)+X1

          VAR(23,ISA)=X1

          X1=X1/X2

          WRITE(KW(1),4)ISA,NBSA(ISA),IYR,MO,KDA,X1,X3

          VLG(ISA)=VLGM(ISA)

          WTMU(ISA)=WTMU(ISA)-X3

      END IF

      IF(JDA==LPD)GO TO 1

      IF((VLG(ISA)-VLGN(ISA))/(VLGM(ISA)-VLGN(ISA))>.75)GO TO 1

      IF(IPMP(ISA)==0)THEN

          JRT=1

          RETURN

      END IF

!     IF(RZSW(ISA)>=PAW(ISA))GO TO 7

    1 XX=VLGI(ISA)

      IPMP(ISA)=1

      X3=.95*(VLG(ISA)-VLGN(ISA))

      IF(XX>=X3)THEN

          IPMP(ISA)=0

          XX=X3

      END IF

      SMM(52,MO,ISA)=SMM(52,MO,ISA)+XX

      VAR(52,ISA)=XX

      ALGI(II)=XX

      VLG(ISA)=MAX(.01,VLG(ISA)-XX)

      JRT=0

      RETURN

    4 FORMAT(1X,2I8,1X,I4,2I2,2X,'______LAGOON OVERFLOWED VOL = ',E13.5,&

      ' mm',5X,'MANURE = ',E13.5,' T')

      END






src/HPERC.f90

      SUBROUTINE HPERC(DZ,SATX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PERCOLATION AND LATERAL SUBSURFACE FLOW

!     FROM A SOIL LAYER WHEN FIELD CAPACITY IS EXCEEDED.

      USE PARM

      SEP=0.

      SST(IDO)=0.

      SUP=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(SUP>0.)THEN

          X1=24./(PO(ISL,ISA)-FC(ISL,ISA))

          Z1=X1*SATX

          X2=X1*HCL(ISL,ISA)

          XZ=X2+Z1

          IF(XZ<20.)THEN

              X3=SUP*(1.-EXP(-XZ))

          ELSE

              X3=SUP

          END IF

          SEP=X3/(1.+X2/Z1)

          X3=X3-SEP

          IF(ISL/=IDR(ISA))THEN      

              Z2=PRMT(90)*DZ*X2/SPLG(ISA)

              X3=X3*(1.-EXP(-Z2))

              X1=MIN(X3,.001*X3*SPLG(ISA)/RCHL(ISA))

              SST(IDO)=X1

              QRF(IDO)=X3-X1

          ELSE

              QRF(IDO)=X3

              SST(IDO)=0.

          END IF

          IF(RSAE(ISA)<1.E-10)RETURN

      END IF

      QRF(IDO)=0.

      RETURN

      END





      

      






src/HPERC1.f90

      SUBROUTINE HPERC1(DZ,SATX)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PERCOLATION AND LATERAL SUBSURFACE FLOW

!     FROM A SOIL LAYER BY PASSING 4 mm SLUGS THROUGH AS A FUNCTION OF 

!     HYDRAULIC CONDUCTIVITY.

      USE PARM

      SEP=0.

      SSX=0.

      SST(IDO)=0.

      QRF(IDO)=0.

      ICW=0

      AVW=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(AVW>0.01)THEN

          POFC=PO(ISL,ISA)-FC(ISL,ISA)

          X1=24./POFC

          DO WHILE(AVW>.01)

              X5=MIN(AVW/POFC,1.)

              X4=MAX(1.E-5,X5**PRMT(82))

              H=SATX*X4

              X2=X1*HCL(ISL,ISA)*X4

              ZZ=X1*H

              XZ=X2+ZZ

              XX=MIN(4.,AVW)

              IF(XZ<20.)THEN

                  X3=XX*(1.-EXP(-XZ))

              ELSE

                  X3=XX

              END IF

              X6=X3/(1.+X2/ZZ)

              SEP=SEP+X6

              X7=X3-X6

              SSX=SSX+X7

              AVW=AVW-4.

              ICW=ICW+1

              IF(ICW>50)EXIT

          END DO    

          IF(ISL/=IDR(ISA))THEN      

              Z2=PRMT(90)*DZ*X2/SPLG(ISA)

              SSX=SSX*(1.-EXP(-Z2))

              X1=MIN(SSX,.001*SSX*SPLG(ISA)/RCHL(ISA))

              SST(IDO)=X1

              QRF(IDO)=SSX-X1

          ELSE

              QRF(IDO)=SSX

              SST(IDO)=0.

          END IF 

          IF(RSAE(ISA)>0.)QRF(IDO)=0.

      END IF

      RETURN

      END








src/HPERC2.f90

    SUBROUTINE HPERC2(phase) !temp cdj fastRE subroutine

    USE PARM

    USE HPERC2_lib, ONLY:dSmax,solve,allo,hypar,Sofh,deallo



    IMPLICIT NONE



    INTEGER,INTENT(IN)::phase

    INTEGER::i,j

    REAL::tempTh, tempThr, tempThs, tempS, tempTemp, X1,X2,DZ,Z2,X3,AVW,SUM,ADD,TOT !,tempOr

    REAL::kunsat, tempSST, tempKunsat, tempRatio, tempStore, slopeAngle, Qv !temp cdj richards lateral

    !integrates Peter Ross' fastRE code (FRENUMBERS, FREHYPVGVG, and FREFLOW) with EPIC

    !phase - 1-INITIALIZE, 2-UPDATE, >2-DAILY

    !i, j, ij - indices

    ADD=0.;TOT=0.;SUM=0.

    !------------------------- INITIALIZE -----------------------------

    !initializes the parameters and flux trackers

    IF(phase .EQ. 1)THEN

        IF(ALLOCATED(FRE%ILYR))THEN

            DEALLOCATE(FRE%ILYR)

            CALL DEALLO()

        END IF

        ALLOCATE(FRE%p(MSA),FRE%h0(MSA),FRE%qevap(MSA),FRE%qprec(MSA),FRE%drn(MSA),FRE%evap(MSA),FRE%infil(MSA),FRE%runoff(MSA))

        ALLOCATE(FRE%ILYR(MXLA,MSA))

        FRE%ns=0

        FRE%p(:)=0.5

        FRE%drn(:)=0;FRE%evap(:)=0;FRE%infil(:)=0;FRE%runoff(:)=0

        FRE%qevap(:)=0;FRE%qprec(:)=0

        FRE%ti=-24;FRE%tf=0;FRE%nsteps=0

        dSmax=0.05

        FRE%h0(:)=0.0 !surface head, equal to depth of surface pond

        

       call allo(MXLA,FRE%ns)

       DO j=1,MSA

            DO i=1,NBSL(j)

                ISL=LID(i,j)

                FRE%ILYR(i,j)%x=z(ISL,j)*100. !convert from m to cm

                FRE%ILYR(i,j)%Kx=SATC(ISL,j)/(10.) !convert from mm/hr to cm/hr

                FRE%ILYR(i,j)%vgn=VGN(ISL,j)

                FRE%ILYR(i,j)%vgm=1-1/VGN(ISL,j)

                FRE%ILYR(i,j)%hg=-1./VGA(ISL,j)

                FRE%ILYR(i,j)%vgn=VGN(ISL,j)

                FRE%ILYR(i,j)%ths=vgSat(ISL,j)

                FRE%ILYR(i,j)%thr=vgRes(ISL,j)

                FRE%ILYR(i,j)%Kxh=HCL(ISL,j)/(10.) !temp cdj richards lateral convert from mm/hr to cm/hr

                FRE%ILYR(i,j)%jt=i

                FRE%ILYR(i,j)%PRK=0.

            END DO

            FRE%ILYR(:,j)%dx=FRE%ILYR(:,j)%x-eoshift(FRE%ILYR(:,j)%x,-1)

            FRE%ILYR(:,j)%Ks=FRE%ILYR(:,j)%Kx+0.1

            FRE%ILYR(:,j)%mn=FRE%ILYR(:,j)%vgm*FRE%ILYR(:,j)%vgn

            FRE%ILYR(:,j)%Ksh=FRE%ILYR(:,j)%Kxh+0.1 !temp cdj richards lateral

            do i=1,NBSL(j)

                call hypar(i,FRE%ILYR(i,j)%thr,FRE%ILYR(i,j)%ths,FRE%ILYR(i,j)%hg,FRE%ILYR(i,j)%Kx,FRE%ILYR(i,j)%mn,FRE%p(j),FRE%ILYR(i,j)%Ks)

            end do

        END DO

        

    ELSE

        !----------------------------- UPDATE DAILY ---------------------

        !updates the fastRE soil parameters and drivers from the previous day and executes the fastRE for the current day

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            CPFH(ISL,ISA)=0. 

            

            FRE%ILYR(i,ISA)%S=(SWST(ISL,ISA)/(FRE%ILYR(i,ISA)%dx*10.)-FRE%ILYR(i,ISA)%thr) /(FRE%ILYR(i,ISA)%ths-FRE%ILYR(i,ISA)%thr)

            FRE%ILYR(i,ISA)%S = max(FRE%ILYR(i,ISA)%S, 1.0E-9)

            tempTh=SWST(ISL,ISA)/(FRE%ILYR(i,ISA)%dx*10.)

            tempThs=FRE%ILYR(i,ISA)%ths

            tempThr=FRE%ILYR(i,ISA)%thr

            tempS=(tempTh-tempThr)/(tempThs-tempThr)

            tempTemp = 1.

        END DO

        CPVH(IDO)=0.!Pipe flows are NOT considered with the Richards's percolation method. Jaehak 2017

        FRE%ti=FRE%ti+24.; FRE%tf=FRE%tf+24.

        FRE%qprec(ISA)=SEP/(24.*10.) !Infiltration to the first layer. converted from mm/day to cm/hr



        call solve(FRE%ti,FRE%tf,FRE%qprec(ISA),FRE%qevap(ISA),NBSL(ISA),FRE%ns,FRE%ILYR(:,ISA)%dx,FRE%ILYR(:,ISA)%jt,FRE%h0(ISA),FRE%ILYR(:,ISA)%S,FRE%evap(ISA),FRE%runoff(ISA),FRE%infil(ISA),FRE%drn(ISA),FRE%ILYR(:,ISA)%PRK,FRE%nsteps) !temp cdj richards lateral added SSF and IFLO

  

        FRE%ILYR(:,ISA)%fvwc=FRE%ILYR(:,ISA)%thr+(FRE%ILYR(:,ISA)%ths-FRE%ILYR(:,ISA)%thr)*FRE%ILYR(:,ISA)%s

        SST=0.

 

        SW(ISA)=0.

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            SWST(ISL,ISA)=FRE%ILYR(i,ISA)%fvwc*FRE%ILYR(i,ISA)%dx*10. !cm to mm

            SEP= FRE%ILYR(i,ISA)%PRK*10. !mm

            SW(ISA)=SW(ISA)+SWST(ISL,ISA)

        END DO

 

        !IF(ISA==1)WRITE(*,'(I5,10F8.3)')IDA,SW(ISA)+SEP,SW(ISA),SEP

        

        DO i=1,NBSL(ISA)

            ISL=LID(i,ISA)

            SWST(ISL,ISA)=FRE%ILYR(i,ISA)%fvwc*FRE%ILYR(i,ISA)%dx*10. !cm to mm

            SEP= FRE%ILYR(i,ISA)%PRK*10. !mm

            tempKunsat = kunsat(HCL(ISL,ISA), FRE%ILYR(i,ISA)%VGM, FRE%ILYR(i,ISA)%S) !effective lateral conductivity mm/hr

            IFLO = 2  !JAEHAK temporary setting

        

            !begin temp cdj richards lateral

            IF(IFLO.EQ.1)THEN

                !Warrick et al., 2008 WR eq. 14 and assuming homogenous isotropic layers

                slopeAngle = ATAN(STP(ISA))*360./(2.*3.14159)

                tempRatio = 1-SIN(slopeAngle*2.*3.14159/360.)

                Qv = FRE%ILYR(i,ISA)%PRK / tempRatio

                tempSst = Qv - FRE%ILYR(i,ISA)%PRK

            ELSE IF(IFLO.EQ.2)THEN

                !approximation of standard EPIC approach

                tempRatio = HCL(ISL,ISA)/SATC(ISL,ISA)

                tempSst = FRE%ILYR(i,ISA)%PRK * tempRatio * 10.

                tempSst = min(tempSst, (SWST(ISL,ISA)-FC(ISL,ISA)) ) 

                tempSst = max(tempSst, 0.)

                DZ=FRE%ILYR(i,ISA)%dx*0.01 !cm to m

                AVW=tempSst !mm

                IF (AVW>0.001) THEN

                    X1=24./(PO(ISL,ISA)-FC(ISL,ISA))

                    X2=X1*tempKunsat

                    IF(ISL/=IDR(ISA))THEN      

                        Z2=PRMT(90)*DZ*X2/SPLG(ISA)

                        X3=AVW*(1.-EXP(-Z2))

                        X1=MIN(X3,.001*X3*SPLG(ISA)/RCHL(ISA))

                        SST(IDO)=X1

                        QRF(IDO)=X3-X1

                    ELSE

                        QRF(IDO)=X3

                        SST(IDO)=0.

                    END IF

                ELSE

                    QRF(IDO)=0.

                    SST(IDO)=0.

                END IF

                

                IF(RSAE(ISA)>0.)QRF(IDO)=0.

                

            ELSE IF(IFLO.EQ.3)THEN

                !Darcian approach

                tempKunsat = 24. * kunsat(HCL(ISL,ISA), FRE%ILYR(i,ISA)%VGM, FRE%ILYR(i,ISA)%S)

                tempSst = tempKunsat * STP(ISA) !UPS -> STP to transfer from EPIC to APEX Jaehak 2017  

            END IF

            SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-SST(IDO)-QRF(IDO))

    

            IF(ISL/=IDR(ISA))THEN

                SUM=SUM+QRF(IDO)

            ELSE

                SMM(17,MO,ISA)=SMM(17,MO,ISA)+QRF(IDO)

                VAR(17,ISA)=QRF(IDO)

                QDR(IDO)=QRF(IDO)

            END IF

            ADD=ADD+SST(IDO)

            TOT=TOT+CPVH(IDO)

            SSF(ISL,ISA)=SST(IDO)

            QSF(ISL,ISA)=QRF(IDO)

            CPFH(ISL,ISA)=CPVH(IDO)

            PKRZ(ISL)=SEP

           

        END DO

        SST(IDO)=ADD

        QRF(IDO)=SUM

        

    END IF



    END SUBROUTINE HPERC2



    !temp cdj richards lateral

    Function kunsat(ksat, mvg, se)

    implicit none

    real kunsat, ksat

    REAL(SELECTED_REAL_KIND(15)) :: se, mvg

    real, parameter :: l=0.5



    if(se > 0.999) then

        kunsat=ksat

    else

        kunsat = ksat*(se**l)*(1.-(1.-Se**(1./mvg))**mvg)**2. !mm/h

        kunsat = Max(0., kunsat) 

        kunsat = Min(ksat, kunsat) 

        if(kunsat < 1.E-10) THEN

            kunsat = 0.0

        endif

    end if



    return

    end function kunsat
















src/HPERC2_INIT.f90

      MODULE HPERC2_INIT

      CONTAINS

      

      SUBROUTINE FREPARM(CL,OC,SA,FBD,LL,DUL,PO,alpha,n,ths,thr,OC1)

      !methods for estimating the van Genuchten soil water retention parameters for use with the fastRE soil water balance

      !CL - clay (%)

      !OC - organic carbon (%)

      !SA - sand (%)

      !FBD - bulk density (g/cm3)

      !LL - soil lower limit water content (cm3/cm3)

      !DUL - soil drained upper limit water content (cm3/cm3)

      !PO - maximum saturation water content based on porosity (cm3/cm3)

      !alpha - Van Genuchten alpha parameter (cm water-1)

      !n - Van Genuchten n parameter (unitless)

      !ths - saturation water content (cm3/cm3)

      !thr - residual water content (cm3/cm3)

      !OC1 - soil organic carbon in the top layer (%)

      !IVG - method for estimating Van Genuchten parameters based on traditional EPIC soil parameters. IVG=0 for inputting VG parameters in the soil file

      IMPLICIT NONE

      REAL,INTENT(IN)::CL,OC,SA,FBD,LL,DUL,OC1,PO

      REAL,INTENT(OUT)::alpha,n,ths,thr

      REAL::he,OM,SI,PHIE,PHIET,THmin

      INTEGER::IVG,topsoil=0,i,chngIndx

      LOGICAL::Coarse

      REAL,DIMENSION(:),ALLOCATABLE::TH,h

      REAL INDX(7)

!      !Vereecken et al., 1989, Soil Science - designed for m=1, shouldn't use this method

!      ths=0.81-0.283*BD+0.001*CL

!      thr=0.015+0.005*CL+0.014*OM

!      alpha=-2.486+0.025*SA-0.351*OM-2.617*BD-0.023*CL

!      alpha=exp(alpha)

!      n=0.053-0.009*SA-0.013*CL+0.00015*SA*SA

!      n=exp(alpha)

      IVG=3

      SI=100.-CL-SA

      OM=1.72*OC

      IF(IVG==1)THEN

        !Weynants et al., 2009, Vadose Zone Journal

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD

        ths = min(ths,po)

        alpha = -4.3003 - 0.0097*CL + 0.0138*SA - 0.0992*OM

        alpha = exp(alpha)

        n = -1.0846 - 0.0236*CL - 0.0085*SA + 0.0001*SA*SA

        n = exp(n) + 1.

        thr=0.

      ELSE IF(IVG==2)THEN

        !Wosten et al, 1999, Geoderma

        IF(OC/OC1>0.5) topsoil=1 !need some definition of topsoil vs subsoil

        ths = 0.7919 + 0.001691*CL - 0.29619*FBD - 0.000001491*SI*SI + 0.0000821*OM*OM +  0.02427/CL + 0.01113/SI &

              + 0.01472*log(SI) - 0.0000733*OM*CL - 0.000619*FBD*CL -  0.001183*FBD*OM - 0.0001664*topsoil*SI

        ths = min(ths,po)

        alpha = -14.96 + 0.03135*CL + 0.0351*SI + 0.646*OM + 15.29*FBD - 0.192*topsoil - 4.671*FBD*FBD - 0.000781*CL*CL &

                - 0.00687*OM*OM + 0.0449/OM + 0.0663*log(SI) + 0.1482*log(OM) - 0.04546*FBD*SI - 0.4852*FBD*OM + 0.00673*topsoil*CL

        alpha = exp(alpha)

        n = -25.23 - 0.02195*CL + 0.0074*SI - 0.1940*OM + 45.5*FBD - 7.24*FBD*FBD + 0.0003658*CL*CL + 0.002885*OM*OM - 12.81/FBD &

            - 0.1524/SI - 0.01958*OM - 0.2876*log(SI) - 0.0709*log(OM) - 44.6*log(FBD) - 0.02264*FBD*CL + 0.0896*FBD*OM + 0.00718*topsoil*CL

        n = exp(n) + 1

        thr=0.

      ELSE IF(IVG==3)THEN

        !Jones et al., 2014, Transactions of ASABE - (merge RETC with Saxton and Rawls, 2006)

        CALL TexturalAvg(SA, SI, CL, thr, ths, he, Coarse, alpha, n)

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD !Weynants et al., 2009, Vadose Zone Journal

        ths = min(ths,po)

        thr = min(thr, LL)

        phiet = -21.67*SA/100 - 27.93*CL/100 - 81.97*(ths-DUL) + 71.12*SA/100*(ths-DUL) + 8.29*CL/100*(ths-DUL) + 14.05*(SA/100)*(CL/100) + 27.16

        phie = phiet + 0.02*phiet*phiet - 0.113*phiet - 0.70

        CALL Retention(Coarse,LL,DUL,ths,phie,TH,h) !Saxton and Rawls, 2006, SSSAJ

        INDX=(/0,0,1,1,0,0,0/)

        CALL RETC( DBLE(TH), DBLE(h), DBLE(INDX), ths, thr, alpha, n)  

        DEALLOCATE(h, TH)

      ELSE IF(IVG==4)THEN !this method seems unstable. consider eliminating it if it proves unstable with further testing

        !merge RETC with Rawls et al., 1982)

        ALLOCATE( h(11), TH(11) )

        CALL TexturalAvg(SA, SI, CL, thr, ths, he, Coarse, alpha, n)

        ths = 0.6355 + 0.0013*CL - 0.1631*FBD !Weynants et al., 2009, Vadose Zone Journal

        ths = min(ths,po)

        thr = min(thr, LL)

        !Rawls et al., 1982, Transactions of ASABE

        allocate(h(11))

        h = (/0.0 ,101.97 ,203.94 ,336.501 ,611.82 ,1019.7 ,2039.4 ,4078.8 ,7137.9 ,10197.0 ,15295.5/) !cm water

!        TH(1) = 0.1829 - 0.0246*OM - 0.0376*FBD + 1.89*DUL - 1.38*LL

  !      TH(2) = 0.8888 - 0.0003*SA - 0.0107*OM + 1.53*DUL - 0.81*LL

!        TH(2) = 0.4829 - 0.0035*SA - 0.0263*OM + 0.25*LL

        TH(1) = ths

        TH(2) = 0.0619 - 0.0002*SA - 0.00067*OM + 1.34*DUL - 0.51*LL

        TH(3) = 0.0319 - 0.0002*SA + 1.01*DUL - 0.06*LL

        TH(4) = 0.2391 - 0.0019*SA + 0.0210*OM + 0.72*LL

        TH(5) = 0.0136 - 0.0091*FBD + 0.66*DUL + 0.39*LL

        TH(6) = -0.0034 + 0.0022*OM + 0.52*DUL + 0.54*LL

        TH(7) = -0.0043 + 0.0026*OM + 0.36*DUL + 0.69*LL

        TH(8) = -0.0038 + 0.0026*OM + 0.24*DUL + 0.79*LL

        TH(9) = -0.0027 + 0.0024*OM + 0.16*DUL + 0.86*LL

        TH(10) = -0.0019 + 0.0022*OM + 0.11*DUL + 0.89*LL

        TH(11) = LL

        IF(Coarse.eqv..TRUE.)chngIndx=2

        IF(Coarse==.FALSE.)THEN

          chngIndx=4

!          TH(2)=max(TH(2),DUL)

!          TH(3)=max(TH(3),DUL)

        END IF

        TH(chngIndx)=DUL

!        DO i=(chngIndx+1), 10

!          TH(i)=min(TH(i),DUL)

!        END DO

        INDX=(/0,0,1,1,0,0,0/)

        CALL RETC( DBLE(TH), DBLE(h), DBLE(INDX), ths, thr, alpha, n)  

        DEALLOCATE(h, TH)

      ELSE 

        THS=PO

        THR=0.

      END IF

      

      THmin = thr + (ths - thr)/(1 + (alpha*1000000)**n)**(1-1/n)

      

      RETURN

      END SUBROUTINE FREPARM

      

      !-------------------------------------------------------------------------------

      SUBROUTINE RETC( &

        SW_Rawls, h_Rawls,INDX &  !Input

        , SAT, wcr, &        !Input or output

        alphaVG_R, nVG_R)    !Output

      !estimates the soil water retention parameters by fitting a water retention model to values of soil water and soil tension

      !here we fit parameters selected by INDX to the Van Genuchten model assuming m=1-1/n

      !SW_Rawls - array of soil water values (cm3/cm3)

      !h_Rawls - array of soil tension values corresponding to SW_Rawls (cm water)

      !INDX - selects which parameters to fit (1) and which to keep as input (0)

      !SAT - saturation water content (cm3/cm3)

      !wcr - residual water content (cm3/cm3)

      !alphaVG_R - Van Genuchten alpha parameter (cm water -1)

      !nVG_R - Van Genuchten n parameter (unitless)

      IMPLICIT NONE

      

      INTEGER i, j, K, kin, kiter, kout, kp, kwater, method, mit, mtype

      Integer IOR, KLOG, NEXP, NIT, NOB, NP, NWC, NWC1, NW

      REAL Ksat, SAT, STOPCR, WCR

      REAL alphaVG_R, mVG_R, nVG_R

      Double Precision alphaVG, ARG, ARG1, ANGLE, DERL, EXPO, GA 

      Double Precision nVG, mVG, RPF, RPZ, RLF, RLX, RLY, RSQ 

      Double Precision SDEV, SECOEF, SSQ, SSQW, SSQ1, SSQ2, SSQW1, SSQW2

      Double Precision SUMB, SUM1, SUM2, SUM3,SUMY, SUMF, SUMYF, SUMY2

      Double Precision SUMF2, SUM, STEP

      Double Precision Temp, TMCOE, TPCOE, TSEC, TVAR,  TVALUE

      Double Precision W1, W2, W12, WA, WB, XLOG, Z 

      Double Precision A(7,7), B(14), D(7,7), DELZ(100,7), E(7), F(200) 

      Double Precision indx(7), P(7), PHI(7), Q(7), R(200), TB(14)

      Double Precision TH(14), W(200), X(200), Y(200)

      CHARACTER:: AB(14)*5

      Double Precision,DIMENSION(:) :: SW_Rawls, h_Rawls 

      DATA STOPCR/.00010/

      

      mtype = 3 !hydraulic conductivity uses Mualem's model, Retention uses VG model with m=1-1/n

      !mtype = 4 !hydraulic conductivity uses Burdine's model, Retention uses VG model with m=1-2/n

      !mtype = 5 !hydraulic conductivity uses Mualem's model, Retention uses Brook & Corey model with m=1-1/n

      !mtype = 6 !hydraulic conductivity uses Burdine's model, Retention uses Brook & Corey model with m=1-2/n 

      method = 5 !outputs diffusivity vs. water content eq. 33 of RETC.pdf

      kwater = 1 !fitting only water retention data

      kin = 1 !number of iterations to be printed

      kout = 1 !tells to print hydraulic properties

      kiter = 1 !number of iteration results to print

      mit = 50 !maximum number of iterations

      AB(8) = 'WCR' !labels of variables

      AB(9) = 'WCS'

      AB(10) = 'ALPHA'

      AB(11) = 'N'

      AB(12) = 'M'

      AB(13) = 'L'

      AB(14) = 'CONDS'

      B(8) = wcr !residual water content

      B(9) = SAT !saturation water content

      B(10) = alphaVG_R !0.059545455  !initial alpha guess - average value of alpha from RETC manual

      B(11) = nVG_R !1.258181818 !initial n guess - average value of n from RETC manual

      B(12) = 1.-1./B(11) !sets m = 1-1/n

      B(13) = .5 !L

      B(14) = 2. !saturated hydraulic conductivity

!      indx(1) = 0 !0-variable will not be fitted 1-variable will be fitted

!      indx(2) = 0

!      indx(3) = 1

!      indx(4) = 1

!      indx(5) = 0 

!      indx(6) = 0

!      indx(7) = 0

      W1 = 0

      kp = 0

    

    ! Rawls data is considered as observation data

      NOB = SIZE(h_Rawls) !number of observations(could include conductivity)

      do i = 1,NOB

        x(i) = h_Rawls(i) !tension data from rawls

        y(i) = SW_Rawls(i) !water content data

        w(i) = 1. !weighting coefficient

      end do

    

      NWC = NOB !number of retention points

      NW = NOB !number of predicted diffusivity data points



!     ----- READ INITIAL ESTIMATES -----

      IF(KWATER.EQ.1) indx(6) = 0

      IF(KWATER.EQ.1) indx(7) = 0

      IF(KWATER.EQ.2.AND.METHOD.LE.2) indx(3) = 0

      IF(KWATER.EQ.2.AND.METHOD.GE.5) indx(3) = 0



!      WRITE(KP,1008) TITLE

      IF(KP.EQ.8) CONTINUE !WRITE(7,1008) TITLE

      GO TO (5,5,1,2,3,3) MTYPE

    1 B(11) = DMAX1(1.05D0,B(11))   ! Parameter n

      B(12) = 1.-1./B(11)           ! Parameter m

      GO TO 4

    2 B(11) = DMAX1(2.05D0,B(11))

      B(12) = 1.-2./B(11)

      GO TO 4

    3 B(11) = DMAX1(0.005,B(11))

      B(12) = 1.0

    4 indx(5) = 0

    5 CONTINUE

      KLOG = 0

      IF(2 * (METHOD/2).EQ.METHOD) KLOG = 1

      IF(KWATER.EQ.1) KLOG = 0

      IF(MIT.EQ.0) GO TO 6

      IF(KWATER.NE.2) GO TO 6

      IF(METHOD.LE.2.OR.METHOD.GT.4) GO TO 6

      indx(1) = 0

      indx(2) = 0

    6 CONTINUE

      NP = 0

      IF(NOB.GT.0) CONTINUE 

      IF(NOB.EQ.0) CONTINUE

      IF(KP.EQ.8) THEN

      IF(KP.EQ.8) CONTINUE 

      IF(NOB.GT.0) CONTINUE 

      IF(NOB.EQ.0) CONTINUE 

      ENDIF

      IF(NOB.EQ.0) GO TO 14



!     ----- WRITE EXPERIMENTAL DATA -----

      WA = 0.

      IF(KWATER.EQ.2) GO TO 8

      DO 7 I = 1,NWC

      X(I) = DMAX1(X(I),1.D-5)

      IF(W(I).LT.1.D-3) W(I) = 1.0

      WA = WA + DABS(W(I) * Y(I))

      IF(KIN.EQ.0) GO TO 7

    7 CONTINUE

      WA = WA/FLOAT(NWC)

      IF(KWATER.EQ.1) GO TO 14

    8 IF(KIN.EQ.0) GO TO 9

    9 WB = 0.0

      IF(KWATER.EQ.2.AND.NWC.EQ.NOB) NWC = 0

      NWC1 = NWC + 1

      DO 10 I = NWC1,NOB

      J = I

      IF(KWATER.EQ.2) J = I-NWC

      X(J) = X(I)

      IF(METHOD.EQ.3.OR.METHOD.EQ.4) X(J) = DMAX1(X(J),1.D-5)

      Y(J) = Y(I)

      IF(KLOG .EQ. 1) Y(J) = DLOG10(Y(J))

      W(J) = W(I)

      IF(W(J) .LT. 1.D-3) W(J) = 1.0

      WB = WB + DABS(W(J) * Y(J))

      IF(KIN.EQ.0) GO TO 10

      IF(KLOG.EQ.0) CONTINUE 

      IF(KP.EQ.8) THEN

      IF(KLOG.EQ.0) CONTINUE 

      IF(KLOG.EQ.1) CONTINUE 

      ENDIF

   10 CONTINUE

      IF(KWATER.LT.2) GO TO 11

      NOB = NOB-NWC

      NWC = 0

      NWC1 = 1

   11 IF(MIT.EQ.0) GO TO 14

      IF(W1.LT.1.D-3) W1 = 1.0

      WB = WB/FLOAT(NOB-NWC)

      W2 = WA/WB

      IF(KWATER.EQ.2) W2 = 1.0

      W12 = W1 * W2

      DO 12 I = NWC1,NOB

   12 W(I) = W12 * W(I)



!      ----- INITIALIZE UNKNOWN PARAMETERS -----

   14 NP = 0

      DO 15 I = 8,14

      TB(I) = B(I) 

      IF(indx(I-7).EQ.0) GO TO 15

      NP = NP + 1

      AB(NP) = AB(I)

      B(NP) = B(I)

      TB(NP) = B(I)

      TH(NP) = B(I)

   15 TH(I) = B(I)

      GA = 0.05

      DERL = 0.002D0

      NEXP = 1 + indx(1) + indx(2) + indx(3) + indx(4) + indx(5)

      IF(KWATER.EQ.1) NOB = NWC

!

!     ----- START LEAST-SQUARES ANALYSIS -----

      CALL MODEL_retc(TH,F,X,NWC,NOB,MTYPE,METHOD,indx,IOR)

     

      IF(IOR.EQ.1) GO TO 94

      IF(MIT.EQ.0) GO TO 83

      SSQ = 0.

      DO 16 I = 1,NOB

      R(I) = W(I) * (Y(I)-F(I))

   16 SSQ = SSQ + R(I) * R(I)

      NIT = 0

!

!     ----- BEGIN OF ITERATION -----

   18 NIT = NIT + 1

      GA = 0.05 * GA

      DO 22 J = 1,NP

      TEMP = TH(J)

      TH(J) = (1.D0 + DERL) * TH(J)

      Q(J) = 0

      CALL MODEL_retc(TH,DELZ(1,J),X,NWC,NOB,MTYPE,METHOD,indx,IOR)

      DO 20 I = 1,NOB

      DELZ(I,J) = W(I) * (DELZ(I,J)-F(I))

   20 Q(J) = Q(J) + DELZ(I,J) * R(I)

      Q(J) = Q(J)/(TH(J) * DERL)

!

!     ----- STEEPEST DESCENT -----

   22 TH(J) = TEMP

      DO 28 I = 1,NP

      DO 26 J = 1,I

      SUM = 0.0

      DO 24 K = 1,NOB

   24 SUM = SUM + DELZ(K,I) * DELZ(K,J)

      D(I,J) = SUM/(TH(I) * TH(J) * DERL**2)

   26 D(J,I) = D(I,J)

   28 E(I) = DSQRT(D(I,I))

   30 DO 32 I = 1,NP

      DO 32 J = 1,NP

   32 A(I,J) = D(I,J)/(E(I) * E(J))

!

!     ----- A IS THE SCALED MOMENT MATRIX -----

      DO 34 I = 1,NP

      P(I) = Q(I)/E(I)

      PHI(I) = P(I)

   34 A(I,I) = A(I,I) + GA

      CALL MATINV(A,NP,P)

!

!     ----- P/E IS THE CORRECTION VECTOR -----

      STEP = 1.0

   36 DO 38 I = 1,NP

   38 TB(I) = P(I) * STEP/E(I) + TH(I)

      DO 40 I = 1,NP

      IF(TH(I) * TB(I))44,44,40

   40 CONTINUE

      CALL MODEL_retc(TB,F,X,NWC,NOB,MTYPE,METHOD,indx,IOR)

      SUMB = 0.0

      DO 42 I = 1,NOB

      R(I) = W(I) * (Y(I)-F(I))

   42 SUMB = SUMB + R(I) * R(I)

   44 SUM1 = 0.0

      SUM2 = 0.0

      SUM3 = 0.0

      DO 46 I = 1,NP

      SUM1 = SUM1 + P(I) * PHI(I)

      SUM2 = SUM2 + P(I) * P(I)

   46 SUM3 = SUM3 + PHI(I) * PHI(I)

      ARG = SUM1/DSQRT(SUM2 * SUM3)

      ARG1 = 0.

      IF(NP.GT.1) ARG1 = DSQRT(1.-ARG * ARG)

      ANGLE = 57.29578 * DATAN2(ARG1,ARG)

!

!     ----------

      DO 48 I = 1,NP

      IF(TH(I) * TB(I))50,50,48

   48 CONTINUE

      IF((SUMB-SSQ)/SSQ.LT.1.D-5) GO TO 56

   50 IF(ANGLE-30.D0) 52,52,54

   52 STEP = 0.5 * STEP

      GO TO 36

   54 GA = 20. * GA

      GO TO 30

!

!     ----- PRINT COEFFICIENTS AFTER EACH ITERATION -----

   56 CONTINUE

      DO 58 I = 1,14

   58 TH(I) = TB(I)

      IF(indx(1).EQ.0) GO TO 60

      IF(NIT.LE.4.OR.TH(1).GT.0.001) GO TO 60

      indx(1) = 0

      B(8) = 0.0

      GO TO 14

   60 IF(indx(6).EQ.0) GO TO 64

      EXPO = TH(NEXP)

      IF(EXPO.GT.1.D-3) GO TO 64

      IF(EXPO.LT.-1.D-3) GO TO 64

      IF(EXPO.LT.0.) GO TO 62

      B(13) = -0.2

      GO TO 14

   62 B(13) = 0.0001

      indx(6) = 0

      GO TO 14

   64 DO 66 I = 1,NP

      IF(DABS(P(I) * STEP/E(I))/(1.D-20 + DABS(TH(I)))-STOPCR) 66,66,68

  66  CONTINUE

      GO TO 70

   68 SSQ = SUMB

      IF(NIT .LE. MIT) GO TO 18



!     ----- END OF ITERATION LOOP -----

   70 CONTINUE

      if(NIT .GE. KITER)then

      alphaVG = TH(10)

      nVG = TH(11)

      mVG = TH(12)

      end if

     

      CALL MATINV(D,NP,P)

!

!     ----- WRITE CORRELATION MATRIX -----

      DO 72 I = 1,NP

   72 E(I) = DSQRT(DMAX1(D(I,I),1.D-20))

      DO 76 I = 1,NP

      DO 74 J = 1,I

   74 A(J,I) = D(J,I)/(E(I) * E(J))

   76 CONTINUE  

!

!     ----- CALCULATE R-SQUARED OF FITTED VS OBSERVED VALUES -----

   78 SUM = 0.0

      SUMY = 0.0

      SUMF = 0.0

      SUMY2 = 0.0

      SUMF2 = 0.0

      SUMYF = 0.0

      DO 80 I = 1,NOB

      SUM = SUM + W(I)

      SUMY = SUMY + Y(I) * W(I)

      SUMF = SUMF + F(I) * W(I)

      SUMY2 = SUMY2 + Y(I) **2 * W(I)

      SUMF2 = SUMF2 + F(I)**2 * W(I)

   80 SUMYF = SUMYF + Y(I) * F(I) * W(I)

      RSQ = (SUMYF-SUMY * SUMF/SUM)**2/ &

        ((SUMY2-SUMY**2/SUM) * (SUMF2-SUMF**2/SUM))

!

!     ----- CALCULATE 95% CONFIDENCE INTERVAL -----

      Z = 1./FLOAT(NOB-NP)

      SDEV = DSQRT(Z * SUMB)

      TVAR = 1.96 + Z * (2.3779+Z*(2.7135+Z*(3.187936 + 2.466666*Z**2)))

      DO 82 I = 1,NP

      SECOEF = E(I) * SDEV

      TVALUE = TH(I)/SECOEF

      TVALUE = DMIN1(TVALUE,999999.D0)

      TSEC = TVAR * SECOEF

      TMCOE = TH(I)-TSEC

82      TPCOE = TH(I) + TSEC

!

!     ----- GIVE FINAL OUTPUT -----

   83   SSQ1 = 0.0

      SSQ2 = 0.0

      SSQW1 = 0.0

      SSQW2 = 0.0

      DO 84 I = 1,NWC

      XLOG = DLOG10(DMAX1(1.D-5,X(I)))

      R(I) = Y(I)-F(I)

      SSQ1 = SSQ1 + R(I)**2

  84  SSQW1 = SSQW1 + (R(I) * W(I))**2

      IF(KWATER.EQ.1) GO TO 89

!

!     ----- WRITE CONDUCTIVITY OR DIFFUSIVITY DATA -----

      DO 88 I = NWC1,NOB

      R(I) = Y(I)-F(I)

      SSQ2 = SSQ2 + R(I)**2

      SSQW2 = SSQW2 + (R(I) * W(I))**2

      RLX = DLOG10(DMAX1(1.D-30,X(I)))

      RLY = DLOG10(DMAX1(1.D-30,Y(I)))

      RPZ = 10.**DMIN1(3.D1,Y(I))

      RLF = DLOG10(DMAX1(1.D-30,F(I)))

      RPF = 10.**DMIN1(3.D1,F(I))

   88 CONTINUE

   89 IF(MIT.EQ.0) GO TO 90

      SSQ = SSQ1 + SSQ2

      SSQW = SSQW1 + SSQW2

   90 CONTINUE

   94 CONTINUE 

      

      wcr = sngl(TH(8))

      SAT = sngl(TH(9))

      alphaVG_R = sngl(TH(10))

      nVG_R = sngl(TH(11))



      RETURN

      END SUBROUTINE RETC

      

      !-------------------------------------------------------------------------------

      SUBROUTINE MODEL_retc(B, &                          !Input

       Y, X, &                                            !Input & output

       NWC, NOB, MTYPE, METHOD, indx, &

       IOR)                                              !Output

!

!     PURPOSE: TO CALCULATE THE HYDRAULIC PROPERTIES

!

      IMPLICIT real*8 (A-H,O-Z)

      Double Precision B(14),Y(200),X(200),indx(7)

      K = 0

      IOR = 0

      DO 2 I = 8,14

      IF(indx(I-7).EQ.0) GO TO 2

      K = K + 1

      B(I) = B(K)

    2 CONTINUE

      WCR = B(8)

      WCS = B(9)

      ALPHA = B(10)

      IND = indx(1) + indx(2) + indx(3) + indx(4)

      IF(MTYPE.EQ.1.OR.MTYPE.EQ.3) B(11) = DMAX1(1.005D0,B(11))

      IF(MTYPE.EQ.3) B(12) = 1.-1./B(11)

      IF(MTYPE.EQ.2.OR.MTYPE.EQ.4) B(11) = DMAX1(2.005D0,B(11))

      IF(MTYPE.EQ.4) B(12) = 1.-2./B(11)

    4 IF(indx(4).EQ.1) B(IND) = B(11)

      RN = B(11)

      RM = B(12)

      EXPO = B(13)

      CONDS = B(14)

      RMN = RM * RN

      DLGA = DLOG10(ALPHA)

      RMT = FLOAT(MTYPE-2 * ((MTYPE-1)/2))

      IF(NOB.EQ.NWC) GO TO 12

!

!     -----CALCULATE COMPLETE BETA FUNCTION----- JZW we do not need

      IF(MTYPE.GT.2) GO TO 10

      AA = RM + RMT/RN

      BB = 1.-RMT/RN

      IF(BB.GT.0.004) GO TO 8

      IOR = 1

      GO TO 60

    8 BETA = GAMMA(AA) * GAMMA(BB)/GAMMA(RM + 1.) !JZW We should not use this

      WCL = DMAX1(2./(2. + RM),0.2D0)

      DLG1 = (3.0-RMT) * DLOG10(RN/(BETA * (RMN + RMT)))

   10 DLG2 = 3.0-RMT + EXPO + 2.0/RMN

      DLG3 = DLOG10(RMN * ALPHA * (WCS-WCR))

      DLG4 = DLOG10(CONDS)

      DLGC = -35.0

      DLGD = -35.0

!

!     ----- CALCULATE FUNCTIONAL VALUES Y(I) -----

   12 DO 54 I = 1,NOB

      IF(METHOD.EQ.3.OR.METHOD.EQ.4) GO TO 13

      IF(I.GT.NWC) GO TO 28

   13 AX = ALPHA * X(I)

      IF(AX.LT.1.D-20) GO TO 16

      EX = RN * DLOG10(AX)

      IF(MTYPE.LT.5) GO TO 14

      IF(AX.LE.1.) GO TO 16

      IF(EX.GT.10.) GO TO 20

      GO TO 22

   14 IF(EX.GT.-10.) GO TO 18

   16 RWC = 1.0

      GO TO 26

   18 IF(EX.LT.10.) GO TO 24

      EX = RM * EX

      IF(EX.LT.30.) GO TO 22

   20 RWC = 0.0

      GO TO 26

   22 RWC = AX**(-RM * RN)

      GO TO 26

   24 RWC = (1. + AX**RN)**(-RM)

   26 Y(I) = WCR + (WCS-WCR) * RWC

      IF(I.LE.NWC) GO TO 54

      GO TO 30

!

!     ----- CONDUCTIVITY DATA -----

   28 RWC = (X(I)-WCR)/(WCS-WCR)

   30 IF(RWC.GT.1.D-10) GO TO 31

      DLGC = -30

      DLGD = -30

      COND = 1.D-30

      DIF = 1.D-30

      GO TO 50

   31 IF(RWC.LT.0.999999D0) GO TO 32

      DLGC = DLG4

      COND = CONDS

      DLGD = 30.0

      DIF = 1.D30

      GO TO 50

   32 DLGW = DLOG10(RWC)

      DLGC = DLG2 * DLGW + DLG4

      DLGD = DLGC-DLG3-(RMN + 1) * DLGW/RMN

      IF(DLGC.LT.-30..OR.DLGW.LT.(-15. * RM)) GO TO 48

      IF(MTYPE.GT.4) GO TO 46

      DW = RWC**(1./RM)

      IF(MTYPE.GT.2) GO TO 42

!

!     ----- MTYPE = 1 OR 2 (VARIABLE M,N) -----

      IF(DW.GT.1.D-06) GO TO 34

      DLGC = DLGC + DLG1

      DLGD = DLGC-DLG3-(RMN + 1.) * DLGW/RMN

      GO TO 48

   34 IF(RWC-WCL) 36,36,38

   36 TERM = BINC(DW,AA,BB,BETA) !JZW we should not use this

      GO TO 44

   38 TERM = 1.-BINC(1.-DW,BB,AA,BETA)

      GO TO 44

!

!     ----- MTYPE = 3 OR 4 (RESTRICTED M,N) -----

   42 A = DMIN1(0.999999D0,DMAX1(1.D-7,1.-DW))

      TERM = 1.D0-A**RM

      IF(DW.LT.1.D-04) TERM = RM * DW * (1.-0.5 * (RM-1.) * DW)

   44 RELK = RWC**EXPO * TERM

      IF(RMT.LT.1.5) RELK = RELK * TERM

      DLGC = DLOG10(RELK) + DLG4

      DLGD = DLGC-DLG3-(RMN + 1.) * DLGW/RMN-(RN-1.) * DLOG10(1.-DW)/RN

      GO TO 48

!

!     ----- MTYPE = 5 OR 6 -----

   46 DLGD = DLG4-DLG3 + (2.0-RMT + EXPO + 1./RN) * DLGW

   48 DLGC = DMAX1(-30.D0,DLGC)

      DLGD = DMAX1(-30.D0,DLGD)

      DLGD = DMIN1(30.D0,DLGD)

      COND = 10.**DLGC

      DIF = 10.**DLGD

   50 IF(METHOD.EQ.1.OR.METHOD.EQ.3) Y(I) = COND

      IF(METHOD.EQ.2.OR.METHOD.EQ.4) Y(I) = DLGC

      IF(METHOD.EQ.5) Y(I) = DIF

      IF(METHOD.EQ.6) Y(I) = DLGD

 1000 FORMAT(I5,6D13.5)

   54 CONTINUE

   60 CONTINUE

      RETURN

      END SUBROUTINE MODEL_retc

      

      SUBROUTINE MATINV(A,NP,B)

      !TO INVERT THE MATRIX FOR PARAMETER ESTIMATION

      IMPLICIT real*8 (A-H,O-Z)

      Double Precision A(7,7),B(7),indx(7,2)

      DO 2 J = 1,7

    2 indx(J,1) = 0

      I = 0

    4 AMAX = -1.0

      DO 12 J = 1,NP

      IF(indx(J,1)) 12,6,12

    6 DO 10 K = 1,NP

      IF(indx(K,1)) 10,8,10

    8 P = ABS(A(J,K))

      IF(P.LE.AMAX) GO TO 10

      IR = J

      IC = K

      AMAX = P

   10 CONTINUE

   12 CONTINUE

      IF(AMAX) 30,30,14

   14 indx(IC,1) = IR

      IF(IR.EQ.IC) GO TO 18

      DO 16 L = 1,NP

      P = A(IR,L)

      A(IR,L) = A(IC,L)

   16 A(IC,L) = P

      P = B(IR)

      B(IR) = B(IC)

      B(IC) = P

      I = I + 1

      indx(I,2) = IC

   18 P = 1./A(IC,IC)

      A(IC,IC) = 1.0

      DO 20 L = 1,NP

   20 A(IC,L) = A(IC,L) * P

      B(IC) = B(IC) * P

      DO 24 K = 1,NP

      IF(K.EQ.IC) GO TO 24

      P = A(K,IC)

      A(K,IC) = 0.0

      DO 22 L = 1,NP

   22 A(K,L) = A(K,L)-A(IC,L) * P

      B(K) = B(K)-B(IC) * P

   24 CONTINUE

      GO TO 4

   26 IC = indx(I,2)

      IR = indx(IC,1)

      DO 28 K = 1,NP

      P = A(K,IR)

      A(K,IR) = A(K,IC)

   28 A(K,IC) = P

      I = I-1

   30 IF(I) 26,32,26

   32 RETURN

      END SUBROUTINE MATINV

      

      FUNCTION GAMMA(Z)

      !TO CALCULATE THE GAMMA FUNCTION FOR POSITIVE Z

      IMPLICIT real*8 (A-H,O-Z)

      IF(Z.LT.33.) GO TO 2

      GAMMA = 1.D36

      RETURN

    2 X = Z

      GAMMA = 1.0

      IF(X-2.0) 10,10,8

    6 IF(X-2.0) 14,14,8

    8 X = X-1.0

      GAMMA = GAMMA * X

      GO TO 6

   10 IF(X-1.0) 12,16,14

   12 GAMMA = GAMMA/X

      X = X + 1.0

   14 Y = X-1.0

      FY = 1.0-Y * (.5771017-Y * (.985854-Y * (.8764218- &

       Y * (.8328212-Y * (.5684729-Y * (.2548205-.0514993 * Y))))))

      GAMMA = GAMMA * FY

   16 RETURN

      END FUNCTION GAMMA

      

      FUNCTION BINC(X,A,B,BETA)

      !TO CALCULATE THE INCOMPLETE BETA-FUNCTION

      IMPLICIT real*8 (A-H,O-Z)

      DIMENSION T(200)

      DATA NT/10/

      NT1 = NT + 1

      T(1) = -(A + B) * X/(A + 1.0)

      DO 2 I = 2,NT,2

      Y = FLOAT(I/2)

      Y2 = FLOAT(I)

      T(I) = Y * (B-Y) * X/((A + Y2-1.0) * (A + Y2))

    2 T(I + 1) = -(A + Y) * (A + B + Y) * X/((A + Y2) * (A + Y2 + 1.0))

      BINC = 1.0

      DO 4 I = 1,NT

      K = NT1-I

    4 BINC = 1. + T(K)/BINC

      BINC = X**A * (1.-X)**B/(BINC * A * BETA)

      RETURN

      END FUNCTION BINC

      

      !-------------------------------------------------------------------------------

      SUBROUTINE TexturalAvg(SAND, SILT, CLAY,  &   !Input 

      thr, ths, he, Coarse, alpha, nvg, LL, DUL, ksat, Texture) !Output

      !calculates average soil parameters based on texture

      !SAND - sand content (%)

      !SILT - silt content (%)

      !CLAY - clay content (%)

      !thr - residual water content (cm3/cm3)

      !ths - saturation water content (cm3/cm3)

      !he - air entry tension (cm water)

      !Coarse - indicates if soil is of coarse texture

      !alpha - Van Genuchten alpha parameter (cm water -1)

      !nvg - Van Genuchten n parameter (unitless)

      !LL - soil lower limit water content (cm3/cm3)

      !DUL - soil drained upper limit water content (cm3/cm3)

      !ksat - soil saturated hydraulic conductivity (mm/hr)

      !texture - soil texture

      IMPLICIT NONE

      REAL :: SAND, SILT, CLAY, thr, ths, he

      LOGICAL :: Coarse

      REAL,OPTIONAL :: alpha, nvg, LL, DUL, ksat

      CHARACTER*12,OPTIONAL :: Texture

      

      !values from Rawls et al, 1982, Transactions of ASABE

      !alpha and n values from Rosetta Lite

      IF (SAND .GE. 85. .AND. SILT + 1.5 * CLAY .LE. 15.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Sand        '

        COARSE = .TRUE.

        thr=0.020

        ths=0.417

        he=7.26

        IF(PRESENT(alpha)) alpha=0.0353

        IF(PRESENT(nvg)) nvg=3.1798

        IF(PRESENT(DUL)) DUL=0.091

        IF(PRESENT(LL)) LL=0.033

        IF(PRESENT(ksat))ksat=210.0

      ELSEIF ((SAND .GE. 85. .AND. SAND .LT. 90. .AND. SILT + 1.5 * CLAY .GE. 15.) .OR. & 

             (SAND .GE. 70. .AND. SAND .LT. 85. .AND. SILT + 2.0 * CLAY .LE. 30.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'LoamySand   '

        COARSE = .TRUE.

        thr=0.035

        ths=0.401

        he=8.69

        IF(PRESENT(alpha)) alpha=0.0347

        IF(PRESENT(nvg)) nvg=1.7466

        IF(PRESENT(DUL)) DUL=0.125

        IF(PRESENT(LL)) LL=0.055

        IF(PRESENT(ksat))ksat=61.11

      ELSEIF ((CLAY .LE. 20. .AND. SAND .GE. 52. .AND. SILT + 2. * CLAY .GT. 30.) .OR. &

            (CLAY .LT. 7. .AND. SILT .LT. 50. .AND. SAND .GT. 43. .AND. SAND .LT. 52.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandyLoam   '

        COARSE = .TRUE.

        thr=0.041

        ths=0.412

        he=14.66

        IF(PRESENT(alpha)) alpha=0.0267

        IF(PRESENT(nvg)) nvg=1.4484

        IF(PRESENT(DUL)) DUL=0.207

        IF(PRESENT(LL)) LL=0.095

        IF(PRESENT(ksat))ksat=25.9

      ELSEIF (CLAY .GE. 7. .AND. CLAY .LE. 27. .AND. SILT .GE. 28. .AND. SILT .LT. 50. .AND. SAND .GE. 23. .AND. SAND .LT. 52.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Loam        '

        COARSE = .FALSE.

        thr=0.027

        ths=0.434

        he=11.15

        IF(PRESENT(alpha)) alpha=0.0111

        IF(PRESENT(nvg)) nvg=1.4737

        IF(PRESENT(DUL)) DUL=0.270

        IF(PRESENT(LL)) LL=0.117

        IF(PRESENT(ksat))ksat=13.2

      ELSEIF ((SILT .GE. 50. .AND. SILT .LE. 88. .AND. CLAY .GE. 12. .AND. CLAY .LE. 27.) .OR. &

             (SILT .GE. 50. .AND. SILT .LT. 80. .AND. CLAY .GE. 0. .AND. CLAY .LT. 12.)) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltyLoam   '

        COARSE = .FALSE.

        thr=0.015

        ths=0.486

        he=20.76

        IF(PRESENT(alpha)) alpha=0.0051

        IF(PRESENT(nvg)) nvg=1.6626

        IF(PRESENT(DUL)) DUL=0.330

        IF(PRESENT(LL)) LL=0.133

        IF(PRESENT(ksat))ksat=6.8

      ELSEIF (SILT .GE. 80. .AND. CLAY .LT. 12.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Silt        '

        COARSE = .FALSE.

        thr=0.015

        ths=0.486

        he=20.76

        IF(PRESENT(alpha)) alpha=0.0066

        IF(PRESENT(nvg)) nvg=1.6769

        IF(PRESENT(DUL)) DUL=0.330

        IF(PRESENT(LL)) LL=0.133

        IF(PRESENT(ksat))ksat=6.8

      ELSEIF (CLAY .GE. 20. .AND. CLAY .LT. 35. .AND. SILT .GE. 0.  .AND. SILT .LT. 28. .AND. SAND .GE. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandClayLoam'

        COARSE = .FALSE.

        thr=0.068

        ths=0.330

        he=28.08

        IF(PRESENT(alpha)) alpha=0.0211

        IF(PRESENT(nvg)) nvg=1.3298

        IF(PRESENT(DUL)) DUL=0.255

        IF(PRESENT(LL)) LL=0.148

        IF(PRESENT(ksat))ksat=4.3

      ELSEIF (CLAY .GE. 27. .AND. CLAY .LT. 40. .AND. SAND .GE. 20. .AND. SAND .LT. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'ClayLoam    '

        COARSE = .FALSE.

        thr=0.075

        ths=0.390

        he=25.89

        IF(PRESENT(alpha)) alpha=0.0158

        IF(PRESENT(nvg)) nvg=1.4145

        IF(PRESENT(DUL)) DUL=0.318

        IF(PRESENT(LL)) LL=0.197

        IF(PRESENT(ksat))ksat=2.3

      ELSEIF (CLAY .GE. 27. .AND. CLAY .LT. 40. .AND. SAND .GE. 0. .AND. SAND .LT. 20.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltClayLoam'

        COARSE = .FALSE.

        thr=0.040

        ths=0.432

        he=32.56

        IF(PRESENT(alpha)) alpha=0.0084

        IF(PRESENT(nvg)) nvg=1.5202

        IF(PRESENT(DUL)) DUL=0.366

        IF(PRESENT(LL)) LL=0.208

        IF(PRESENT(ksat))ksat=1.5

      ELSEIF (CLAY .GE. 35. .AND. SAND .GE. 45.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SandyClay   '

        COARSE = .FALSE.

        thr=0.109

        ths=0.321

        he=29.17

        IF(PRESENT(alpha)) alpha=0.0334

        IF(PRESENT(nvg)) nvg=1.2067

        IF(PRESENT(DUL)) DUL=0.339

        IF(PRESENT(LL)) LL=0.239

        IF(PRESENT(ksat))ksat=1.2

      ELSEIF (CLAY .GE. 40. .AND. SILT .GE. 40.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'SiltyClay   '

        COARSE = .FALSE.

        thr=0.056

        ths=0.423

        he=34.19

        IF(PRESENT(alpha)) alpha=0.0162

        IF(PRESENT(nvg)) nvg=1.3207

        IF(PRESENT(DUL)) DUL=0.387

        IF(PRESENT(LL)) LL=0.250

        IF(PRESENT(ksat))ksat=0.9

      ELSEIF (CLAY .GE. 40. .AND. SAND .LT. 45. .AND. SILT .LT. 40.) THEN

        IF(PRESENT(TEXTURE)) TEXTURE = 'Clay        '

        COARSE = .FALSE.

        thr=0.090

        ths=0.385

        he=37.30

        IF(PRESENT(alpha)) alpha=0.0150

        IF(PRESENT(nvg)) nvg=1.2529

        IF(PRESENT(DUL)) DUL=0.396

        IF(PRESENT(LL)) LL=0.272

        IF(PRESENT(ksat))ksat=0.6

      ELSE

        IF(PRESENT(TEXTURE)) TEXTURE = 'UNKOWN      '

        COARSE = .FALSE.

        thr=0.052

        ths=0.403

        he=22.70

        IF(PRESENT(alpha)) alpha=0.0158

        IF(PRESENT(nvg)) nvg=1.4145

        IF(PRESENT(DUL)) DUL=0.280

        IF(PRESENT(LL)) LL=0.159

        IF(PRESENT(ksat))ksat=29.8

      END IF

      

      RETURN

      END SUBROUTINE TexturalAvg

      

      !-------------------------------------------------------------------------------

      SUBROUTINE Retention(Coarse, LL, DUL, SAT, H_bub &   !Input 

      , TH, h)                                        !Output

      !calculates points along the soil water retention curve based on the soil properties

      !Coarse - if the soil is of coarse texture

      !LL - lower limit soil water content (cm3/cm3)

      !DUL - drained upper limit water content (cm3/cm3)

      !SAT - saturation water content (cm3/cm3)

      !H_bub - tension at air entry (cm water)

      !TH - water content (cm3/cm3)

      !h - tension (cm water)

      IMPLICIT NONE

      LOGICAL::Coarse

      INTEGER :: i,steps,bubSteps

      REAL :: Aparam, Bparam, tempStep, hDUL=33., H_bub, LL, DUL, SAT

      REAL,DIMENSION(:),ALLOCATABLE :: h, TH

      

      steps = CEILING( (SAT-LL)/0.005 )

      bubSteps = MAX( CEILING(steps*.05), 2 )

      ALLOCATE( h(steps+bubSteps), TH(steps+bubSteps) )

      

      !Relationships from Saxton and Rawls, 2006, SSSAJ

      IF (Coarse) hDUL=10.

      Bparam = (log(1500.) - log(hDUL)) / (log(DUL) - log(LL))

      Aparam = exp( log(hDUL) + ( Bparam * log(DUL) ) )

      

      tempStep = (SAT-LL)/steps

      DO i=1,steps

        TH(i) = LL + tempStep*(i-1)

        IF(TH(i) .LE. DUL)THEN

          h(i) = Aparam * ( TH(i) ** (- Bparam ) ) !1500 to hDUL (kPa)

        ELSE

          h(i) =hDUL-((TH(i) - DUL) * (hDUL- H_bub )/(SAT - DUL)) !hDUL to H_bub (kPa)

        END IF

      END DO

      

      !H_bub to hSat (kPa)

      tempStep = (H_bub-1)/bubSteps

      do i = steps+1, steps+bubSteps

         TH(i) = SAT

         h(i) = H_bub - tempStep*(i-steps)

      end do

      

      h = h*10.197 !convert from kPa to cm water

      

      RETURN

      END SUBROUTINE Retention

      

      END MODULE HPERC2_INIT
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    MODULE HPERC2_lib

    ! This module solves, flux, and tri solve the Richards eqn (RE) and the

    ! advection-dispersion eqn (ADE) for water in a soil

    ! profile for a specified period. Subroutine solve solves the RE in any 

    ! surface pond to solve the ADE. The basic reference for the methods is:

    ! Ross, P.J. 2003. Modeling soil water and solute transport - fast, simplified

    ! numerical solutions. Agron. J. 95:1352-1361.

!

! Copyright P.J. Ross 2001-2010

! Read the file "Terms of Use.doc" distributed with this software

!

    !USE numbers

    use PARM

    !USE hypvgvg ! set to required props module

    IMPLICIT NONE

    PRIVATE

    SAVE

    PUBLIC::botbc ! bottom boundary conditions

    PUBLIC::h0max,qprecmax,hbot ! boundary params

    PUBLIC::dSmax,dSmaxr,dtmax,dtmin,dsmmax,nwsteps ! solution parameters

    PUBLIC::solve ! solution routine

    PUBLIC::params,fvars ! derived types

    PUBLIC::gf,hmin,hdry,hjoin,drypwr,S1,par ! soil water parameters

    PUBLIC::nKv ! information

    PUBLIC::allo,hyofS,hyofh,Sofh,hypar,weight,deallo ! routines !temp cdj added deallo

    PUBLIC::fbd,dis,isotype,isopar ! soil solute parameters

    PUBLIC::solpar,setiso ! routines

    TYPE params

      REAL(FRK)::the,thre,hg,m,n,Kxm,p

      REAL(FRK)::he,Ke,KSe,phie,phiSe

      REAL(FRK)::hr1,hrS1,hp,hpwr

      REAL(FRK)::a0,a1,a2,b1

    END TYPE params

    TYPE fvars

      INTEGER::isat

      REAL(FRK)::h,phi,phiS,K,KS

    END TYPE fvars

    TYPE(params),DIMENSION(:),TARGET,ALLOCATABLE::par

    TYPE rapointer

      REAL(FRK),DIMENSION(:),POINTER::p

    END TYPE rapointer

    TYPE(rapointer),ALLOCATABLE::isopar(:,:)

    TYPE qa ! for quadratic approx to K(h) and phi(h)

      REAL(RKQA)::dh1,dh2

      INTEGER(IKQA)::mh1,mh2

      INTEGER(IKQA),DIMENSION(:),POINTER::nh

      REAL(RKQA),DIMENSION(:),POINTER::K,phi

    END TYPE qa

    TYPE qparams ! quadratic params

    ! quad approx for K is Kv(i)+a1*z+a2*z**2 where Kv is array of stored K values

    ! and z=(h-x0)*rdx (0<=z<=1)

      INTEGER::i

      REAL(FRK)::x0,rdx,a1,a2

    END TYPE qparams

    TYPE(qa),DIMENSION(:),TARGET,ALLOCATABLE::fun

    TYPE dryparams ! for near-dry water retention and condy

      REAL(FRK)::Sjoin,Kjoin,phijoin

    END TYPE dryparams

    TYPE dryparamsptr

      TYPE(dryparams),POINTER::p ! to a set of params

    END TYPE dryparamsptr

    TYPE(dryparamsptr),DIMENSION(:),ALLOCATABLE::drypar ! ptr for each prop type

    

    INTEGER,PARAMETER::drypwr=2

    REAL(FRK),PARAMETER::hjoin=-1.5e4_frk,hdry=-1.0e7_frk

    REAL(FRK),PARAMETER::drycS=-6.502290170873973_frk ! ln(hjoin/hdry)

    REAL(FRK),PARAMETER::dryc1=(-hjoin)**(-drypwr),dryc2=(-hdry)**(-drypwr)

    REAL(FRK),PARAMETER::drycK=one/(dryc1-dryc2),dryc3=one/(one-drypwr)

    REAL(FRK),PARAMETER::dryc4=hjoin*(dryc3*dryc1-dryc2)

    REAL(FRK),PARAMETER::S1=0.99_frk

    REAL(FRK),PARAMETER::Rmac1=0.25_frk,hmac1=-4.0_frk,hmac2=-40.0_frk

    REAL(FRK),PARAMETER::rerrK=0.01_frk

    INTEGER::nKv=0

    REAL(FRK)::gf=1.0_frk,hmin=-1.0e12_frk

    CHARACTER(LEN=2),DIMENSION(:,:),ALLOCATABLE::isotype

    REAL(FRK),ALLOCATABLE::fbd(:),dis(:)



    REAL(FRK),PARAMETER::dSfac=1.25_frk,dpmaxr=0.5_frk,h0min=-0.02_frk, &

      Smax=1.001_frk,dh0max=0.01_frk

    CHARACTER(LEN=20)::botbc="free drainage"

    INTEGER::nwsteps=10

    REAL(FRK)::h0max=1.0e10_frk,qprecmax=1.0e10_frk,hbot=0.0_frk

    REAL(FRK)::dSmax=0.05_frk,dSmaxr=0.5_frk,dtmax=1.0e10_frk,dtmin=0.0_frk,dsmmax=1.0_frk

    REAL(FRK),PARAMETER::third=1.0_frk/3.0_frk,sixth=1.0_frk/6.0_frk

    INTEGER::nless,nitsi

    !

    ! Definitions of public entities and private parameters (see above for default

    ! values):

    ! botbc    - bottom boundary condn for water; "constant head", "free drainage",

    !            "seepage", or "zero flux". Constant head means that matric head h

    !            is specified. Free drainage means zero gradient of matric head,

    !            i.e. unit hydraulic gradient. Seepage means zero flux when the

    !            matric head is below zero and an upper limit of zero for the head.

    ! h0max    - max pond depth allowed before runoff.

    ! qprecmax - max precipitation (or water input) rate (cm/h) for use with ponded

    !            constant head infiltration. If qprec > qprecmax then actual input

    !            rate is taken to be equal to infiltration plus evaporation rates.

    ! hbot     - matric head at bottom of profile when botbc set to "constant head".

    ! dSmax    - max change in S (the "effective saturation") of any unsaturated

    !            layer to aim for each time step; controls time step size.

    ! dSmaxr   - maximum negative relative change in S each time step. This

    !            parameter helps avoid very small or negative S.

    ! dtmax    - max time step allowed.

    ! dsmmax   - max solute change per time step (see dSmax); user should set this

    !            according to solute units used. Units for different solutes can be

    !            scaled by the user (e.g. to an expected max of around 1.0).

    ! nwsteps  - the solute routine is called every nwsteps of the RE solution.

    ! dSfac    - a change in S of up to dSfac*dSmax is accepted.

    ! dpmaxr   - relative change in matric flux potential (MFP) phi that is

    !            accepted for convergence when finding head h at soil interfaces.

    ! h0min    - min (negative) value for surface pond when it empties.

    ! Smax     - max value for layer saturation to allow some overshoot.

    ! dh0max   - allowable overshoot when pond reaches max allowed depth.

    ! solve    - sub to call to solve RE and ADE.

    !

    ! params      - type for water parameters. Params the, thre (=the-thr), hg, m,

    !               n, Kx and eta are for the vG and BC functions. he, Ke, KSe,

    !               phie and phiSe are values of variables h, K, KS, phi and phiS at

    !               saturation (denoted by the "e" for "air entry"), needed by

    !               module flow (MF). hr1 and hrS1 are values of h and hS at the

    !               saturation S1, above which a quadratic h(S) is used. bab is a

    !               parameter for the imcomplete beta function and hpwr is a head

    !               below which the vG retention is approximately a power law, for

    !               use in getting the gravity flow conductivity weighting w.

    ! fvars        - type for water variables used by MF and returned by subroutine

    !               hyofS (except for isat, which is 0 for unsaturated layers and 1

    !               for saturated layers).

    ! gf          - gravity factor for flow direction (usually 1 for straight down).

    ! hmin        - minimum matric head h (used by MF).

    ! hdry        - head at zero water content.

    ! hjoin       - head at which optional dry soil logarithmic water retention

    !               function joins vG function.

    ! drypwr      - power in conductivity function used with logarithmic retention.

    ! S1          - saturation above which a quadratic h(S) is used.

    ! par(:)      - hydraulic property params for soil types (also used by MF).

    ! nKv         - no. of stored K values for quadratic approx of K and the MFP

    !               phi. There are also approx nKv/2 stored phi values.

    ! allo        - subroutine to allocate parameter storage.

    ! hyofS       - subroutine to get water variable from saturation S (where S<1).

    ! hyofh       - subroutine to get some water variables from h.

    ! Sofh        - subroutine to get S from h.

    ! hypar       - subroutine to set soil hydraulic params.

    ! weight      - subroutine to get gravity flow conductivity weight w.

    ! fbd(:)       - bulk densities for soil types (used by MF).

    ! dis(:)      - dispersivities for soil types (used by MF).

    ! isotype(:)  - adsorption isotherm code for soil types (used by MF).

    ! isopar(:,:) - adsorption isotherm params for soil types (used by MF).

    ! solpar      - subroutine to set soil solute params.

    ! setiso      - subroutine to set soil solute isotherm type and params.

    ! Definitions of private parameters:

    ! dryc%  - parameters for dry soil wrc and K.

    ! Rmac   - value of SvG R factor at hmac1.

    ! hmac1  - value where SvG exponential "macropore" K starts.

    ! hmac2  - value where SvG non-exp "macropore" K starts.

    ! rerrK  - relative error for quadratic approx of K and MFP phi from hmac1 to

    !          min(hmac2,hg). This can be increased to reduce storage but accuracy

    !          of K and phi will be affected. Reducing it will increase accuracy.



    CONTAINS

    ! The subroutines solve, flux, and tri solve the Richards eqn (RE) and the

    ! advection-dispersion eqn (ADE) for water in a soil

    ! profile for a specified period. Subroutine solve solves the RE in any 

    ! surface pond to solve the ADE. The basic reference for the methods is:

    ! Ross, P.J. 2003. Modeling soil water and solute transport - fast, simplified

    ! numerical solutions. Agron. J. 95:1352-1361.



    !***********************************************************************************

    !***********************************************************************************

    

    SUBROUTINE solve(ts,tfin,qprec,qevap,n,nsol,dx,jt,h0,S,evap,runoff,infil,drn, &

      prk,nsteps,SUCCESS,heads,wex,cin,c0,sm,soff,sinfil,sdrn,nssteps)

    !***********************************************************************************

    !***********************************************************************************



    

    IMPLICIT NONE

    INTEGER,INTENT(IN)::n,nsol,jt(n)

    REAL(FRK),INTENT(IN)::ts,tfin,qprec,qevap,dx(n)!,ET(n)

    INTEGER,INTENT(INOUT)::nsteps

    LOGICAL,INTENT(OUT),OPTIONAL::success !temp cdj

    REAL(FRK),INTENT(INOUT)::h0,S(n),evap,runoff,infil,drn

    REAL(FRK),INTENT(IN),OPTIONAL::cin(nsol)

    INTEGER,INTENT(INOUT),OPTIONAL::nssteps(nsol)

    REAL(FRK),INTENT(INOUT),OPTIONAL::wex(n),c0(nsol),sm(n,nsol),soff(nsol), &

      sinfil(nsol),sdrn(nsol)

    REAL(FRK),INTENT(OUT),OPTIONAL::heads(n)

    REAL(FRK),INTENT(OUT)::prk(1:n) !temp cdj

    REAL(FRK)::calcPrk(0:n) !temp cdj

    ! Solves the RE and, optionally, the ADE from time ts to tfin.

    ! Definitions of arguments:

    ! Required args:

    ! ts      - start time (h).

    ! tfin    - finish time.

    ! qprec   - precipitation (or water input) rate (fluxes are in cm/h).

    ! qevap   - potl evaporation rate from soil surface.

    ! n       - no. of soil layers.

    ! nsol    - no. of solutes.

    ! dx(1:n) - layer thicknesses.

    ! jt(1:n) - layer soil type nos.

    ! h0      - surface head, equal to depth of surface pond.

    ! S(1:n)  - degree of saturation ("effective satn") of layers.

    ! evap    - cumulative evaporation from soil surface (cm, not initialised).

    ! runoff  - cumulative runoff.

    ! infil   - cumulative net infiltration (time integral of flux across surface).

    ! drn     - cumulative net drainage (time integral of flux across bottom).

    ! nsteps  - cumulative no. of time steps for RE soln.

    ! Optional args:

    ! heads(1:n)      - matric heads h of layers at finish.

    ! qexsub          - subroutine to get layer water extraction rates (cm/h) by

    !                   plants. Note that there is no solute extraction and osmotic

    !                   effects due to solute are ignored. Arguments:

    !                   jt(1:n) - layer soil type nos; h(1:n) - layer matric heads;

    !                   qex(1:n) - layer extraction rates; qexh(1:n) - partial

    !                   derivs of qex wrt h.

    ! wex(1:n)        - cumulative water extraction from layers.

    ! cin(1:nsol)     - solute concns in water input (user's units/cc).

    ! c0(1:nsol)      - solute concns in surface pond.

    ! sm(1:n,1:nsol)  - solute (mass) concns in layers.

    ! soff(1:nsol)    - cumulative solute runoff (user's units).

    ! sinfil(1:nsol)  - cumulative solute infiltration.

    ! sdrn(1:nsol)    - cumulative solute drainage.

    ! nssteps(1:nsol) - cumulative no. of time steps for ADE soln.

    LOGICAL again,getq0,getqn,init,initpond,maxpond

    INTEGER::i,iflux,ih0,iok,itmp,j,ns,nsat,nsatlast,nsteps0

    REAL(FRK)::accel,dmax,dt,dwinfil,dwoff,fac,infili,Khmin1,Kmin1,phimin1,phip, &

      qpme,qprec1,rsig,rsigdt,sig,t,ti,win

    REAL(FRK),DIMENSION(1)::Sbot

    REAL(FRK),DIMENSION(n-1)::dz

    REAL(FRK),DIMENSION(n)::hint,phimin,qex,qexd

    REAL(FRK),DIMENSION(n)::thi,thf

    REAL(FRK),DIMENSION(0:n)::aa,bb,cc,dd,dy,ee,q,qya,qyb

    REAL(FRK),DIMENSION(nsol)::cav,sinfili

    REAL(FRK),DIMENSION(n,nsol)::c

    TYPE(fvars)::vtop,vbot

    TYPE(fvars)::vcall(1)

    TYPE(fvars),DIMENSION(n),TARGET::var

    TYPE(fvars),POINTER::v

    TYPE(params),POINTER::p

    ! The derived types params and fvars hold soil water parameters and variables.

    ! Parameter names often end in e, which loosely denotes "air entry", i.e.,

    ! values at h=he. While values of water content th and hydraulic conductivity K

    ! at h=he are equal to those at saturation, the derivs wrt S are nonzero. The

    ! MFP phi for h>he is given by phi=phie+Ke*(h-he). The saturation status of a

    ! layer is stored as 0 or 1 in isat since S may be >1 (because of previous

    ! overshoot) when a layer desaturates. Fluxes at the beginning of a time step

    ! and their partial derivs wrt S or phi of upper and lower layers or boundaries

    ! are stored in q, qya and qyb.

    calcPrk=0. !temp cdj

    j=jt(1); p=>par(j)

    phip=max(p%phie-p%he*p%Ke,1.00001_frk*p%phie) ! phi at h=0

    ! get K, Kh and phi at hmin (hmin is smallest h, stored in hyprops)

    call hyofh(hmin,j,Kmin1,Khmin1,phimin1)

    dz=half*(dx(1:n-1)+dx(2:n)) ! flow paths

    !----- set up for boundary conditions

      getq0=.true.

      getqn=.false.

      if (botbc=="constant head") then ! h at bottom bdry specified

        getqn=.true.

        j=jt(n); p=>par(j)

        if (hbot<p%he) then

          Sbot(1)=Sofh(hbot,j)

          call hyofS(Sbot,1,(/j/),vcall)

          vbot=vcall(1)

          vbot%isat=0

        else

          vbot=fvars(1,hbot,(hbot-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

        end if

      end if

    !----- end set up for boundary conditions

    !----- initialise

      t=ts; nsteps0=nsteps; nsat=0

      ! initialise saturated regions

      var%isat=0

      where (S>=one)

        var%phi=par(jt)%phie; var%K=par(jt)%Ke

        var%isat=1

      end where

      if (nsol>0) then

        ! set solute info

        thi=par(jt)%the-par(jt)%thre*(one-S) ! initial th (note: thre=the-thr)

        ti=t; infili=infil; sinfili=sinfil

        if (h0>zero.and.count(c0/=cin)>0) then

          initpond=.true. ! initial pond with different solute concn

        else

          initpond=.false.

        end if

        c=zero ! temp storage for soln concns

      end if

    !----- end initialise

    !----- solve until tfin

      do while (t<tfin)

        !----- take next time step

          do iflux=1,2 ! sometimes need twice to adjust phi at satn

            if (nsteps==nsteps0.and.iflux==1) then

              init=.true. ! flag to initialise h at soil interfaces

            else

              init=.false.

            end if

            nsatlast=nsat ! for detecting onset of profile saturation

            nsat=sum(var%isat) ! no. of sat layers

            sig=half; IF (nsat/=0) sig=one ! time weighting sigma

            rsig=one/sig

            ! update variables

            if (iflux==1) call hyofS(S,n,jt,var) ! for layers where S<1

            ! phi is solution var at satn, so h calc from phi where S>=1

            where (S>=one) var%h=par(jt)%he+(var%phi-par(jt)%phie)/par(jt)%Ke

    !        do i=1,8

    !          if(s(i)>=0.98) print*,s(i) !temp cdj delme !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

    !        end do

            !----- get fluxes and derivs

              ! get surface condition

              p=>par(jt(1))

              if (var(1)%phi<=phip.and.h0<=zero.and.nsat<n) then ! no ponding

                ns=1 ! start index for eqns

                vtop=fvars(0,hmin,phimin1,zero,Kmin1,zero) ! fvars at soil surface

              else ! ponding

                ns=0

                vtop=fvars(1,h0,(h0-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

              end if

              ! get bottom bdry condn

              if (botbc=="seepage") then

                if (var(n)%h>-half*gf*dx(n)) then

                  getqn=.true.

                  p=>par(jt(n))

                  vbot=fvars(1,zero,(zero-p%he)*p%Ke+p%phie,zero,p%Ke,zero)

                else

                  getqn=.false.

                end if

              end if

              ! get fluxes

              call getfluxes(n,jt,dx,dz,vtop,vbot,var,hint,phimin,q,qya,qyb, &

                iflux,init,getq0,getqn,SUCCESS)

              !IF(success==.FALSE.) RETURN !temp cdj - exit solve subroutine

              ! adjust for top and bottom bdry condns

              qpme=qprec-qevap ! input rate at saturation

              qprec1=qprec ! may change qprec1 to maintain pond if required

              if (ns==1) then

                if (q(0)<qpme) then

                  q(0)=qpme; qyb(0)=zero

                end if

                ! correction 10/2/2010

                maxpond=.false.

              else

                if (h0>=h0max.and.qpme>q(0)) then

                  maxpond=.true.

                  ns=1

                else

                  maxpond=.false.

                  ! change qya(0) from dq/dphi (returned by getfluxes) to dq/dh

                  qya(0)=par(jt(1))%Ke*qya(0)

                end if

              end if

              if (botbc/="constant head") then

                select case (botbc)

                  case ("zero flux")

                    q(n)=zero

                    qya(n)=zero

                  case ("free drainage")

                    v=>var(n)

                    q(n)=gf*v%K

                    if (v%isat==0) then

                      qya(n)=gf*v%KS

                    else

                      qya(n)=zero

                    end if

                  case ("seepage")

                    if (var(n)%h<=-half*gf*dx(n)) then

                      q(n)=zero

                      qya(n)=zero

                    end if

                  case default

                    write (*,*) "solve: illegal bottom boundary condn"

                    PAUSE

                end select

              end if

              again=.false. ! flag for recalcn of fluxes

            !----- end get fluxes and derivs

            !----- estimate time step dt

              dmax=zero

              thf=zero ! use thf as temp storage

              where (var%isat==0) thf=abs(q(1:n)-q(0:n-1))/(par(jt)%thre*dx)

              dmax=maxval(thf) ! max derivative |dS/dt|

              if (dmax>zero) then

                dt=dSmax/dmax

                ! if pond going adjust dt

                if (h0>zero.and.(q(0)-qpme)*dt>h0) dt=(h0-half*h0min)/(q(0)-qpme)

              else ! steady state flow

                if (qpme>=q(n)) then

                  ! step to finish

                  dt=tfin-t

                else

                  dt=-(h0-half*h0min)/(qpme-q(n)) ! pond going so adjust dt

                end if

              end if

              if (dt>dtmax) dt=dtmax ! user's limit

              ! if initial step, improve phi where S>=1

              if (nsteps==nsteps0.and.nsat>0.and.iflux==1) then

                again=.true.

                dt=1.0e-20*(tfin-ts)

              end if

              if (nsat==n.and.nsatlast<n.and.iflux==1) then

                ! profile has just become saturated so adjust phi values

                again=.true.

                dt=1.0e-20*(tfin-ts)

              end if

              if (t+1.1*dt>tfin) then ! step to finish

                dt=tfin-t

                t=tfin

              else

                t=t+dt ! tentative update

              end if

            !----- end estimate time step dt

            !----- get and solve eqns

              rsigdt=one/(sig*dt)

              ! aa, bb, cc and dd hold coeffs and rhs of tridiag eqn set

              aa(ns+1:n)=qya(ns:n-1); cc(ns:n-1)=-qyb(ns:n-1)

              dd(1:n)=-(q(0:n-1)-q(1:n))*rsig

              iok=0 ! flag for time step test

              itmp=0 ! counter to abort if not getting solution

              do while (iok==0) ! keep reducing time step until all ok

                itmp=itmp+1

                accel=one-0.05_frk*min(10,max(0,itmp-4)) ! acceleration

                if (itmp>50) then

                  write (*,*) "solve: too many iterations of equation solution"

                  STOP

                end if

                if (ns<1) then

                  bb(0)=-qya(0)-rsigdt

                  dd(0)=-(qpme-q(0))*rsig

                end if

                where (var%isat==0) bb(1:n)=qyb(0:n-1)-qya(1:n)- &

                par(jt)%thre*dx*rsigdt

                where (var%isat/=0) bb(1:n)=qyb(0:n-1)-qya(1:n)

                call tri(ns,n,aa,bb,cc,dd,ee,dy)

                ! dy contains dS or, for sat layers, dphi values

                iok=1

                if (.not.again) then

                  ! check if time step ok, if not then set fac to make it less

                  iok=1

                  do i=1,n

                    if (var(i)%isat==0) then ! check change in S

                      if (abs(dy(i))>dSfac*dSmax) then

                        fac=max(half,accel*abs(dSmax/dy(i))); iok=0; exit

                      end if

                      if (-dy(i)>dSmaxr*S(i)) then

                        fac=max(half,accel*dSmaxr*S(i)/(-dSfac*dy(i))); iok=0; exit

                      end if

                      if (S(i)<one.and.S(i)+dy(i)>Smax) then

                        fac=accel*(half*(one+Smax)-S(i))/dy(i); iok=0; exit

                      end if

                      if (S(i)>=one.and.dy(i)>half*(Smax-one)) then

                        fac=0.25*(Smax-one)/dy(i); iok=0; exit

                      end if

                    end if

                  end do

                  if (iok==1.and.ns<1.and.h0<h0max.and.h0+dy(0)>h0max+dh0max) then

                    ! start of runoff

                    fac=(h0max+half*dh0max-h0)/dy(0); iok=0

                  end if

                  if (iok==1.and.ns<1.and.h0>zero.and.h0+dy(0)<h0min) then

                    ! pond going

                    fac=-(h0-half*h0min)/dy(0); iok=0

                  end if

                  if (iok==0) then ! reduce time step

                    t=t-dt; dt=fac*dt; t=t+dt; rsigdt=1./(sig*dt)

                    nless=nless+1 ! count step size reductions

                  end if

                  v=>var(1)

                  if (v%isat/=0.and.iflux==1.and.v%phi<phip.and. &

                    v%phi+dy(1)>phip) then

                    ! incipient ponding - adjust state of saturated regions

                    t=t-dt; dt=1.0e-20*(tfin-ts); rsigdt=1./(sig*dt)

                    again=.true.; iok=0

                  end if

                end if

              end do

            !----- end get and solve eqns

            !----- update unknowns

              ih0=0

              if (.not.again) then

                dwoff=zero

                if (ns<1) then

                  h0=h0+dy(0)

                  if (h0<zero.and.dy(0)<zero) ih0=1 ! pond gone

                  evap=evap+qevap*dt

                  ! note that fluxes required are q at sigma of time step

                  dwinfil=(q(0)+sig*(qya(0)*dy(0)+qyb(0)*dy(1)))*dt

                else

                  dwinfil=(q(0)+sig*qyb(0)*dy(1))*dt

                  if (maxpond) then

                    evap=evap+qevap*dt

                    if (qprec>qprecmax) then ! set input to maintain pond

                      qpme=(q(0)+sig*qyb(0)*dy(1))

                      qprec1=qpme+qevap

                      dwoff=zero

                    else

                      dwoff=qpme*dt-dwinfil

                    end if

                    runoff=runoff+dwoff

                  else

                    evap=evap+qprec1*dt-dwinfil

                  end if

                end if

                infil=infil+dwinfil

                if (nsol>0) then ! get surface solute balance

                  if (initpond) then ! pond concn /= cin

                    if (h0>zero) then

                      if (ns==1) dy(0)=zero ! if max pond depth

                      cav=((two*h0-dy(0))*c0+qprec1*dt*cin)/(two*h0+dwoff+dwinfil)

                      c0=two*cav-c0

                    else

                      cav=((h0-dy(0))*c0+qprec1*dt*cin)/(dwoff+dwinfil)

                      initpond=.false. ! pond gone

                      c0=cin ! for output if any pond at end

                    end if

                    soff=soff+dwoff*cav

                    sinfil=sinfil+dwinfil*cav

                  else

                    soff=soff+dwoff*cin

                    sinfil=sinfil+(qprec1*dt-dwoff)*cin

                  end if

                end if

                if (botbc=="constant head") then

                  drn=drn+(q(n)+sig*qya(n)*dy(n))*dt

                else

                  drn=drn+(q(n)+sig*qya(n)*dy(n))*dt

                end if

                !begin temp cdj

                calcPrk=calcPrk+(q+sig*qya*dy)*dt

                !end temp cdj

                if (present(wex)) then

                  where (var%isat==0) wex=wex+(qex+sig*qexd*dy(1:n))*dt

                end if

              end if

              do i=1,n

                j=jt(i); p=>par(j); v=>var(i)

                if (v%isat==0) then

                  if (.not.again) then

                    S(i)=S(i)+dy(i)

                    if (S(i)>one.and.dy(i)>zero) then ! saturation of layer

                      v%isat=1; v%K=p%Ke; v%phi=p%phie

                    end if

                  end if

                else

                  v%phi=v%phi+dy(i)

                  if (i==1.and.ih0/=0.and.v%phi>=p%phie) v%phi=0. ! pond gone

                  if (v%phi<p%phie) then ! desaturation of layer

                    v%isat=0; v%K=p%Ke; v%phi=p%phie

                    v%KS=p%KSe; v%phiS=p%phiSe

                  end if

                end if

              end do

            !----- end update unknowns

            if (.not.again) exit

          end do

          if (dt<=dtmin) then

            write (2,*) "solve: time step = ",dt

            PAUSE

          end if

        !----- end take next time step

        ! remove negative h0 (optional)

        if (h0<zero.and.var(1)%isat==0) then

          infil=infil+h0

          S(1)=S(1)+h0/(par(jt(1))%thre*dx(1)); h0=zero

        end if

        nsteps=nsteps+1

      end do

    !----- end solve until tfin

    ! get heads if required

    if (present(heads)) then

      call hyofS(S,n,jt,var)

      heads=var%h

      where (S>=one) heads=par(jt)%he+(var%phi-par(jt)%phie)/par(jt)%Ke

    end if

    !begin temp cdj

    DO j=1,n

      prk(j)=calcPrk(j)

    END DO

    !end temp cdj

    !thOut=thf

    CONTAINS

    END SUBROUTINE solve

    SUBROUTINE getfluxes(n,jt,dx,dz,vtop,vbot,var,hint,phimin,q,qya,qyb, &

      iflux,init,getq0,getqn,SUCCESS)

    IMPLICIT NONE

    LOGICAL,INTENT(IN)::init,getq0,getqn

    INTEGER,INTENT(IN)::n,jt(n),iflux

    REAL(FRK),INTENT(IN)::dx(n),dz(n-1)

    TYPE(fvars),INTENT(IN)::vtop,vbot

    TYPE(fvars),TARGET,INTENT(IN)::var(n)

    REAL(FRK),INTENT(INOUT)::hint(n),phimin(n)

    REAL(FRK),INTENT(OUT)::q(0:n),qya(0:n),qyb(0:n)

    LOGICAL,INTENT(OUT)::success !temp cdj

    ! Gets fluxes q and partial derivs qya, qyb wrt S (if unsat) or phi (if sat).

    ! Fluxes at top and bottom of profile, and fluxes due to plant extraction of

    ! water are included.

    ! Definitions of arguments:

    ! n           - no. of soil layers.

    ! jt(1:n)     - layer soil type nos.

    ! dx(1:n)     - layer thicknesses.

    ! dz(1:n-1)   - distances between layer centres.

    ! vtop        - water fvars at soil surface.

    ! vbot        - water fvars at bottom of profile.

    ! var(1:n)    - water fvars at layer centres.

    ! hint(1:n)   - values of h at interfaces are stored sequentially in hint.

    ! phimin(1:n) - similarly for phi at hmin in layers above interfaces.

    ! q(0:n)      - fluxes; q(i), i=1,...,n-1 is flux from layer i to layer i+1.

    !               q(0) is surface flux and q(n) is flux at bottom of profile.

    ! qya(0:n)    - partial deriv of q(i), i=0,...,n, wrt the variable to be solved

    !               for (S, phi or h) at upper end of flow path.

    ! qyb(0:n)    - ditto for var at lower end.

    ! iflux       - if iflux/=1, get only fluxes involving sat layers.

    ! init        - true if hint and phimin to be initialised.

    ! getq0       - true if q(0) required.

    ! getqn       - true if q(n) required.

    LOGICAL flag,limit

    INTEGER::i,itmp,j,l,m

    REAL(FRK)::dphii1,dhi,h1,h2,hi,Khi1,Khi2,phii1,q2,qya2,qyb2,y,y1,y2

    TYPE(params),POINTER::p,pm

    TYPE(fvars)::vi1,vi2

    TYPE(fvars),POINTER::v,vp

    v=>var(1)

    if (iflux==1.or.v%isat/=0) then ! get top flux if required

      if (getq0) then

        call flux(jt(1),vtop,v,half*dx(1),q(0),qya(0),qyb(0))

      end if

    end if

    ! get other fluxes

    l=0



    do i=1,n-1

      j=jt(i); p=>par(j)

      v=>var(i); vp=>var(i+1)

      if (iflux==1.or.v%isat/=0.or.vp%isat/=0) then ! get flux

        if (j==jt(i+1)) then ! same soil type, no interface

          call flux(j,v,vp,dz(i),q(i),qya(i),qyb(i))

        else ! interface

          l=l+1; m=jt(i+1); pm=>par(m)

          if (init) then ! initialise

            call hyofh(hmin,j,vi1%K,Khi1,phimin(l)) ! get phi at hmin

            h1=v%h; h2=vp%h

            y1=v%K*dx(i+1); y2=vp%K*dx(i)

            ! equate fluxes (K constant) to get initial estimate of h at interface

            hint(l)=(y1*h1+y2*h2+half*gf*(v%K-vp%K)*dx(i)*dx(i+1))/(y1+y2)

          end if

          hi=hint(l)

          flag=.true.; itmp=0

          ! iterate to get hi at interface for equal fluxes using Newton's method

          ! get dphii1 at interface in upper layer, because of better linearity,

          ! then convert to dhi

          do while (flag)

            itmp=itmp+1

            if (itmp>100) then

              write (*,*) "getfluxes: too many iterations finding interface h"

              success=.FALSE. !temp cdj

              STOP

            end if

            if (hi<p%he) then

              vi1%isat=0

              call hyofh(hi,j,vi1%K,Khi1,phii1)

              vi1%KS=Khi1/vi1%K ! use dK/dphi, not dK/dS

            else

              vi1%isat=1

              vi1%K=p%Ke; phii1=p%phie+(hi-p%he)*p%Ke; vi1%KS=zero

            end if

            vi1%h=hi; vi1%phi=phii1; vi1%phiS=one ! use dphi/dphi not dphi/dS

            call flux(j,v,vi1,half*dx(i),q(i),qya(i),qyb(i))

            if (hi<pm%he) then

              vi2%isat=0

              call hyofh(hi,m,vi2%K,Khi2,vi2%phi)

              vi2%KS=Khi2/vi2%K ! dK/dphi

            else

              vi2%isat=1; vi2%K=pm%Ke; vi2%phi=pm%phie+(hi-pm%he)*pm%Ke

            end if

            vi2%h=hi; vi2%phiS=one ! dphi/dphi

            call flux(m,vi2,vp,half*dx(i+1),q2,qya2,qyb2)

            qya2=qya2*vi2%K/vi1%K ! partial deriv wrt phii1

            ! adjust for equal fluxes

            dphii1=-(q(i)-q2)/(qyb(i)-qya2)

            limit=.false.

            if (phii1+dphii1<=phimin(l)) then ! out of range

              limit=.true.; dphii1=-half*(phii1-phimin(l))

            end if

            phii1=phii1+dphii1

            dhi=dphii1/(vi1%K+half*vi1%KS*dphii1) ! 2nd order Pade approx

            if (-vi1%KS*dphii1>1.5*vi1%K) then ! use 1st order approx for dhi

              dhi=dphii1/vi1%K

            end if

            hi=hi+dhi

            IF(HI<-999990.)FLAG=.FALSE.

            ! check for convergence - dphi/(mean phi)<=dpmaxr

            if (limit.or.abs(dphii1/(phii1-half*dphii1))>dpmaxr) then

              nitsi=nitsi+1 ! accumulate no. of interface its

            else

              flag=.false.

            end if

          end do

          q(i)=q(i)+qyb(i)*dphii1

          hint(l)=hi

          ! adjust derivs

          y=1./(qya2-qyb(i))

          qya(i)=qya(i)*qya2*y; qyb(i)=-qyb2*qyb(i)*y

        end if

      end if

    end do

    v=>var(n)

    if (iflux==1.or.v%isat/=0) then ! get bottom flux if required

      if (getqn) then

        call flux(jt(n),v,vbot,half*dx(n),q(n),qya(n),qyb(n))

      end if

    end if

      END SUBROUTINE getfluxes



    SUBROUTINE flux(j,v1,v2,dz,q,qya,qyb)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::dz

    REAL(FRK),INTENT(OUT)::q,qya,qyb

    TYPE(fvars),INTENT(IN)::v1,v2

    ! Gets flux and partial derivs for specified flow path.

    ! Definitions of arguments:

    ! j   - soil type no.

    ! v1  - water fvars at upper end of path.

    ! v2  - ditto at lower end.

    ! dz  - length of path.

    ! q   - flux.

    ! qya - partial deriv of flux wrt S (if unsat) or phi (if sat) at upper end.

    ! qyb - ditto at lower end.

    REAL(FRK)::w,rdz

    TYPE(params),POINTER::p

    ! gf is gravity factor (0 to 1) assumed available in module

    p=>par(j)

      if (gf<zero) then

        if ((v1%isat/=0.and.v2%isat/=0).or.v1%h-gf*(-dz)>=p%he) then

          ! correction 21/5/07

          !w=zero

          w=one

        else

          w=weight(j,v1%h,v1%K,v1%phi,-dz)

          w=one-w

        end if

      else

        if ((v1%isat/=0.and.v2%isat/=0).or.v2%h-gf*dz>=p%he) then

          w=zero

        else

          w=weight(j,v2%h,v2%K,v2%phi,dz)

        end if

      end if

    rdz=one/dz

    q=(v1%phi-v2%phi)*rdz+gf*(w*v1%K+(one-w)*v2%K)

    if (v1%isat==0) then

      qya=v1%phiS*rdz+gf*w*v1%KS

    else

      qya=rdz

    end if

    if (v2%isat==0) then

      qyb=-v2%phiS*rdz+gf*(1.-w)*v2%KS

    else

      qyb=-rdz

    end if

    END SUBROUTINE flux



    SUBROUTINE tri(ns,n,aa,bb,cc,dd,ee,dy)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::ns,n

    REAL(FRK),DIMENSION(0:n),INTENT(IN)::aa,cc,dd

    REAL(FRK),DIMENSION(0:n),INTENT(INOUT)::bb,ee,dy

    ! Solves tridiag set of linear eqns. Coeff arrays aa and cc left intact.

    ! Definitions of arguments:

    ! ns      - start index for eqns.

    ! n       - end index.

    ! aa(0:n) - coeffs below diagonal; ns+1:n used.

    ! bb(0:n) - coeffs on diagonal; ns:n used.

    ! cc(0:n) - coeffs above diagonal; ns:n-1 used.

    ! dd(0:n) - rhs coeffs; ns:n used.

    ! ee(0:n) - work space.

    ! dy(0:n) - solution in ns:n.

    INTEGER::i

    dy(ns)=dd(ns) ! decomposition and forward substitution

    do i=ns,n-1

      ee(i)=cc(i)/bb(i)

      dy(i)=dy(i)/bb(i)

      bb(i+1)=bb(i+1)-aa(i+1)*ee(i)

      dy(i+1)=dd(i+1)-aa(i+1)*dy(i)

    end do

    dy(n)=dy(n)/bb(n) ! back substitution

    do i=n-1,ns,-1

      dy(i)=dy(i)-ee(i)*dy(i+1)

    end do

    END SUBROUTINE tri



! The following subroutines implement Schaap and van Genuchten (SvG) soil water retention and

! conductivity functions. It includes "macropore" conductivity components and an

! optional dry soil water retention component. Note that m=1-1/n for the vG wrc.



    SUBROUTINE allo(nt,ns)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::nt,ns

    ! Allocate storage for soil water and solute parameters. This cannot be

    ! deallocated but it can be reused.

    ! Definitions of arguments:

    ! nt - no. of soil hydraulic property types.

    ! ns - no. of solutes.

    INTEGER::i,j

    allocate(par(nt),fun(nt),drypar(nt))

    allocate(isotype(nt,ns),fbd(nt),dis(nt),isopar(nt,ns))

    do i=1,nt

      nullify(fun(i)%nh,drypar(i)%p) ! so association can be tested

      do j=1,ns

        nullify(isopar(i,j)%p)

      end do

    end do

    END SUBROUTINE allo



    SUBROUTINE deallo()

    IMPLICIT NONE

    ! Allocate storage for soil water and solute parameters. This cannot be

    ! deallocated but it can be reused.

    ! Definitions of arguments:

    ! nt - no. of soil hydraulic property types.

    ! ns - no. of solutes.

    deallocate(par,fun,drypar)

    deallocate(isotype,fbd,dis,isopar)

    !do i=1,nt

    !  nullify(fun(i)%nh,drypar(i)%p) ! so association can be tested

    !  do j=1,ns

    !    nullify(isopar(i,j)%p)

    !  end do

    !end do

    END SUBROUTINE deallo



    SUBROUTINE hyofS(Sv,nl,jt,var)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::nl,jt(:)

    REAL(FRK),INTENT(IN)::Sv(:)

    TYPE(fvars),DIMENSION(:),TARGET,INTENT(OUT)::var

    ! Get soil water variables from S.

    ! Definitions of arguments:

    ! Sv(1:nl)  - degree of saturation ("effective satn") of layers.

    ! nl        - no. of soil layers.

    ! jt(1:nl)  - layer soil type nos.

    ! var(1:nl) - other water fvars of layers.

    LOGICAL::SgeS1

    INTEGER::i,j

    REAL(FRK)::a1,a2,hr,hrS,lnS,r,rn,S,v1,v2,x,z

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(dryparams),POINTER::dp

    TYPE(fvars),POINTER::v

    TYPE(qa),POINTER::f

    do i=1,nl

      if (Sv(i)<one) then

        j=jt(i); v=>var(i)

        S=Sv(i)

        IF(S<0.)CYCLE

        if (associated(drypar(j)%p)) then ! check for dry soil wrc

          dp=>drypar(j)%p

          if (S<dp%Sjoin) then ! use logarithmic dry soil wrc, K and phi

            a1=drycS/dp%Sjoin

            v%h=hdry*exp(a1*S)

            v1=(-v%h)**(-drypwr)

            v%K=drycK*dp%Kjoin*(v1-dryc2)

            v%KS=-drycK*dp%Kjoin*drypwr*v1*a1

            v%phi=dp%phijoin+drycK*dp%Kjoin*(v%h*(dryc3*v1-dryc2)-dryc4)

            v%phiS=v%K*v%h*a1

            cycle ! do next layer

          end if

        end if

        p=>par(j); f=>fun(j)

        ! get hr

        if (S>=S1) then ! quadratic h(S)

          SgeS1=.true.

          r=one/(S1-one)

          z=(S-one)*r

          a1=two*p%hr1-(S1-one)*p%hrS1

          a2=p%hr1-a1

          hr=z*(a1+z*a2)

          hrS=(a1+two*z*a2)*r

        else ! vG h(S)

          SgeS1=.false.

          rn=one/p%n

          lnS=log(S)

          x=exp(lnS/p%m)

          hr=exp(rn*log(one/x-one))

          hrS=-hr/(p%m*p%n*(one-x)*S)

        end if

        v%h=p%hg*hr

        ! get K and phi

        if (v%h>=hmac1) then ! SvG exponential "macropore" K and phi

          v%K=p%Ke*exp(-v%h/p%hp)

          v%KS=-v%K*p%hg*hrS/p%hp

          v%phi=f%phi(1)-p%hp*(v%K-f%K(1))

        elseif (v%h>hmac2+f%mh2*f%dh2) then ! SvG non-exp "macropore" K and phi

          call getqa(v%h,f,qp)

          z=(v%h-qp%x0)*qp%rdx

          v%K=f%K(qp%i)+z*(qp%a1+z*qp%a2)

          v%KS=(qp%a1+two*z*qp%a2)*qp%rdx*p%hg*hrS

          v%phi=f%phi(qp%i/2+1)+z*(f%K(qp%i)+z*(half*qp%a1+third*z*qp%a2))/qp%rdx

        else ! SvG modified vG K and phi

          if (SgeS1) then ! very unlikely, but get required functions of h

            x=one/(one+exp(p%n*log(hr)))

            lnS=p%m*log(x) ! actually ln(x**m), not ln(S)

            S=exp(lnS) ! actually x**m, not S

          end if

          v1=p%m*x*(two-x)/(two+(p%m-two)*x*(one+sixth*(p%m-one)*x))

          ! v1 is Pade approx for 1-(1-x)**m - saves ** and errors for very small x

          v2=exp(p%p*lnS)

          v%K=p%Kxm*v2*v1**2

          v%KS=v%K*(p%p+two*x*(one-v1)/((one-x)*v1))/S

          v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

          ! v1 is Pade approx to series for getting phi

          v%phi=p%Kxm*p%hg*v2*S*x*v1

          v%phiS=v%K*p%hg*hrS

        end if

        v%phiS=v%K*p%hg*hrS

      end if

    end do

    END SUBROUTINE hyofS

    SUBROUTINE hyofh(h,j,K,Kh,phi)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h

    REAL(FRK),INTENT(OUT)::K,Kh,phi

    ! Get soil water variables from h.

    ! Definitions of arguments:

    ! h   - matric head.

    ! j   - soil type no.

    ! K   - hydraulic conductivity.

    ! Kh  - derivative dK/dh.

    ! phi - matric flux potential (MFP).

    REAL(FRK)::hr,lnx,v1,v2,x,z

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(qa),POINTER::f

    TYPE(dryparams),POINTER::dp

    if (associated(drypar(j)%p)) then

      dp=>drypar(j)%p

      if (h<hjoin) then ! use logarithmic dry soil K and phi

        x=(-h)**(-drypwr)

        K=drycK*dp%Kjoin*(x-dryc2)

        Kh=-drycK*dp%Kjoin*drypwr*x/h

        phi=dp%phijoin+drycK*dp%Kjoin*(h*(dryc3*x-dryc2)-dryc4)

        return ! finished

      end if

    end if

    p=>par(j); f=>fun(j)

    if (h>=hmac1) then ! SvG exponential "macropore" K and phi

      K=p%Ke*exp(-h/p%hp)

      Kh=-K/p%hp

      phi=f%phi(1)-p%hp*(K-f%K(1))

    elseif (h>hmac2+f%mh2*f%dh2) then ! SvG non-exp SvG "macropore" K and phi

      call getqa(h,f,qp)

      z=(h-qp%x0)*qp%rdx

      K=f%K(qp%i)+z*(qp%a1+z*qp%a2)

      Kh=(qp%a1+two*z*qp%a2)*qp%rdx

      phi=f%phi(qp%i/2+1)+z*(f%K(qp%i)+z*(half*qp%a1+third*z*qp%a2))/qp%rdx

    else ! SvG modified vG K and phi

      hr=h/p%hg

      x=one/(one+exp(p%n*log(hr)))

      v1=p%m*x*(two-x)/(two+(p%m-two)*x*(one+sixth*(p%m-one)*x))

      ! v1 is Pade approx for 1-(1-x)**m - saves ** and errors for very small x

      lnx=log(x)

      v2=exp(p%p*p%m*lnx)

      K=p%Kxm*v2*v1**2

      Kh=-p%m*p%n*K*(p%p*(one-x)+two*x*(one/v1-one))/(p%hg*hr)

      v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

      ! v1 is Pade approx to series for getting phi

      phi=p%Kxm*p%hg*exp((p%m*(p%p+one)+one)*lnx)*v1

    end if

    END SUBROUTINE hyofh

    SUBROUTINE hypar(j,thr,the,hg,Kx,mn,pp,Ks,drywrc)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::thr,the,hg,Kx,mn,pp,Ks

    LOGICAL,INTENT(IN),OPTIONAL::drywrc

    ! Set soil hydraulic property parameters.

    ! Note that a call without drywrc deallocates dry wrc memory.

    ! Definitions of arguments:

    ! j      - soil type no.

    ! thr    - "residual" water content.

    ! the    - saturated water content.

    ! Kx     - saturated hydraulic conductivity of soil "matrix".

    ! mn     - vG retention function shape parameter.

    ! pp     - pore parameter for conductivity.

    ! Ks     - saturated hydraulic conductivity.

    ! drywrc - logarithmic wrc used in dry soil (h<hjoin) if drywrc true.

    INTEGER,PARAMETER::maxpts=9999999 ! for K(h) approx by quadratics - can increase

    INTEGER::i,jj,jt(1),kk,m,n,nh(maxpts)

    REAL(FRK),PARAMETER::rerrKw=0.01_frk ! rel error for power law for w approx

    ! can increase rerrKw for speed, but may affect accuracy

    REAL(FRK)::a,dh,K,Kh,phi,S(1),v1,v2,x

    REAL(FRK),DIMENSION(maxpts)::h,Kv,y

    TYPE(qparams)::qp

    TYPE(params),POINTER::p

    TYPE(fvars)::v(1)

    TYPE(qa),POINTER::f

    if (.not.allocated(par)) then

      write (*,*) "hypar: must call allo before hypar to allocate storage"

      stop

    end if

    if (size(par)<j) then

      write (*,*) "hypar: not enough space allocated for soil types"

      stop

    end if

    jt(1)=j; p=>par(j); f=>fun(j)

    p%n=one+mn; p%m=mn/p%n ! note that kvg must be one

    p%the=the; p%thre=the-thr ! note that the-thr is stored rather than thr

    p%hg=hg; p%he=-.001_frk !temp cdj changed from zero to -one

    p%p=pp; p%Ke=Ks

    p%hp=hmac1/((one-Rmac1)*log(Ks/Kx)) ! K=Ks*exp(-h/p%hp)

    x=exp(log(S1)/p%m)

    p%hr1=exp(log(one/x-one)/p%n) ! hr at S1

    p%hrS1=-p%hr1/(mn*S1*(one-x)) ! dhr/dS at S1

    x=one/(one+exp(p%n*log(hmac1/hg)))

    v1=exp(p%m*pp*log(x))

    v2=one-exp(p%m*log(one-x))

    p%Kxm=Kx/(v1*v2**2) ! v1*v2**2 is modified vG K function at hmac1

    p%hpwr=min(hmac2,hg*exp(-log(rerrKw/(p%m*(p%p+one)+one))/p%n)) ! for w approx

    ! get params for phi approx

    a=p%m*(pp+one)+one

    if (a<=0.001_frk) then

      write (*,*) "hypar: pp for K too small"

      stop

    end if

    v1=(p%m**2+11.0_frk)/(a+two)

    v2=(p%m-one)*p%m**2

    p%b1=-two*(p%m**2+5.0_frk)/((a+3.0_frk)*v1)

    p%a0=v2/a

    p%a1=v2*(one/(a+one)+p%b1/a)

    p%a2=v2*(p%b1/(a+one)+v1/12.0_frk)

    ! get quadratic approx for K and phi

    f%mh1=3+(hmac2-hmac1)/hg ! no. of intervals from hmac1 to hmac2

    f%dh1=(hmac2-hmac1)/f%mh1

    m=f%mh1+1 ! no. of h values

    do i=1,m-1

      h(i)=hmac1+(i-1)*f%dh1 ! h values

    end do

    h(m)=hmac2

    x=one/(one+exp(p%n*log(hmac2/hg)))

    if (x>0.55_frk) then ! get extra quads

      f%mh2=one+(hg-hmac2)/hg

      f%dh2=(hg-h(m))/f%mh2

      do i=m+1,m+f%mh2

        h(i)=h(m)+(i-m)*f%dh2

      end do

      m=m+f%mh2 ! new no. of h values

    else

      f%mh2=0 ! no extra quads

    end if

    jj=1; nh(1)=1

    do i=1,m-1

      call fitquad(h(i),h(i+1),rerrK,p,y,n)

    !  write (2,*) "n ",n

      if (jj+n-1>maxpts)EXIT

        !write (*,*) "hypar: too many points for K(h)"

        !stop

      !end if

      Kv(jj:jj+n-1)=y(1:n)

      jj=jj+n-1

      nh(i+1)=jj

    end do

    if (associated(f%nh)) then

      nKv=nKv-f%nh(size(f%nh)) ! adjust counter

      deallocate(f%nh,f%K,f%phi)

    end if

    nKv=nKv+jj ! cumulative no. of K values

    allocate(f%nh(m),f%K(jj),f%phi(jj/2+1))

    f%nh=nh(1:m); f%K=Kv(1:jj)

    !write (2,"(a5,10i5)") "nh ",f%nh

    !write (2,*) h(1:m)

    !write (2,"(8f10.4)") f%K

    ! get phi values from K by integrating quads

    if (f%mh2>0) x=0.5_frk

    v1=(p%a0+x*(p%a1+x*p%a2))/(one+x*p%b1)

    f%phi(jj/2+1)=p%Kxm*p%hg*exp(a*log(x))*v1

    do kk=m,2,-1 ! step through major intervals from last to first

      if (kk>f%mh1+1) then

        dh=f%dh2/(f%nh(kk)-f%nh(kk-1)) ! half quadratic interval

      else

        dh=f%dh1/(f%nh(kk)-f%nh(kk-1))

      end if

      jj=1

      do i=f%nh(kk)-2,f%nh(kk-1),-2 ! step through quadratics

        call getqa(h(kk)-jj*dh,f,qp)

        ! add integral of K over quad from lower to higher h

        f%phi(i/2+1)=f%phi(i/2+2)-(f%K(i)+half*qp%a1+third*qp%a2)/qp%rdx

        jj=jj+2

      end do

    end do

    !write (2,"(8f10.4)") f%phi

    if (present(drywrc)) then

      if (drywrc) then

        if (abs(thr)>epsilon(one)) then

          write (*,*) "hypar: thr must be zero with dry wrc"

          stop

        end if

        if (.not.associated(drypar(j)%p)) then

          allocate(drypar(j)%p)

        end if

        ! get params for join of wet S and dry S

        drypar(j)%p%Sjoin=Sofh(hjoin,j)

        call hyofh(hjoin,j,K,Kh,phi)

        drypar(j)%p%phijoin=phi

        drypar(j)%p%Kjoin=K

      end if

    else

      if (associated(drypar(j)%p)) then ! no param, deallocate memory

        deallocate(drypar(j)%p)

      end if

    end if

    !WRITE(51,*)ONE,EPSILON(ONE)

    S(1)=one-epsilon(one)

    call hyofS(S,1,jt,v)

    p%KSe=v(1)%KS ! dK/dS at he

    p%phie=v(1)%phi ! MFP at he

    p%phiSe=v(1)%phiS ! dphi/dS at he

    END SUBROUTINE hypar

    SUBROUTINE getqa(x,f,qp)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::x

    TYPE(qa),INTENT(IN)::f

    TYPE(qparams),INTENT(OUT)::qp

    ! Get quadratic approx params.

    ! Definitions of arguments:

    ! x  - head h.

    ! f  - quad approx data.

    ! qp - quad params.

    INTEGER::i,j,n

    REAL(FRK)::dx0,dxj,x0,xj

    ! find position in array

    if (x<hmac2) then

      x0=hmac2; dx0=f%dh2; n=f%mh1

    else

      x0=hmac1; dx0=f%dh1; n=0

    end if

    j=one+(x-x0)/dx0

    xj=x0+(j-1)*dx0

    j=j+n

    dxj=dx0/((f%nh(j+1)-f%nh(j))/2)

    qp%rdx=one/dxj

    i=(x-xj)*qp%rdx

    qp%x0=xj+i*dxj

    i=f%nh(j)+2*i

    ! get quadratic params

    qp%a1=-3.0*f%K(i)+4.0*f%K(i+1)-f%K(i+2)

    qp%a2=f%K(i+2)-f%K(i)-qp%a1

    qp%i=i

    END SUBROUTINE getqa

    SUBROUTINE fitquad(x0,x1,e,p,y,n)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::x0,x1,e

    TYPE(params),INTENT(IN)::p

    REAL(FRK),INTENT(OUT)::y(:)

    INTEGER,INTENT(OUT)::n

    ! Fit quadratics to K in head interval.

    ! Definitions of arguments:

    ! x0,x1 - head interval from x0 to x1.

    ! e     - rel error.

    ! p     - soil type params.

    ! y     - K values defining quads.

    ! n     - no. of values.

    LOGICAL::ok

    INTEGER::i,j,nmax

    REAL(FRK)::a1,a2,dx,e1,e2

    nmax=size(y)

    ! initialise y

    n=5; dx=(x1-x0)/(n-1)

    do i=1,n

      y(i)=Kf(x0+(i-1)*dx,p)

    end do

    ! loop until error ok

    do

      ! check quadratic fits

      ok=.true.

      do i=1,n-4,4

        a1=-3.0_frk*y(i)+4.0_frk*y(i+2)-y(i+4)

        a2=y(i+4)-y(i)-a1

        e1=abs((y(i)+0.25_frk*(a1+0.25_frk*a2))/y(i+1)-one)

        e2=abs((y(i)+0.75_frk*(a1+0.75_frk*a2))/y(i+3)-one)

        ! require errors at test points and monotonicity to be ok

        if (max(e1,e2)>e.or.a1*(a1+two*a2)<zero) then

          ok=.false.

          exit

        end if

      end do

      if (.not.ok) then

        ! double no. of intervals

        if (2*n-1>nmax) then

          write (*,*) "fitquad: too many points"

          stop

        end if

        dx=half*dx

        do i=n,2,-1

          j=2*i-1

          y(j)=y(i)

          y(j-1)=Kf(x0+(j-2)*dx,p)

        end do

        n=2*n-1

      else

        exit

      end if

    end do

    ! remove test points

    j=1

    do i=3,n,2

      j=j+1

      y(j)=y(i)

    end do

    n=j

    CONTAINS

    FUNCTION Kf(h,p)

    IMPLICIT NONE

    REAL(FRK),INTENT(IN)::h

    TYPE(params),INTENT(IN)::p

    REAL(FRK)::Kf

    ! Get SvG K(h) (for h<=hmac1)

    ! Definitions of arguments:

    ! h - head.

    ! p - soil type params.

    REAL(FRK)::R,v1,v2,x

    x=one/(one+exp(p%n*log(h/p%hg)))

    v1=exp(p%m*p%p*log(x))

    v2=one-exp(p%m*log(one-x))

    Kf=p%Kxm*v1*v2**2

    if (h>hmac2) then

      R=Rmac1*(h-hmac2)/(hmac1-hmac2)

      Kf=Kf*exp(R*log(p%Ke/Kf))

    end if

    END FUNCTION Kf

    END SUBROUTINE fitquad

    SUBROUTINE solpar(j,bdj,disj)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::bdj,disj

    ! Set soil solute property parameters.

    ! Definitions of arguments:

    ! j    - soil type no.

    ! bdj  - soil bulk density.

    ! disj - dispersivity.

    if (size(fbd)<j) then

      write (*,*) "solpar: not enough space allocated for solutes"

      stop

    end if

    fbd(j)=bdj

    dis(j)=disj

    isotype(j,:)="no" ! will be changed if required in sub setiso

    END SUBROUTINE solpar

    SUBROUTINE setiso(j,isol,isotypeji,isoparji)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j,isol

    CHARACTER(LEN=2),INTENT(IN)::isotypeji

    REAL(FRK),INTENT(IN)::isoparji(:)

    ! Set soil solute adsorption isotherm and parameters.

    ! Definitions of arguments:

    ! j           - soil type no.

    ! isol        - solute no.

    ! isotypeji   - isotherm code.

    ! isoparji(:) - isotherm params.

    INTEGER::np

    isotype(j,isol)=isotypeji

    np=size(isoparji)

    if (associated(isopar(j,isol)%p)) deallocate(isopar(j,isol)%p)

    if (isotypeji=="Fr") then ! add params to avoid singularity at zero

      allocate(isopar(j,isol)%p(np+2))

      isopar(j,isol)%p=zero

    else

      allocate(isopar(j,isol)%p(np))

    end if

    isopar(j,isol)%p(1:np)=isoparji

    END SUBROUTINE setiso

    FUNCTION Sofh(h,j)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h

    REAL(FRK)::Sofh

    ! Get saturation S from matric head h.

    ! Definitions of arguments:

    ! h   - matric head.

    ! j   - soil type no.

    REAL(FRK)::a1,a2,hr,z

    TYPE(params),POINTER::p

    TYPE(dryparams),POINTER::dp

    if (associated(drypar(j)%p)) then ! check for dry soil wrc

      dp=>drypar(j)%p

      if (h<hjoin) then ! use logarithmic dry soil wrc

        Sofh=dp%Sjoin*log(h/hdry)/drycS

        return ! finished

      end if

    end if

    p=>par(j)

    hr=h/p%hg

    ! get S

    if (hr<p%hr1) then ! quadratic h(S)

      a1=two*p%hr1-(S1-one)*p%hrS1

      a2=p%hr1-a1

      z=two*hr/(a1+sqrt(a1**2+4.0_frk*a2*hr))

      Sofh=one+(S1-one)*z

    else ! vG wrc

      Sofh=exp(-p%m*log(one+exp(p%n*log(hr)))) ! (1+hr**n)**(-m)

    end if

    END FUNCTION Sofh

    FUNCTION weight(j,h,K,phi,dz)

    IMPLICIT NONE

    INTEGER,INTENT(IN)::j

    REAL(FRK),INTENT(IN)::h,K,phi,dz

    REAL(FRK)::weight

    ! Get conductivity weighting for gravity flux calculations.

    ! Definitions of arguments:

    ! j     - soil type no.

    ! h     - matric head.

    ! K     - conductivity.

    ! phi   - MFP.

    ! dz    - flow path length.

    REAL(FRK)::hz,Kz,Khz,phiz,x,a,w

    TYPE(params),POINTER::p

    p=>par(j)

    a=p%n*(p%m*p%p+two) ! vG asymptotic K equiv of BC lambda*eta

    hz=h-gf*dz ! gf is gravity fac in direction of dz

    x=-gf*dz/h

    if (h<p%hpwr.and.(a<=3.0_frk.or.x*(a-3.0_frk)<=4.0_frk)) then

      ! use predetermined approx (ignore dry wrc as w near 0.5 by then)

      w=(60.0_frk+x*(70.0_frk+10.0_frk*a+x*(16.0_frk+a*(5.0_frk+a))))/ &

        (120.0_frk+x*(120.0_frk+x*(22.0_frk+2.0_frk*a**2)))

    else

      call hyofh(hz,j,Kz,Khz,phiz) ! accurate but slower

      w=-((phiz-phi)/(gf*dz)+K)/(Kz-K)

    end if

    weight=min(max(w,zero),one)

    END FUNCTION weight



    END MODULE HPERC2_lib








src/HPURK.f90

      SUBROUTINE HPURK

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER PERCOLATION COMPONENT.  IT MANAGES

!     THE ROUTING PROCESS

      USE PARM

      ADD=0.

      SUM=0.

      TOT=0.

      XX=0.

      CPVV=0.

      QDR(IDO)=0.

      SW(ISA)=0.

      QMM=.1*QVOL(IDO)/WSA(ISA)

      VAR(98,ISA)=FPF(ISA)

      AD1=SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD1=AD1+SWST(ISL,ISA)

          SW(ISA)=SW(ISA)+SWST(ISL,ISA)

      END DO

      SEP=MAX(0.,(10.*SALA(ISA)*(RFV(IRF(ISA))-QMM)+RSPK(ISA))/(10.*WSA(ISA))) !seepage volume is the average of rainfall infiltration and reservoir seepage in the subarea.

      SP1=SEP

      LD1=LID(1,ISA)

	  STLT(ISA)=PRMT(51)*RSD(LD1,ISA)

      SWLT(ISA)=SWLT(ISA)+SEP

      IF(SWLT(ISA)>STLT(ISA))THEN

          SEP=SWLT(ISA)-STLT(ISA)

          SWLT(ISA)=STLT(ISA)

      ELSE

          SEP=0.

      END IF

      !Percolation while flooded/dry Jaehak paddy 2016

	  IF(PADDY_STO(1,ISA)>0)THEN

          SEP=.2*PRMT(39)*PADDY_STO(1,ISA) !Total head is referenced at 120mm ponding depth

          IF(SEP>PADDY_STO(1,ISA))SEP=PADDY_STO(1,ISA) 

      ENDIF

      

      !IF(ISA==1)WRITE(*,'(I5,10F8.3)')IDA,SW(ISA)+SEP,SW(ISA),SEP

      

      IF(IPRK==2)THEN

          CALL HPERC2(3)

      ELSE

          DO KK=1,NBSL(ISA)

              ISL=LID(KK,ISA)

              DZ=Z(ISL,ISA)-XX

              XX=Z(ISL,ISA)

              SWST(ISL,ISA)=SWST(ISL,ISA)+SEP

              IF(WTBL(ISA)<=Z(ISL,ISA))THEN

                  SSF(ISL,ISA)=0.

                  PKRZ(ISL)=0.

                  CPFH(ISL,ISA)=0.

                  SEP=0.

				  

									

						 

										

																   

								

										  

				

								 

					 

							 

									 

              ELSE    

                  CPVV=SEP*CPRV(ISL,ISA)

                  X1=SEP-CPVV

                  CPVH(IDO)=X1*CPRH(ISL,ISA)

                  SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-CPVV-CPVH(IDO))

	              !IF(RSAE(ISA)>0.)THEN

	                  !SATX=MAX(1.E-10,RSHC(ISA))

	              !ELSE

								   

					

							  

							   

								   

								   

	                  SATX=SATC(ISL,ISA)

						  

						   

                  !END IF

			

				  

				  

				   

			

						 

						

						 

									  

                  IF(IPRK==0)THEN

                      CALL HPERC(DZ,SATX)

                  ELSE    

                      CALL HPERC1(DZ,SATX)

                  END IF    

                  SWST(ISL,ISA)=MAX(1.E-5,SWST(ISL,ISA)-SEP-SST(IDO)-QRF(IDO))

                  IF(ISL/=IDR(ISA))THEN

                      SUM=SUM+QRF(IDO)

										 

						   

												 

							   

							   

																		

								 

                  ELSE

                      QDR(IDO)=QRF(IDO)

                  END IF

                  ADD=ADD+SST(IDO)

                  TOT=TOT+CPVH(IDO)

                  SSF(ISL,ISA)=SST(IDO)

                  QSF(ISL,ISA)=QRF(IDO)

                  CPFH(ISL,ISA)=CPVH(IDO)

                  SEP=SEP+CPVV

                  PKRZ(ISL)=SEP

              END IF    

          END DO

          SST(IDO)=ADD

          QRF(IDO)=SUM

          CPVH(IDO)=TOT

          L1=LD1

          DO K=NBSL(ISA),2,-1

              ISL=LID(K,ISA)

              L1=LID(K-1,ISA)

              XX=SWST(ISL,ISA)-PO(ISL,ISA)

              IF(XX>0.)THEN

                  SWST(L1,ISA)=SWST(L1,ISA)+XX

                  PKRZ(L1)=MAX(0.,PKRZ(L1)-XX)

                  SWST(ISL,ISA)=PO(ISL,ISA)

              END IF

              XX=SWST(ISL,ISA)-FC(ISL,ISA)

              IF(XX>0.)THEN

                  X1=VGN(L1,ISA)/(VGN(L1,ISA)-1.)

                  X2=SWST(L1,ISA)-S15(L1,ISA)

                  IF(X2>0.)THEN

                      RTO=(PO(L1,ISA)-S15(L1,ISA))/X2

                      X3=RTO**X1-1.

                      IF(X3>0.)THEN

                          T1=(X3/VGA(L1,ISA)**VGN(L1,ISA))**(1./VGN(L1,ISA))

                          T1=T1/10.19

                      ELSE

                          T1=1.

                      END IF

                  ELSE

                      T1=1500.

                  END IF    

                  ZH=10.*(Z(ISL,ISA)-Z(L1,ISA))

	              X1=VGN(ISL,ISA)/(VGN(ISL,ISA)-1.)

                  X2=SWST(ISL,ISA)-S15(ISL,ISA)

                  IF(X2>0.)THEN

                      RTO=(PO(ISL,ISA)-S15(ISL,ISA))/X2

                      X3=RTO**X1-1.

                      IF(X3>0.)THEN

                          T2=(X3/VGA(ISL,ISA)**VGN(ISL,ISA))**(1./VGN(ISL,ISA))

                          T2=T2/10.19

                      ELSE

                          T2=1.

                      END IF

                  ELSE

                      T2=1500.

                  END IF    

                  T2=T2+ZH

                  IF(T1<T2)CYCLE

                  X1=XX*MIN(PRMT(61),(T1-T2)/(T1+T2))

                  SWST(L1,ISA)=SWST(L1,ISA)+X1

                  PKRZ(L1)=PKRZ(L1)-X1

                  SWST(ISL,ISA)=SWST(ISL,ISA)-X1

              END IF    

					  

							

												 

										  

								  

											

          END DO

      END IF

      FPF(ISA)=0.

      AD2=SWLT(ISA)

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          AD2=AD2+SWST(ISL,ISA)

      END DO

            

      DF=AD1+SP1-SST(IDO)-QRF(IDO)-PKRZ(LID(NBSL(ISA),ISA))-AD2

      IF(ABS(DF)>.001)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,SP1,SST(IDO),QRF(IDO),&

      PKRZ(LID(NBSL(ISA),ISA)),DF

      XX=10.*WSA(ISA)

      SST(IDO)=SST(IDO)*XX

      QRF(IDO)=QRF(IDO)*XX

      CPVH(IDO)=CPVH(IDO)*XX

      QDR(IDO)=QDR(IDO)*XX

      SMM(17,MO,ISA)=SMM(17,MO,ISA)+QDR(IDO)

      VAR(17,ISA)=QDR(IDO)

    1 FORMAT(5X,'PURK',3I4,10E13.5)  

      RETURN

      END










src/HQDAV.f90

      SUBROUTINE HQDAV(A,CBW,QQ,SSS,ZCH,ZX,CHW,FPW,IDY)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES FLOW AREA AND DEPTH GIVEN RATE

      USE PARM

      ZX=.5*ZCH 

      DO IT=1,10

          IF(QQ>QCAP(IDY))THEN

              ZX=MAX(ZX,ZCH)

              ZZ=ZX-ZCH

              !COMPUTE CH FLOW ABOVE QCAP

              ACH=CHXA(IDY)+ZZ*RCTW(IDY)

              R=ACH/CHXP(IDY)

              QCH=ACH*R**.66667*RCHX(IDY)

              CHW=RCTW(IDY)

              !COMPUTE FP FLOW

              AFPX=ZZ*(RFPW(IDY)-RCTW(IDY))

              QFP=AFPX*ZZ**.66667*RFPX(IDY)/RFPW(IDY)

              Q=QCH+QFP

              A=ACH+AFPX

              FPW=RFPW(IDY)

              NBCF=1

          ELSE

              X1=ZX*RCSS(IDY)

              A=ZX*(CBW+X1)

              P=CBW+2.*SSS*ZX

              Q=A**1.66667*RCHX(IDY)/P**.66667

              CHW=CBW+2.*X1

              FPW=0.

              NBCX=1     

          END IF

          FU=Q-QQ

          !WRITE(KW(26),2)IT,QQ,Q,ZX,FU

          !2 FORMAT(1X,I4,4E16.6)

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.001)EXIT

          IF(IT==1)THEN

              DFQ=-.1*ZX

          ELSE

              DFDZ=(FU-FU1)/(ZX-ZX1)

              DFQ=FU/DFDZ

          END IF

          FU1=FU

          ZX1=ZX

          ZX=ZX-DFQ

      END DO

      IF(KFL(26)>0.AND.IT>20)WRITE(KW(26),1)IT,ZX,FU,QQ,Q

      RETURN

    1 FORMAT(1X,'QDAV XCONV',I4,4E16.6)

      END






src/HQP.f90

      FUNCTION HQP(X1,CQRB,ITP,INT)

      DIMENSION CQRB(8,17,4)

!     APEX1501

!     THIS SUBPROGRAM SOLVES THE 7TH DEGREE POLYNOMIAL RELATING TR55

!     PEAK RATE FACTOR TO TIME OF CONCENTRATION.

      HQP=CQRB(1,INT,ITP)+X1*(CQRB(2,INT,ITP)+X1*(CQRB(3,INT,ITP)+X1*&

      (CQRB(4,INT,ITP)+X1*(CQRB(5,INT,ITP)+X1*(CQRB(6,INT,ITP)+X1*(CQRB(&

      7,INT,ITP)+X1*CQRB(8,INT,ITP)))))))

      RETURN

      END






src/HREXP.f90

      SUBROUTINE HREXP

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL EXPONENTIALLY &

!     FURNISHES THE GREEN & AMPT SUBPROGRAM RAIN INCREMENTS OF EQUAL

!     VOLUME = DRFV

      USE PARM

      DRFV=MIN(5.,.1*RFV(IRF(ISA)))

      RFX=RFV(IRF(ISA))

      PT=DRFV

      RX=0.

      DO WHILE(PT<RTP)

          RX=REP*(1.-(RTP-PT)/XKP1)

          CALL HGASP(DRFV,PT,Q1,RX)

          PT=PT+DRFV

      END DO

      A=RTP-PT+DRFV

      PT=RTP

      RX=REP

      CALL HGASP(A,PT,Q1,RX)

      PT=PT+DRFV

      DO WHILE(PT<RFX)

          RX=REP*(1.-(PT-RTP)/XKP2)

          CALL HGASP(DRFV,PT,Q1,RX)

          PT=PT+DRFV

      END DO

      RX=0.

      A=RFX-PT+DRFV

      PT=RFX

      CALL HGASP(A,PT,Q1,RX)

      RETURN

      END






src/HRFDT.f90

      SUBROUTINE HRFDT

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL EXPONENTIALLY &

!     FURNISHES THE RAINFALL DISTRIBUTION AT TIME INTERVALS DTHY.

      USE PARM

      UPLM=.95

      QMN=.25

      BLM=.05

      R1=ATRI(BLM,QMN,UPLM,10)

      XK1=R1/6.908

      XK2=XK1*(1.-R1)/R1

      DURG=RFV(IRF(ISA))/(REP*(XK1+XK2))

      IF(DURG>24.)THEN

          DURG=24.

          REP=RFV(IRF(ISA))/(24.*(XK1+XK2))

      END IF

      XKP1=XK1*DURG

      XKP2=XK2*DURG

      TP=R1*DURG

      XX1=REP*XKP1

      XX2=REP*XKP2

      T1=0.

	  RFDT(1)=0.

	  I=1

      DO WHILE(T1<DURG)

          I=I+1

          T1=T1+DTHY

          IF(T1<TP)THEN

              RFDT(I)=XX1*EXP((T1-TP)/XKP1)

          ELSE

              RFDT(I)=XX2*(1.-EXP((TP-T1)/XKP2))+XX1

              X1=MIN(1.,T1/DURG)

              RFDT(I)=X1*RFV(IRF(ISA))+(1.-X1)*RFDT(I)

          END IF

      END DO

      NRF=I

      IF(KFL(26)>0)THEN

          IF(RFDT(I)>50.)WRITE(KW(26),8)(RFDT(J),J=1,NRF)

	      WRITE(KW(26),10)RFV(IRF(ISA)),RFDT(I)

      END IF

      RETURN

    8 FORMAT(20X,7F7.2)

   10 FORMAT(5X,'RFV= ',F8.3,' mm',2X,'SUM RF DST= ',F8.3,' mm')

      END






src/HRFDTQ.f90

      SUBROUTINE HRFDTQ

!     APEX1501

!     THIS SUBPROGRAM COMPUTES RAINFALL EXCESS USING THE GREEN & AMPT EQ.

      USE PARM

      X1=RFDT(1)

	  DO I=2,NRF

	      Q1=0.

	   	  X1=RFDT(I)-X1

		  RX=X1/DTHY

		  IF(RX>REP)REP=RX

		  IF(RFDT(I)>0.)CALL HGAWY(X1,RFDT(I),Q1,RX)

		  QGA(I)=Q1

		  X1=RFDT(I)

	  END DO

	  RETURN

      END






src/HRFDTS.f90

      SUBROUTINE HRFDTS

      ! THIS SUBPROGRAM GENERATES RAINFALL DISTRIBUTIONS AT DTHY TIME 

      ! INTERVALS USING AN S CURVE

      USE PARM

      T1=0.

      DTX=DTHY/.12

      X1=RFV(IRF(ISA))

      I=1

      DO 

          T1=T1+DTX

          IF(SCLM(26)>0.)T1=MIN(T1,SCLM(26))

          RFF=T1/(T1+EXP(SCRP(26,1)-SCRP(26,2)*T1))

          I=I+1

          RFDT(I)=X1*RFF

          IF(T1>100.)EXIT

      END DO

      NRF=I     

      RTO=X1/RFDT(NRF)

      DO J=1,NRF

          RFDT(J)=RFDT(J)*RTO

      END DO

      RETURN

      END






src/HRFEI.f90

      SUBROUTINE HRFEI

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES THE USLE RAINFALL ENERGY FACTOR, GIVEN

!     DAILY RAINFALL.

      USE PARM

      IF(ITYP==0)THEN

          AJP=1.-EXP(-125./(RFV(IRF(ISA))+5.))

          AL5=ATRI(ALMN,WI(IWI,MO),AJP,4)

      ELSE

          AL5=WI(IWI,MO)

      END IF

      PRFF=-2.*LOG(1.-AL5)

      RFI5=2.*RFV(IRF(ISA))*AL5+.001

      IF(REP<1.E-5)REP=PRFF*RFV(IRF(ISA))+.001

      DUR=MIN(24.,4.605/PRFF)

      EI=MAX(0.,RFV(IRF(ISA))*(12.1+8.9*(LOG10(REP)-.4343))*RFI5/1000.)

      RETURN

      END






src/HRFIN.f90

      SUBROUTINE HRFIN

!     APEX1501

!     THIS SUBPROGRAM READS RAINFALL AT TIME INTERVAL DTHY.

      USE PARM

      I=1 

      RFDT(1)=0.

      IDTX=IYR*10000+MO*100+KDA

      DO

	      I=I+1

	   	  READ(KR(30),104,IOSTAT=NFL)IYZ,MOZ,IDZ,THZ,RFDT(I)

	   	  IF(NFL/=0)EXIT

	   	  IDTZ=IYZ*10000+MOZ*100+IDZ

		  IF(IDTX<IDTZ)THEN

		      BACKSPACE(KR(30))

		      EXIT

		  END IF    

      END DO

	  NRF=I-1

	  RETURN

  104 FORMAT(3I4,2F10.0)

	  END






src/HRUNF.f90

      SUBROUTINE HRUNF

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES DAILY RAINFALL UNIFORMLY &

!     FURNISHES THE GREEN & AMPT SUBPROGRAM RAIN INCREMENTS OF EQUAL

!     VOLUME = DRFV

      USE PARM

      DATA DRFV/5./

      PT=0.

      DO WHILE(PT<RFV(IRF(ISA)))

          PT=PT+DRFV

          CALL HGASP(DRFV,PT,Q1,REP)

      END DO

      A=RFV(IRF(ISA))-PT+DRFV

      PT=RFV(IRF(ISA))

      CALL HGASP(A,PT,Q1,REP)

      RETURN

      END






src/HSGCN.f90

      SUBROUTINE HSGCN

!     APEX1501

!     THIS SUBPROGRAM CONTAINS THE SCS HYDROLOGIC SOIL GROUP-CURVE

!     NUMBER TABLE.

      USE PARM

      DIMENSION CNX(35,4)

      DATA CNX/77.,72.,67.,70.,65.,66.,62.,65.,63.,63.,61.,61.,59.,66.,&

      58.,64.,55.,63.,51.,68.,49.,39.,47.,25.,6.,30.,45.,36.,25.,59.,72.&

      ,74.,43.,39.,99.5,86.,81.,78.,79.,75.,74.,71.,76.,75.,74.,73.,72.,&

      70.,77.,72.,75.,69.,73.,67.,79.,69.,61.,67.,59.,35.,58.,66.,60.,55.,&

      74.,82.,84.,65.,61.,99.5,91.,88.,85.,84.,82.,80.,78.,84.,83.,82.,81.,&

      79.,78.,85.,81.,83.,78.,80.,76.,86.,79.,74.,81.,75.,70.,71.,77.,73.,&

      70.,82.,87.,90.,77.,74.,99.5,94.,91.,89.,88.,86.,82.,81.,88.,87.,85.,&

      84.,82.,81.,89.,85.,85.,83.,83.,80.,89.,84.,80.,88.,83.,79.,78.,83.,&

      79.,77.,86.,89.,92.,82.,80.,99.5/

      CN2(ISA)=CNX(LUN(ISA),ISG(ISA))

      RETURN

      END






src/HSNOM.f90

      SUBROUTINE HSNOM

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY SNOW MELT WHEN THE AVERAGE AIR

!     TEMPERATURE EXCEEDS 0 DEGREES C.

      USE PARM

      X2=MIN(DST0(ISA),STMP(LID(2,ISA),ISA))

      X1=SQRT(TMX(IRF(ISA))*SRAD(IRF(ISA)))

      SNPKT=.3333*(2.*X2+TX)

      X3=TSNO(ISA)

      IF(SCLM(16)>0.)X3=MIN(X3,SCLM(16))

      F=X3/(X3+EXP(SCRP(16,1)-SCRP(16,2)*X3))

      SML=MAX(0.,X1*(1.52+.54*F*SNPKT))

      SML=MIN(SML,SNO(ISA))

      SNO(ISA)=SNO(ISA)-SML

      REP=MAX(1.,.042*SML)

      PRFF=.042

      DUR=24.

      RETURN

      END






src/HSWBL.f90

      SUBROUTINE HSWBL(P,WYI,WYO,SSTI,SSTO,ETSA,EVRT,EVRS,DPK,RG,RGDL,&

      QWT,RBK,RSIR,WLIR,GWTR,BSNO,FSNO,BSW,FSW,BRSV,FRSV,BGWS,FGWS,FSWL,&

      ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE SUBAREA SOIL WATER BALANCE AT THE END

!     OF A SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=BSW+BSNO+BRSV+BGWS+P+WYI-WYO+SSTI-SSTO-ETSA-EVRT-EVRS-DPK+RG-&

      RGDL+QWT+RBK-RSIR-WLIR+GWTR-FSW-FSNO-FRSV-FGWS-FSWL 

      X1=.5*(BSNO+FSNO+BSW+FSW+BRSV+FRSV+BGWS+FGWS)

      X2=.5*(WYI+WYO)

      PER=100.*DF/MAX(X1,X2)

	  WRITE(KW(1),2)ISA,NBSA(ISA) 

      WRITE(KW(1),3)PER,DF,BSW,BSNO,BRSV,BGWS,P,WYI,WYO,SSTI,SSTO,&

      ETSA,EVRT,EVRS,DPK,RG,RGDL,QWT,RBK,RSIR,WLIR,GWTR,FSW,FSNO,&

      FRSV,FGWS,FSWL

      IF(ABS(PER)>1.)WRITE(KW(36),2)ISA,NBSA(ISA),PER

      RETURN

    2 FORMAT(/T10,'SOIL WATER BALANCE(m3)',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,'BSNO=',&

      E13.6,2X,'BRSV=',E13.6,2X,'BGWS=',E13.6/5X,'PCP =',E13.6,2X,'WYLI=',&

      E13.6,2X,'WYLO=',E13.6,2X,'SSTI=',E13.6,2X,'SSTO=',E13.6,2X,'ETSA=',&

      E13.6/5X,'EVRT=',E13.6,2X,'EVRS=',E13.6,2X,'DPRK=',E13.6,2X,'IRG =',&

      E13.6,2X,'IRDL=',E13.6,2X,'QIN =',E13.6/5X,'RBK =',E13.6,2X,'RSIR=',&

      E13.6,2X,'WLIR=',E13.6,2X,'GWTR=',E13.6,2X,'FSW =',E13.6,2X,'FSNO=',&

      E13.6/5X,'FRSV=',E13.6,2X,'FGWS=',E13.6,2X,'FSWL=',E13.6)

      END






src/HSWBLD.f90

      SUBROUTINE HSWBLD(P,QSA,WYI,WYO,SSTI,SSTO,ETSA,EVRT,EVRS,PKRZ,DPK,&

      RSSF,RG,XEF,QWT,RBK,RSIR,WLIR,GWTR,BSNO,FSNO,BSW,FSW,BRSV,FRSV,&

      BGWS,FGWS,FSWL,BSALA,FSALA,ISA,NBSAX,IY,MO,KDA,KWX)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE SOIL WATER BALANCE AT THE END OF A

!     SIMULATION.

      DATA AD1/0./

      DF=BSW+BSNO+BRSV+BGWS+P+WYI-WYO+SSTI-SSTO-ETSA-EVRT-EVRS-DPK+RG-&

      XEF+QWT+RBK-RSIR-WLIR+GWTR-FSW-FSNO-FRSV-FGWS-FSWL

      AD1=AD1+DF

	  IF(ABS(DF)>.001)THEN

	      WRITE(KWX,2)ISA,NBSAX,IY,MO,KDA

          WRITE(KWX,3)DF,BSW,BSNO,BRSV,BGWS,P,QSA,WYI,WYO,SSTI,SSTO,&

          ETSA,EVRS,PKRZ,DPK,RSSF,RG,XEF,QWT,RBK,RSIR,WLIR,GWTR,FSW,&

          FSNO,FRSV,FGWS,BSALA,FSALA,AD1

      END IF

      RETURN

    2 FORMAT(/T10,'SOIL WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8,2X,3I4)

    3 FORMAT(5X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,'BSNO=',E13.6,2X,'BRSV=',&

      E13.6,2X,'BGWS=',E13.6,2X,'PCP =',E13.6/5X,'QSA =',E13.6,2X,'WYLI=',&

      E13.6,2X,'WYLO=',E13.6,2X,'SSTI=',E13.6,2X,'SSTO=',E13.6,2X,'ETSA=',&

      E13.6/5X,'EVRS=',E13.6,2X,'PKRZ=',E13.6,2X,'DPRK=',E13.6,2X,'RSSF=',&

      E13.6,2X,'IRG =',E13.6,2X,'IREF=',E13.6/5X,'QIN =',E13.6,2X,'RBK =',&

      E13.6,2X,'RSIR=',E13.6,2X,'WLIR=',E13.6,2X,'GWTR=',E13.6,2X,'FSW =',&

      E13.6/5X,'FSNO=',E13.6,2X,'FRSV=',E13.6,2X,'FGWS=',E13.6,2X,'BSAL=',&

      E13.6,2X,'FSAL=',E13.6,2X,'ERSM=',E13.6)

      END






src/HSWU.f90

      SUBROUTINE HSWU(CPWU,RGS)

!     APEX1501

!     THIS SUBPROGRAM DISTRIBUTES PLANT EVAPORATION THROUGH THE ROOT

!     ZONE AND CALCULATES ACTUAL PLANT WATER USE BASED ON SOIL WATER

!     AVAILABILITY.

      USE PARM

      BLM=S15(ISL,ISA)

      IF(Z(ISL,ISA)<=.5)BLM=PRMT(5)*S15(ISL,ISA)

      IF(ISL/=LID(1,ISA))THEN

          CALL CRGBD(RGS)

          CPWU=CPWU*RGS

      END IF

      SUM=EP(JJK)*(1.-EXP(-UB1(ISA)*GX/RD(JJK,ISA)))/UOB(ISA)

      TOS=36.*ECND(ISL,ISA)

      XX=LOG10(S15(ISL,ISA))

      X1=3.1761-1.6576*(LOG10(SWST(ISL,ISA))-XX)/(LOG10(FC(ISL,ISA))-XX)

      IF(X1<4.)THEN

          WTN=MAX(5.,10.**X1)

          XX=TOS+WTN

          IF(XX<5000.)THEN

              IF(SCLM(22)>0.)XX=MIN(XX,SCLM(22))

              F=1.-XX/(XX+EXP(SCRP(22,1)-SCRP(22,2)*XX))

              UW(ISL)=MIN(SUM-CPWU*AEP(JJK)-(1.-CPWU)*UX,SWST(ISL,ISA)-BLM)*F*RGS

              UW(ISL)=MAX(0.,UW(ISL))*SALF

          END IF    

      END IF

      UX=SUM

      RETURN

      END






src/HTR55.f90

      SUBROUTINE HTR55

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES PEAK RUNOFF RATES USING THE SCS TR55

!     EXTENDED METHOD.

      USE PARM

      DIMENSION PIAF(18)

      DATA PIAF/.0,.1,.2,.3,.35,.4,.45,.5,.55,.6,.65,.7,.75,.8,.85,.9,.95,1./

      IF(QRB>.35)THEN

          XOX=(QRB-.35)/.05+5.

      ELSE

          XOX=QRB/.1+1.

      END IF

      INT=XOX

      INT1=INT+1

      RTO=(QRB-PIAF(INT))/(PIAF(INT1)-PIAF(INT))

      X1=LOG(TC(IDO))

      Y1=HQP(X1,CQRB,ITYP,INT)

      IF(INT>=17)THEN

          Y=EXP(Y1)*(1.0-RTO)

      ELSE

          Y2=HQP(X1,CQRB,ITYP,INT1)

          Y=Y1+(Y2-Y1)*RTO

          Y=EXP(Y)

      END IF

      RQRB(IDO)=Y*RFV(IRF(ISA))

      RETURN

      END






src/HUSE.f90

      SUBROUTINE HUSE

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER WATER AND NUTRIENT USE SUBROUTINE.

!     CALLS HSWU AND NUPPO FOR EACH SOIL LAYER.

      USE PARM

      LRD(ISA)=0

      L1=0

      UX=0.

      SEP=0.

      SUM=0.

      TOT=0.

      CPWU=1.

      RGS=1.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          SUM=SUM+SWST(ISL,ISA)-FC(ISL,ISA)

          TOT=TOT+PO(ISL,ISA)-FC(ISL,ISA)

          SEP=Z(ISL,ISA)

          IF(L1>0)CYCLE

          IF(RD(JJK,ISA)>Z(ISL,ISA))THEN

              GX=Z(ISL,ISA)

          ELSE

              GX=RD(JJK,ISA)

              LRD(ISA)=MAX(LRD(ISA),J)

              L1=J

          END IF

          CALL HSWU(CPWU,RGS)

          AEP(JJK)=AEP(JJK)+UW(ISL)

      END DO 

      IF(LRD(ISA)==0)LRD(ISA)=NBSL(ISA)

      RTO=MIN(1.,SUM/TOT)

      F=100.*(RTO-CAF(JJK))/(1.0001-CAF(JJK))

      IF(F>0.)THEN

          IF(SCLM(7)>0.)F=MIN(F,SCLM(7))

          SAT=1.-F/(F+EXP(SCRP(7,1)-SCRP(7,2)*F))

      ELSE

          SAT=1.

      END IF

      RETURN

      END






src/HVOLQ.f90

      SUBROUTINE HVOLQ(IVR)

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY RUNOFF VOLUME AND PEAK RUNOFF RATE

!     GIVEN DAILY PRECIPITATION AND SNOW MELT.

      USE PARM

      REAL::WEIRL,PONDINGH,PADDYQ

      

      !Subarea's drainage area is determined based on reservoir's water surface area. Jaehak 2023

      WSAX1=10.*SALA(ISA)

      IF (WSAX1<0.0001)THEN

        !The entire subarea is flooded and no surface flow occurs.

        QVOL(IDO)=0

        QURB(IDO)=0

        QPR(IDO)=0

        RETURN

      ENDIF

      

      IF(IVR==0)THEN

          LD1=LID(1,ISA)

          IF(LUN(ISA)==35)THEN

              SCN=25400./CN0(ISA)-254.

              CN=CN0(ISA)

          ELSE

              SUM=0.

              ADD=0.

              IJ=NVCN(ISA)

              SELECT CASE(IJ)

                  CASE(0)

                      XX=0.

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                          ZZ=(Z(ISL,ISA)-XX)/Z(ISL,ISA)

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*ZZ/(FC(ISL,ISA)-S15(ISL,ISA))

                          ADD=ADD+ZZ

                          XX=Z(ISL,ISA)

                      END DO

                      IF(JJ<=NBSL(ISA))THEN 

                          ZZ=1.-XX

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*ZZ/(FC(ISL,ISA)-S15(ISL,ISA))

                          ADD=ADD+ZZ

                      END IF

                      SUM=SUM/ADD

                      IF(SUM>0.)THEN

                          SUM=100.*SUM

                          IF(SUM<1000.)THEN

                              IF(SCLM(30)>0.)SUM=MIN(SUM,SCLM(30))

                              SCN=SMX(ISA)*(1.-SUM/(SUM+EXP(CNSC(1,ISA)-CNSC(2,ISA)*SUM)))

                          ELSE

                              SCN=3.

                          END IF

                      ELSE   

                          SCN=SMX(ISA)*(1.-SUM)**2

                      END IF

                      SCN=SCNX(ISA)*SCN   

                  CASE(1)                           

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

                          ADD=ADD+FC(ISL,ISA)-S15(ISL,ISA)

                          L1=ISL

                      END DO

                      IF(JJ<=NBSL(ISA))THEN

                          RTO=(1.-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

                          SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*RTO

                          ADD=ADD+(FC(ISL,ISA)-S15(ISL,ISA))*RTO 

                      END IF

                      SUM=SUM/ADD

                      IF(SUM>0.)THEN

                          SUM=100.*SUM

                          IF(SUM<1000.)THEN

                              SCN=SMX(ISA)*(1.-SUM/(SUM+EXP(CNSC(1,ISA)-CNSC(2,ISA)*SUM)))

                          ELSE

                              SCN=3.

                          END IF

                      ELSE   

                          SCN=SMX(ISA)*(1.-SUM)**2

                      END IF

                      SCN=SCNX(ISA)*SCN   

                  CASE(2)

                      DO JJ=1,NBSL(ISA)

                          ISL=LID(JJ,ISA)

                          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

                          ADD=ADD+FC(ISL,ISA)-S15(ISL,ISA)

                          IF(Z(ISL,ISA)>1.)EXIT

                      END DO

                      SUM=SUM/ADD

                      IF(SUM<0.)THEN

                          SCN=SMX(ISA)*(1.-SUM)**2

                      ELSE    

                          RTO=MIN(.98,SUM)

                          SCN=SMX(ISA)*(1.-RTO)

                      END IF    

                  CASE(3)

                      SCN=25400./CN0(ISA)-254.

                      CN=CN0(ISA)     

                  CASE(4)

                      SCN=SCI(ISA)

              END SELECT

              IF(IJ/=3)THEN        

                  X1=PRMT(15)*(.01-RSD(LD1,ISA))

                  IF(X1>-10.)THEN

                      SCN=MAX(3.,(SCN-SMX(ISA))*EXP(X1)+SMX(ISA))  

                  ELSE

                      SCN=SMX(ISA)

                  END IF

                  IF(STMP(LID(2,ISA),ISA)<-1.)THEN

                      SCN=SCN*PRMT(22)

                  ELSE

                      IF(RFV(IRF(ISA))>0.)SCN=SCN*EXP(PRMT(25)*(.2-AL5))

	              END IF

                  CN=25400./(SCN+254.)

                  IF(ISCN==0)THEN

                      UPLM=MIN(99.5,CN+5.)

                      BLM=MAX(1.,CN-5.)

                      CN=ATRI(BLM,CN,UPLM,8)

                  END IF

                  SCN=25400./CN-254.

                  IF(SCN<3.)THEN

                      SCN=3.

                      CN=25400./(SCN+254.)

                  END IF    

              END IF

          END IF

          SCN2=PRMT(20)*SCN    

          TOT=100.

          DO I=1,9

              TOT=TOT-5.

              IF(CN>TOT)EXIT

          END DO

          CNDS(I,ISA)=CNDS(I,ISA)+1.

          IF(RFV(IRF(ISA))>0.)THEN

              SELECT CASE(INFL)

	              CASE(0)

	                  X1=RFV(IRF(ISA))-SCN2

                      IF(X1>0.)THEN

                          QVOL(IDO)=X1*X1/(RFV(IRF(ISA))+(1.-PRMT(20))*SCN)

                      ELSE

                          QVOL(IDO)=0.

                      END IF        

	              CASE(1,2)

	                  CALL HREXP

	              CASE(3)

	                  CALL HRUNF

                  CASE(4)

                      CALL HRFDTQ

              END SELECT

          END IF    

      ELSE

          QVOL(IDO)=EFI(ISA)*RFV(IRF(ISA))

      END IF

      IF(IFD(ISA)>0)THEN

          IF(DHT(ISA)>.1)THEN

              CALL HFURD

              X1=DVOL-MAX(0.,SWST(LD1,ISA)-PO(LD1,ISA))

              IF(QVOL(IDO)<X1)THEN

                  QVOL(IDO)=0.

                  IF(DHT(ISA)/DKHL(ISA)<.7)DHT(ISA)=DKHL(ISA)

              ELSE

                  DHT(ISA)=0.

                  IF(IDRL(ISA)==0.AND.CPHT(JJK,ISA)<1.)DHT(ISA)=DKHL(ISA)   

              END IF

              IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),17)ISA,NBSA(ISA),IYR,&

              MO,KDA,DHT(ISA),RHTT(ISA),QVOL(IDO),DVOL,X1,XHSM(ISA)

          END IF

      END IF

      !Paddy field water storage Jaehak jeong 2014

      IF(PADDY_HWEIR(ISA)>0)THEN 

          QVOL(IDO)=0.

          !PADDY_STO(1,ISA)=PADDY_STO(1,ISA)+RFV(IRF(ISA)) !mm

          !PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+(RFQN(ISA)+QN(ISA))/WSA(ISA) !minN kg/ha

          IF(PADDY_STO(1,ISA)>PADDY_HWEIR(ISA))THEN

              DO I=1,96

                  PONDINGH=(PADDY_STO(1,ISA)-PADDY_HWEIR(ISA))/1000.

                  IF(PONDINGH<=0.)EXIT

                  PADDYQ=1.84*PADDY_LWEIR(ISA)*PONDINGH**2.6

                  PADDYQ=900.*PADDYQ/WSAX1

                  QVOL(IDO)=QVOL(IDO)+PADDYQ

                  PADDY_STO(1,ISA)=PADDY_STO(1,ISA)-PADDYQ

              END DO    

          ELSE

              QVOL(IDO)=0.

          END IF

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),17)ISA,NBSA(ISA),IYR,&

          MO,KDA,DHT(ISA),RHTT(ISA),QVOL(IDO),DVOL,X1,XHSM(ISA)

      ELSE

          IF(PADDY_STO(1,ISA)>0)THEN

              QVOL(IDO)=QVOL(IDO)+PADDY_STO(1,ISA)+RFV(IRF(ISA))

              PADDY_STO(1,ISA)=0.

          END IF

      END IF

      !Urban impervious cover

      IF(URBF(ISA)>0.)THEN

          X1=RFV(IRF(ISA))-2.67

          IF(X1>0.)QURB(IDO)=X1*X1/(RFV(IRF(ISA))+10.69)

          QVOL(IDO)=QVOL(IDO)*(1.-URBF(ISA))+QURB(IDO)*URBF(ISA)

      END IF

      IF(RFV(IRF(ISA))>0.)THEN

          !X2=QVOL(IDO)/DUR

          !IF(X2>1.)THEN

              !X2=X2**.25

          !ELSE

              X2=1.

          !END IF

          X4=MIN(SPLG(ISA)/360.,TCS(ISA)/X2)

          TC(IDO)=X4+TCC(ISA)/X2

          SELECT CASE(ITYP)

              CASE(1,2,3,4)

                  TC(IDO)=TCC(ISA)+TCS(ISA)/SQRT(RFV(IRF(ISA)))

                  QRB=MIN(.95,SCN2/RFV(IRF(ISA)))

                  CALL HTR55

                  ALTC=MAX(ALMN,1.-EXP(-TC(IDO)*PRFF))

                  X1=ALTC*QVOL(IDO)

              CASE(0,-1)

                  ALTC=MAX(ALMN,1.-EXP(-TC(IDO)*PRFF))

                  X1=ALTC*QVOL(IDO)

                  RQRB(IDO)=X1/TC(IDO)

              CASE(5)

                  RTO=QVOL(IDO)/RFV(IRF(ISA))

                  DURE=DUR*RTO

                  !TPK=.1*DURE+TC(IDO)

                  TPK=TC(IDO)

                  !QPQX=MAX(.03,MIN(.5417*RTO-.0042,.465))

                  RTO=10.*RTO

                  QPQX=RTO/(RTO+EXP(SCRP(30,1)-SCRP(30,2)*RTO))

                  !RQRB(IDO)=2.*QPQX*QVOL(IDO)/TPK

                  RQRB(IDO)=MIN(.9*REP,2.*QPQX*QVOL(IDO)/TPK)

                  X1=.75*QVOL(IDO)

          END SELECT        

          QPR(IDO)=X1/X4

          IF(DALG(ISA)>0.)QVOL(IDO)=QVOL(IDO)*(X1-DALG(ISA))/X1

          IF(LUN(ISA)==35)ES=RFV(IRF(ISA))-QVOL(IDO)

      ELSE

          ES=0.

      END IF

      QVOL(IDO)=WSAX1*QVOL(IDO)

      QURB(IDO)=WSAX1*QURB(IDO)

      IF(NVCN(ISA)/=4)SCI(ISA)=SCN

      RETURN

   17 FORMAT(1X,2I8,1X,3I4,12X,'DHT= ',F6.0,'mm',2X,'RHTT= ',F6.0,&

      'mm',2X,'Q= ',F6.1,'mm',2X,'DV= ',F7.1,'mm',2X,'ADV= ',F7.1,'mm',&

      2X,'HUSC = ',F5.2)

      END






src/HWTBL.f90

      SUBROUTINE HWTBL

!     APEX1501

!     THIS SUBPROGRAM SIMULATES WATER TABLE DYNAMICS AS A FUNCTION

!     OF RAIN AND EVAP.

      USE PARM

!     RTO=100.*GWST(ISA)/GWMX(ISA)

!     WTBL(ISA)=WTMX(ISA)+(WTMN(ISA)-WTMX(ISA))*RTO/(RTO+EXP(SCRP(26,1)-&

!     SCRP(26,2)*RTO))

      RTO=(SMRF(ISA)-SMEO(ISA))/SMEO(ISA)

      IF(RTO>0.)THEN

          XX=WTMN(ISA)

          X1=1.

      ELSE

          XX=WTMX(ISA)

          X1=PRMT(87)*(REAL(IDA)/REAL(ND))**PRMT(89)

      END IF

      X2=MIN(PRMT(88),ABS(RTO)*X1)

      WTBL(ISA)=(WTBL(ISA)-(WTBL(ISA)-XX)*X2)

      SUM=0.

      TOT=0.

      IF(WTBL(ISA)<=Z(LID(NBSL(ISA),ISA),ISA))THEN

          XX=0.

          NN=0

          DO K=1,NBSL(ISA)

              ISL=LID(K,ISA)

              SUM=SUM+SWST(ISL,ISA)

              IF(WTBL(ISA)<=Z(ISL,ISA))THEN

                  IF(NN>0)THEN

                      SWST(ISL,ISA)=PO(ISL,ISA)

                  ELSE

                      NN=1

                      SWST(ISL,ISA)=(SWST(ISL,ISA)*(WTBL(ISA)-XX)+PO(ISL,ISA)*&

                      (Z(ISL,ISA)-WTBL(ISA)))/(Z(ISL,ISA)-XX)

                  END IF

              END IF

              TOT=TOT+SWST(ISL,ISA)

              XX=Z(ISL,ISA)

          END DO

      END IF

      XX=TOT-SUM

      QIN(MO,ISA)=QIN(MO,ISA)+XX

      XX=10.*XX*WSA(ISA)

      SMM(19,MO,ISA)=SMM(19,MO,ISA)+XX

      VAR(19,ISA)=XX

      RETURN

      END






src/HYDUNT.f90

      SUBROUTINE HYDUNT                                                              

!     THIS SUBPROGRAM DEVELOPS A UNIT HYDROGRAPH,CONVERTS MASS RAINFALL              

!     TO POINT RUNOFF,AND COMPUTES STORM HYDROGRAPHS BY SUMMATION.

      USE PARM

      DIMENSION CFS(MHP),QMS(MHP),QVX(MHP)

      CMM=WSA(ISA)/(DTHY*360.)

      IWH=0

      QI=QVOL(IDO)

      IF(QVOL(IDO)>QTH)IWH=1

      XLDW=100.*CHL(ISA)**2/WSA(ISA)                                                                                 

      !XK=.00282*WSA(ISA)**.325*CHS(ISA)**(-.729)*XLDW**.296                                

      !TPU=.0158*WSA(ISA)**.351*CHS(ISA)**(-.353)*XLDW**.45 

      XK=7.

      TPU=10.

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),7)IY,MO,KDA,IDO,ISA,NBSA(ISA),WSA(ISA),CN,&

          QVOL(IDO),TC(IDO),XK,TPU

      END IF

      QVX=0.

      QMS=0.

      XX=0.

      BRFX=0.

      TOT=0.

      T1=0. 

      DO I=2,NRF

          T1=T1+DTHY

          IF(INFL==4)THEN

              QVX(I)=QGA(I)

          ELSE

              X1=RFDT(I)-SCN2

              IF(X1>0.)THEN

                  QV=X1*X1/(RFDT(I)+.8*SCN)

              ELSE

                  QV=0.

              END IF

              QVX(I)=QV-XX

              XX=QV

          END IF

          BRFX=MAX(QVX(I),BRFX)

          TOT=TOT+QVX(I)

          QGA(I)=0.

      END DO                               

      BRFX=BRFX*CMM

      ! COMPUTE N BY ITERATION.

      XKTP=XK/TPU                                                                    

      XN=5.                                                                          

      DO I=1,20                                                                    

          XNM=XN-1.                                                                      

          T=1.+SQRT(1./XNM)                                                              

          TN=T**XNM                                                                      

          EE=EXP(-XNM*(T-1.))                                                            

          FU=EE*(XNM*(T**(XN-2.)-TN)+TN/XKTP)                                            

          IF(ABS(FU)<1.E-4)EXIT                                                    

          IF(I>1)THEN

              DFDN=(FU-FU1)/(XN-XN1)                                                         

              DXN=FU/DFDN                                                                    

              ADX=ABS(DXN)                                                                   

              IF(ADX>.5*XNM)DXN=.5*XNM*ADX/DXN                                            

          ELSE                                                             

              DXN=-.1                                                                        

          END IF

          FU1=FU                                                                         

          XN1=XN                                                                         

          XN=XN-DXN

      END DO

      IF(KFL(26)>0.AND.I>20)WRITE(KW(26),'(T2,A)')'N DID NOT CONVERGE'                                                                                                                        

      !     DETERMINE C1. 

      TINF=T

      DELT=T/50.                                                                 

      TC1=0.                                                                         

      SUM=0.

      DO I=2,51 

          TC1=TC1+DELT                                                                   

          X1=(TC1**XNM)*EXP(XNM*(1.-TC1))

          SUM=SUM+X1

      END DO 

      SUM=SUM-X1/2.                                                                

      C1=SUM*DELT

      CFSII=X1                                                                  

      TTINF=TINF*TPU                                                                 

      TREC1=TTINF+2.*XK                                                              

      EEE=EXP((TTINF-TREC1)/XK)                                                      

      XK1=XK                                                                     

      ! COMPUTE B,QPK,AND CFSI.                                                         

      B=360.*(C1+CFSII*(XKTP*(1.-EEE)+EEE*(XK1/TPU)))                                                                                                     

      QPK=WSA(ISA)/(B*TPU)

      CFSI=QPK*X1                                                                

      CFSR1=CFSI*EEE                                                                                                                               

      SUM=0.                                                                         

!     COMPUTE UNIT HYDROGRAPH.                                                       

      T2=0.                                                                          

      CFS(1)=0.

      DO I=2,MHP 

          T2=T2+DTHY

          IF(T2<=TTINF)THEN

              CFS(I)=QPK*((T2/TPU)**XNM)*EXP(XNM *( 1.-T2/TPU))                               

          ELSE                  

              IF(T2<=TREC1)THEN

                  CFS(I)=CFSI*EXP((TTINF-T2)/XK)                                                 

              ELSE

                  CFS(I)=CFSR1*EXP((TREC1-T2)/XK1)                                               

                  IF(CFS(I)<=.0001)EXIT

              END IF

          END IF                                                                              

          SUM=SUM+CFS(I)

      END DO

      ICND=I                                                                         

      SUM=SUM/CMM

      IF(KFL(26)>0)THEN

          WRITE(KW(26),30)XK,TPU,XN,QPK,SUM,TOT,BRFX                              

          WRITE(KW(26),9)

      END IF    

!     COMPUTE STORM HYDROGRAPH.                                                      

      DO J=2,NRF                                                                  

          N=MIN(MHP,J+ICND-2)                                                                     

          I=2                                                                            

          DO K=J,N                                                                    

              QMS(K)=QMS(K)+QVX(J)*CFS(I)                                           

              I=I+1

          END DO

      END DO                                                                          

      NHY(IDO)=N

      QPK=0.

      TPK=0.

      T1=0.

      SUM=0.

      I=0

      DO K=1,NPD

          I=I+1

          CFS(I)=QHY(K,IDO,IHX(1))

          QHY(K,IDO,IHX(1))=QHY(K,IDO,IHX(1))+QMS(I)

          SUM=SUM+QHY(K,IDO,IHX(1))

          IF(QHY(K,IDO,IHX(1))>QPK)THEN

              QPK=QHY(K,IDO,IHX(1))

              TPK=T1

          END IF

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)T1,RFDT(I),QVX(I),QMS(I),&

          CFS(I),QHY(K,IDO,IHX(1))

          T1=T1+DTHY

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMM

	  HYDV(IDO)=SUM

	  IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDO,ISA,NBSA(ISA),QI,SUM,&

      QPK,TPK

      RQRB(IDO)=QPK*360./WSA(ISA)

      !NQRB(IDO)=NQRB(IDO)+1

      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !PRSD(ISA)=PRSD(ISA)+RQRB(IDO)*RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !X1=RQRB(IDO)/QI

      !IF(X1>QRQB(ISA))QRQB(ISA)=X1

      !QRBQ(ISA)=QRBQ(ISA)+X1

      TCAV(IDO)=TCAV(IDO)+TC(IDO)

      IF(TC(IDO)<TCMX(IDO))THEN

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      ELSE

          TCMX(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          T1=T1-DTHY

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QHY(K,IDO,IHX(J))+QMS(I)

              IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)T1,RFDT(I),QVX(I),QHY(K,IDO,IHX(J))

              T1=T1+DTHY

          END DO

          IF(I>NHY(IDO))EXIT

	  END DO

      IF(SUM<.01)NHY(IDO)=0

            IF(INFL/=4)NRF=0

      RETURN

    6 FORMAT(6X,3F10.2,3E13.5)  

    7 FORMAT(//T10,'COMPUTE HYD'/T10,'DATE(Y-M-D)=',3I4,2X,'IDO= ',I8&

      ,2X,'ISA= ',I8,2X,'IDSA= ',I8/T10,'WSA= ',F12.1,' ha',2X,'CN= ',&

      F5.1,2X,'QVOL= ',F7.3,' mm',2X,'TC= ',F5.2,' h',2X,'XK= ',F7.3,&

      ' h',2X,'TPU= ',F7.3,' h')

    8 FORMAT(5X,'IDO= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'QVOL=',F8.3,&

      ' mm',2X,'HYD VOL= ',F8.3,' mm'/5X,'PEAK RATE= ',E13.5,' m3/s',2X,&

      'TP= ',F7.2,' h')

    9 FORMAT(//11X,'Th',9X,'RFmm',6X,'QVmm',5X,'DFLOm3/s',6X,'PFLOm3/s',&

      6X,'TFLOm3/s')  

   30 FORMAT(T10,'K=',F7.3,' h'/T10,'TP=',F7.3,' h'/T10,'SHAPE CONSTANT,N=',&

      F6.3/T10,'UNIT PEAK=',F10.3,' m3/s'/T10,'UNIT VOLUME=',F6.3,' mm'/T10,&

      'RF EXCESS'/T15,'VOL=',F7.2,' mm'/T15,'QPK=',F10.1,' m3/s'/)                        

      END          






src/ICECALC.f90

      SUBROUTINE ICECALC(IFW)
      ! APEX1501
      ! CORRECT VOLWC FOR FREEZING WHEN TEMPERATURE IS BELOW 0C.  ICE
      ! FRACTION IS ASSUMED TO BE A LINEAR RAMP BETWEEN 0C AND -8C.  WE
      ! SET A FLOOR OF 1.0E-8 ON THE RESIDUAL WATER FRACTION IN ORDER TO
      ! PREVENT DIVIDE-BY-ZERO PROBLEMS AND TO ENSURE THAT THIS FUNCTION
      ! IS INVERTIBLE.
      USE PARM
      DO J=1,NBCL
          IF(SOT(J,ISA)<0.)THEN
              ! SET A FLOOR ON FAC TO AVOID POSSIBLE DIVIDE-BY-ZERO AND TO ENSURE RELATION IS INVERTIBLE
              FAC=MAX(1.+.125*SOT(J,ISA),1.0E-8)
              IF(IFW==0)THEN
                  TPOR(J,ISA)=TPOR(J,ISA)-(1.-FAC)*VWC(J,ISA) ! REDUCE TOTAL POROSITY BY THE VOLUME OF THE ICE COMPONENT
                  VWC(J,ISA)=VWC(J,ISA)*FAC
              ELSE
                  VWC(J,ISA)=VWC(J,ISA)/FAC
                  TPOR(J,ISA)=TPOR(J,ISA)+(1.0-FAC)*VWC(J,ISA) ! ADD THE ICE BACK TO THE TOTAL
              END IF
          END IF    
      END DO
      RETURN
      END







src/INIFP.f90

      SUBROUTINE INIFP(I3,II,JJ,JRT)

!     APEX1501

!     THIS SUBPROGRAM ALLOWS INPUT TO OPERATION SCHEDULE FOR IRRIGATION,

!     FERTILIZER, OR PESTICIDE APPLICATION

      USE PARM

      J1=0

      SELECT CASE(I3)

          CASE(7)

              KP=KP+1

              NPC(KP)=JJ

              KPC(KP)=JX(2)

              JPC(KP)=JX(3)

              PSTR(II,KP,ISA)=OPV(1)

              PSTE(II,KP,ISA)=OPV(2)

              CALL PSTTBL

              LPC(II,KP,ISA)=KDP1(JX(7))

          CASE(8)

              VIRR(II,JJ,ISA)=OPV(1)

              IF(ABS(OPV(3))>1.E-5)BIR(ISA)=OPV(3)

              IF(OPV(4)>0.)EFI(ISA)=OPV(4)

              IF(OPV(5)>0.)FIRG(ISA)=OPV(5)

              IF(OPV(6)>0.)HMIN_IRR(II,JJ,ISA)=OPV(6) !PADDY minimum ponding depth that triggers irrigation JAEHAK JEONG 2016

              KI=KI+1

              NIR(KI)=JX(2)

              IIR(KI)=JX(3)

              KIR(KI)=JJ

          CASE(9)

              WFA(II,JJ,ISA)=OPV(1)

              CALL NFTBL(L)

              LFT(II,JJ,ISA)=KDF1(JX(7))      

              KF=KF+1

          CASE(15) !SET PADDY OUTLET WEIR HEIGHT 

              HWEIR(II,JJ,ISA)=OPV(1) !PADDY MODEL JAEHAK JEONG 2014

              LWEIR(II,JJ,ISA)=OPV(2) !PADDY WEIR WIDTH, M

          CASE(27)

              WMUCH(II,JJ,ISA)=OPV(1)

          CASE DEFAULT

              J1=1

      END SELECT

      IF(J1==0)THEN

          TIR(II,JJ,ISA)=BIR(ISA)

          CND(II,JJ,ISA)=CN2(ISA)

          QIR(II,JJ,ISA)=EFI(ISA)

          FIRX(II,JJ,ISA)=FIRG(ISA)

          JRT=1

      ELSE    

          IF(I3==NHC(19))THEN

              RST0(ISA)=OPV(1)

              IF(OPV(1)>0.)IGZX(1,1)=ISA

          END IF

          IF(OPV(2)<0.)THEN

              CN2(ISA)=-OPV(2)      

          ELSE

              IF(OPV(2)>0.)THEN

	              LUN(ISA)=OPV(2)

	              LUN(ISA)=LUN(ISA)+LUNS(ISA)

                  CALL HSGCN

              END IF

          END IF

          CND(II,JJ,ISA)=CN2(ISA)

          IF(ABS(OPV(3))>1.E-5)BIR(ISA)=OPV(3)

          TIR(II,JJ,ISA)=BIR(ISA)

          IF(OPV(4)>0.)EFI(ISA)=OPV(4)

          QIR(II,JJ,ISA)=EFI(ISA)

          FIRX(II,JJ,ISA)=FIRG(ISA)

          RSTK(II,JJ,ISA)=RST0(ISA)

          JRT=0

      END IF    

      RETURN

      END






src/MAIN_1501.f90

!     PROGRAM APEX1501

!     THIS MODEL IS CALLED APEX(AGRICULTURAL POLICY/ENVIRONMENTAL

!     EXTENDER)

!     IT IS A COMPREHENSIVE AGRICULTURAL MANAGEMENT MODEL THAT IS USEFUL

!     IN SOLVING A VARIETY OF PROBLEMS INVOLVING SUSTAINABLE

!     AGRICULTURE, WATER QUALITY, WATER SUPPLY, AND GLOBAL CLIMATE

!     & CO2 CHANGE.  THE MODEL SIMULATES MOST COMMONLY USED

!     MANAGEMENT PRACTICES LIKE TILLAGE, IRRIGATION, FERTILIZATION,

!     PESTICIDE APPLICATION, LIMING, AND FURROW DIKING.

!     THE WATERSHED MAY BE DIVIDED INTO SUBAREAS(SUBWATERSHEDS,

!     FIELDS, LANDSCAPE POSITIONS, ETC). RUNOFF, SEDIMENT, AND AG

!     CHEMICALS ARE ROUTED AS SURFACE, SUBSURFACE, AND CHANNEL FLOW.

!     THE MAIN PROGRAM INITIALIZES VARIABLES, ACCUMULATES

!     MONTHLY AND ANNUAL VALUES, AND COMPUTES AVERAGE VALUES FOR THE

!     SIMULATION PERIOD.

	  PROGRAM MAIN

	   USE PARM

      USE HPERC2_INIT !J Jeong to add Richards equation 2017

	   CHARACTER(1)::ASG

      CHARACTER(2)::RFPT

      CHARACTER(4)::HEDW

      CHARACTER(7)::AUNT

	   CHARACTER(8)::ASOL,RCMD

      CHARACTER(10)::FMT

      CHARACTER(80)::ASOT,ASTN,FPSOD,OPSCFILE,FRFDT,RFTFILE,SOILFILE,&

      TITWP,WINDFILE,WPMFILE

      CHARACTER(80)::ADFL,ADUM,AWTH,TITWN,TMPSTR

      REAL::TMPFL

	  REAL,DIMENSION(:),ALLOCATABLE:: SAV

	  INTEGER,DIMENSION(:),ALLOCATABLE:: IDOS,NX

      DIMENSION HEDW(16),TITWP(10),ASG(4)

	  DIMENSION NY(20),KFL0(51),IWPM(10),MNX(20)

      DIMENSION SMWD(3000),&!XGCO2(200),XGN2O(30),XGO2(30),&    ! Commented, added in allocated_parms, deallocate, modparms - Luca Doro 20190827

      TWB(11),YTP(16),FWXP(10),COCH(6),RCMD(5),RFPT(4)

      DIMENSION RMO(10,12),SCRX(35,2)

	   DATA RFPT/' 1','1A',' 2',' 3'/,RCMD/'SUBAREA ','ROUTE   ',&

      'ADD     ','ROUTE RS','ROUTE PD'/,ASG/'A','B','C','D'/,HEDW/'   N'&

      ,' NNE','  NE',' ENE','   E',' ESE','  SE',' SSE','   S',' SSW',&

      '  SW',' WSW','   W',' WNW','  NW',' NNW'/

      CALL AHEAD

	   ADUM='APEXRUN.DAT'

      CALL OPENV(KR(11),ADUM,0)

      ADUM='APEXFILE.DAT'

      CALL OPENV(KR(12),ADUM,0)

      ADUM='APEXCONT.DAT'

      CALL OPENV(KR(20),ADUM,0)

      ADUM='APEXDIM.DAT'

      CALL OPENV(KR(26),ADUM,0)

      ! READ DIMENSIONS

      ! 1 MPS = MAX # PESTICIDES

      ! 2 MRO = MAX # YRS CROP ROTATION

      ! 3 MNT = MAX # TILLAGE OPERATIONS

      ! 4 MNC = MAX # CROPS USED

      ! 5 MHD = MAX # ANIMAL HERDS

      ! 6 MBS = MAX # BUY/SELL LIVESTOCK TRANSACTIONS

      ! 7 MFT = MAX # FERTILIZER

      ! 8 MPO = MAX # POINT SOURCES

      ! 9 MHP = MAX# HYDROGRAPH POINTS

      !10 MHX = MAX# DAYS FOR STORM HYDROGRAPH BASE

      !11 MSA = MAX# SUBAREAS

      !12 MIR = MAX# IRRIGATION APPLICATIONS

      READ(KR(26),*)MPS,MRO,MNT,MNC,MHD,MBS,MFT,MPO,MHP,MHX,MSA,MIR

      !READ FILE NAMES

      READ(KR(12),509)FSITE,FSUBA,FWPM,FWIND,FCROP,FTILL,FPEST,FFERT,&

      FSOIL,FOPSC,FTR55,FPARM,FMLRN,FPRNT,FHERD,FWLST,FPSOD,FRFDT,FLWE 

        WRITE(*,508)'FSITE',FSITE,'FSUBA',FSUBA,'FWPM',FWPM,'FWIND',FWIND,&

      'FCROP',FCROP,'FTILL',FTILL,'FPEST',FPEST,'FFERT',FFERT,'FSOIL',&

      FSOIL,'FOPSC',FOPSC,'FTR55',FTR55,'FPARM',FPARM,'FMLRN',FMLRN,&

      'FPRNT',FPRNT,'FHERD',FHERD,'FWLST',FWLST,'FPSOD',FPSOD,'FRFDT',FRFDT,&

      'FLWE',FLWE     

      !  1  NBY0 = NUMBER OF YEARS OF SIMULATION

      !  2  IYR0 = BEGINNING YEAR OF SIMULATION

      !  3  IMO  = MONTH SIMULATION BEGINS

      !  4  IDA  = DAY OF MONTH SIMULATION BEGINS

      !  5  IPD  = N0 FOR ANNUAL WATERSHED OUTPUT

      !          = N1 FOR ANNUAL OUTPUT                       | N YEAR INTERVAL

      !          = N2 FOR ANNUAL WITH SOIL TABLE              | N=0 SAME AS

      !          = N3 FOR MONTHLY                             | N=1 EXCEPT

      !          = N4 FOR MONTHLY WITH SOIL TABLE             | N=0 PRINTS

      !          = N5 FOR MONTHLY WITH SOIL TABLE AT HARVEST  | OPERATIONS

      !          = N6 FOR N DAY INTERVAL

      !          = N7 FOR SOIL TABLE ONLY N DAY INTERVAL

      !          = N8 FOR SOIL TABLE ONLY DURING GROWING SEASON N DAY INTERVAL

      !          = N9 FOR N DAY INTERVAL DURING GROWING SEASON

      !  6  NGN0 = ID NUMBER OF WEATHER VARIABLES INPUT.  RAIN=1,  TEMP=2,

      !            RAD=3,  WIND SPEED=4,  REL HUM=5.  IF ANY VARIABLES ARE INP

      !            RAIN MUST BE INCLUDED.  THUS, IT IS NOT NECESSARY TO SPECIF

      !            ID=1 UNLESS RAIN IS THE ONLY INPUT VARIABLE.

      !            NGN=-1 ALL VARIABLES GENERATED(SAME VALUES ALL SUBAREAS).

      !            NGN=0  ALL VARIABLES GENERATED(SPATIALLY DISTRIBUTED).  

      !            EXAMPLES

      !            NGN=1 INPUTS RAIN.

      !            NGN=23 INPUTS RAIN, TEMP, AND RAD.

      !            NGN=2345 INPUTS ALL 5 VARIABLES.

      !  7  IGN  = NUMBER TIMES RANDOM NUMBER GEN CYCLES BEFORE

      !            SIMULATION STARTS

      !  8  IGS0 = 0 FOR NORMAL OPERATION OF WEATHER MODEL.

      !          = N NO YRS INPUT WEATHER BEFORE REWINDING (USED FOR REAL TIME

      !            SIMULATION).

      !  9  LPYR = 0 IF LEAP YEAR IS CONSIDERED

      !          = 1 IF LEAP YEAR IS IGNORED

      ! 10  IET  = PET METHOD CODE

      !          = 1 FOR PENMAN-MONTEITH

      !          = 2 FOR PENMAN

      !          = 3 FOR PRIESTLEY-TAYLOR

      !          = 4 FOR HARGREAVES

      !          = 5 FOR BAIER-ROBERTSON

      ! 11  ISCN = 0 FOR STOCHASTIC CURVE NUMBER ESTIMATOR.

      !          > 0 FOR RIGID CURVE NUMBER ESTIMATOR.

      ! 12  ITYP = 0 FOR MODIFIED RATIONAL EQ STOCHASTIC PEAK RATE ESTIMATE.

      !          < 0 FOR MODIFIED RATIONAL EQ RIGID PEAK RATE ESTIMATE.

      !          > 0 FOR SCS TR55 PEAK RATE ESTIMATE.

      !          = 1 FOR TYPE 1 RAINFALL PATTERN

      !          = 2     TYPE 1A

      !          = 3     TYPE 2

      !          = 4     TYPE 3

      !          = 5 FOR SCS UNIT HYD PEAK RATE ESTIMATE

      ! 13  ISTA = 0 FOR NORMAL EROSION OF SOIL PROFILE

      !          = 1 FOR STATIC SOIL PROFILE

      ! 14  IHUS = 0 FOR NORMAL OPERATION

      !          = 1 FOR AUTOMATIC HEAT UNIT SCHEDULE(PHU MUST BE INPUT AT

      !              PLANTING)

      ! 15  NVCN0= 0 VARIABLE DAILY CN NONLINEAR CN/SW WITH DEPTH SOIL WATER

      !              WEIGHTING

      !          = 1 VARIABLE DAILY CN NONLINEAR CN/SW NO DEPTH WEIGHTING

      !          = 2 VARIABLE DAILY CN LINEAR CN/SW NO DEPTH WEIGHTING

      !          = 3 NON-VARYING CN--CN2 USED FOR ALL STORMS

      !          = 4 VARIABLE DAILY CN SMI(SOIL MOISTURE INDEX)

      ! 16  INFL = 0 FOR CN ESTIMATE OF Q

      !          = 1 FOR GREEN & AMPT ESTIMATE OF Q, RF EXP DST, PEAK RF RATE

      !              SIMULATED.

      !          = 2 FOR G&A Q, RF EXP DST, PEAK RF INPUT

      !          = 3 FOR G&A Q, RF UNIFORMLY DST, PEAK RF INPUT

      !          = 4 FOR G&A Q, RF INPUT AT TIME INTERVAL DTHY

      ! 17  MASP = 1 FOR PESTICIDE APPLIED IN g/ha

      !          = 1000 FOR PESTICIDE APPLIED IN kg/ha

      ! 18  IERT = 0 FOR EPIC ENRICHMENT RATIO METHOD

      !          = 1 FOR GLEAMS ENRICHMENT RATIO METHOD

      ! 19  LBP  = 0 FOR SOL P RUNOFF ESTIMATE USING GLEAMS PESTICIDE EQ

      !          = 1 FOR LANGMUIR EQ

      ! 20  NUPC = N AND P PLANT UPTAKE CONCENTRATION CODE

      !          = 0 FOR SMITH CURVE

      !          > 0 FOR S CURVE

      ! 21  MNUL = MANURE APPLICATION CODE

      !          = 0 FOR AUTO APPLICATION TO SUBAREA WITH MINIMUM LAB P CONC

      !          = 1 FOR VARIABLE P RATE LIMITS ON ANNUAL APPLICATION BASED ON

      !            JAN 1 LAB P CONC.

      !          = 2 FOR VARIABLE N RATE LIMITS ON ANNUAL APPLICATION BASED ON

      !            JAN 1 LAB P CONC.

      !          = 3 SAME AS 1 EXCEPT APPLICATIONS OCCUR ON ONE SUBAREA AT A 

      !            TIME UNTIL LAB P CONC REACHES 200 ppm. THEN ANOTHER SUBAREA

      !            IS USED, ETC.

      ! 22  LPD  = DAY OF YEAR TO TRIGGER LAGOON PUMPING DISREGARDING NORMAL

      !            PUMPING TRIGGER--USUALLY BEFORE WINTER OR HIGH RAINFALL 

      !            SEASON.

      !          = 0 DOES NOT TRIGGER EXTRA PUMPING

      ! 23  MSCP = INTERVAL FOR SCRAPING SOLID MANURE FROM FEEDING AREA (d)

      ! 24  ISLF = 0 FOR RUSLE SLOPE LENGTH/STEEPNESS FACTOR

      !          > 0 FOR MUSLE SLOPE LENGTH/STEEPNESS FACTOR

      ! 25  NAQ  > 0 FOR AIR QUALITY ANALYSIS

      !          = 0 NO AIR QUALITY ANALYSIS

      ! 26  IHY  = 0 NO FLOOD ROUTING

      !          = 1 VSC FLOOD ROUTING

      !          = 2 SVS FLOOD ROUTING

      !          = 3 MUSKINGUM-CUNGE VC

      !          = 4 MUSKINGUM-CUNGE M_CVC4 

      ! 27  ICO2 = 0 FOR CONSTANT ATMOSPHERIC CO2

      !          = 1 FOR DYNAMIC ATMOSPHERIC CO2

      !          = 2 FOR INPUTTING CO2

      ! 28  ISW  = 0 FIELD CAP/WILTING PT EST RAWLS METHOD DYNAMIC.

      !          = 1 FIELD CAP/WILTING PT INP RAWLS METHOD DYNAMIC.

      !          = 2 FIELD CAP/WILTING PT EST RAWLS METHOD STATIC.

      !          = 3 FIELD CAP/WILTING PT INP STATIC.

      !          = 4 FIELD CAP/WILTING PT NEAREST NEIGHBOR DYNAMIC

      !          = 5 FIELD CAP/WILTING PT NEAREST NEIGHBOR STATIC

      !          = 6 FIELD CAP/WILTING PT BEHRMAN-NORFLEET-WILLIAMS (BNW) DYNAMIC                         

      !          = 7 FIELD CAP/WILTING PT BEHRMAN-NORFLEET-WILLIAMS (BNW) STATIC

      ! 29  IGMX = # TIMES GENERATOR SEEDS ARE INITIALIZED FOR A SITE.

      ! 30  IDIR = 0 FOR READING DATA FROM WORKING DIRECTORY

      !          > 0 FOR READING FROM WEATDATA DIRECTORY

      ! 31  IMW0 = MIN INTERVAL BETWEEN AUTO MOW 

      ! 32  IOX  = 0 FOR ORIGINAL EPIC OXYGEN/DEPTH FUNCTION

      !          > 0 FOR ARMEN KEMANIAN CARBON/CLAY FUNCTION

      ! 33  IDNT = 1 FOR ORIGINAL EPIC DENITRIFICATION SUBPROGRAM

      !          = 2 FOR ARMEN KEMANIAN DENITRIFICATION SUBPROGRAM

      !          = 3 FOR CESAR IZAURRALDE DENITRIFICATION SUBPROGRAM (ORIGINAL DW)

      !          = 4 FOR CESAR IZAURRALDE DENITRIFICATION SUBPROGRAM (NEW DW)     

      ! 34  IAZM = 0 FOR USING INPUT LATITUDES FOR SUBAREAS

      !          > 0 FOR COMPUTING EQUIVALENT LATITUDE BASED ON AZIMUTH 

      !            ORIENTATION OF LAND SLOPE.

      ! 35  IPAT = 0 TURNS OFF AUTO P APPLICATION

      !          > 0 FOR AUTO P APPLICATION

      ! 36  IHRD = 0 FOR LEVEL 0(MANUAL) GRAZING MODE(NO HERD FILE REQUIRED)

      !          = 1 FOR LEVEL 1(HYBRID) GRAZING MODE(HERD FILE REQUIRED) 

      !          = 2 FOR LEVEL 2(AUTOMATIC) GRAZING MODE(HERD FILE REQUIRED)  

      ! 37  IWTB = DURATION OF ANTEDEDENT PERIOD FOR RAINFALL AND PET 

      !            ACCUMULATION TO DRIVE WATER TABLE.

      ! 38  IKAT = 0 TURNS OFF AUTO K APPLICATION

      !          > 0 FOR AUTO K APPLICATION

      ! 39  NSTP = REAL TIME DAY OF YEAR

      ! 40  IPRK = 0 FOR HPERC 

      !          = 1 FOR HPERC1 (4MM SLUG FLOW)

      !          = 2 FOR HPERC2 (Richard's equation)

      ! 41  ICP  = 0 FOR NCNMI_PHOENIX

      !          > 0 FOR NCNMI_CENTURY

      ! 42  NTV  = 0 FOR ORIGINAL APEX NITVOL EQS

      !          > 0 FOR IZAURRALDE REVISED NITVOL EQS

      ! 43  IREM = 0 SSK FROM REMX

      !          > 0 SSK FROM USLE

      ! 44  IHAY = 0 FOR NO HAY FEEDING

      !          > 0 FOR HAY FEEDING WHEN FORAGE IS < GZLM

      ! 45  ISAP = DOUBLE VARIABLE (ISA/IPCD) TO PRINT DAILY BALANCES USING SR NCONT

      !            IPCD=1 FOR C

      !                =2 FOR H2O

      !                =3 FOR P

      !                =4 FOR N

      !            NBSA=SELECTED SA ID #   

      !     LINE 1/2

      READ(KR(20),*)NBY0,IYR0,IMO,IDA0,IPD,NGN0,IGN,IGSD,LPYR,IET,&

      ISCN,ITYP,ISTA,IHUS,NVCN0,INFL,MASP,IERT,LBP,NUPC,MNUL,LPD,MSCP,&

      ISLF,NAQ,IHY,ICO2,ISW,IGMX,IDIR,IMW0,IOX,IDNT,IAZM,IPAT,IHRD,IWTB,&

      IKAT,NSTP,IPRK,ICP,NTV,IREM,IHAY,ISAP

      IF(IWTB==0)IWTB=15

      CALL AISPL(ISAP,JJ)

      IPCD=ISAP

      ISAP=JJ

	  

	  IF(IDNT<1.OR.IDNT>4) THEN

		  IDNT=2 !Default denitrification method

	  ENDIF

	  

      IF(ISW==4.OR.ISW==5)THEN

          ADUM='SOIL35K.DAT'

          CALL OPENV(KR(28),ADUM,IDIR)

          READ(KR(28),140)XAV,XDV,XRG,BRNG,NSX

          ALLOCATE(XSP(NSX,5))

		  NSNN=.655*NSX**.493

		  EXNN=.767*NSX**.049

	  	  DO I=1,NSX

			  READ(KR(28),140)(XSP(I,J),J=1,5)

          END DO

		  CLOSE(KR(28))

      END IF

      CALL OPENV(KR(2),FPARM,0)

      CALL OPENV(KR(17),FPRNT,0)

      CALL OPENV(KR(6),FMLRN,0)

      CALL OPENV(KR(18),FWPM,IDIR)

      CALL OPENV(KR(19),FWIND,IDIR)

      CALL OPENV(KR(4),FCROP,IDIR)

      CALL OPENV(KR(3),FTILL,IDIR)

      CALL OPENV(KR(8),FPEST,IDIR)

      CALL OPENV(KR(9),FFERT,IDIR)

      CALL OPENV(KR(10),FTR55,IDIR)      

      CALL OPENV(KR(13),FSOIL,IDIR)

      CALL OPENV(KR(15),FOPSC,IDIR)      

	  IF(IHRD>0)CALL OPENV(KR(21),FHERD,IDIR) 

      CALL OPENV(KR(23),FSITE,IDIR)

      CALL OPENV(KR(24),FSUBA,IDIR)

	  CALL OPENV(KR(25),FWLST,IDIR)

	  CALL OPENV(KR(27),FPSOD,IDIR)

	  IRUN=0

	  IDAY=0

	  IMON=0

	  IT1=0

	  IT2=0

	  IT3=0

	  IYER=0

	  NMC=0

      ! SCRP = S CURVE SHAPE PARAMETERS(CONSTANTS EXCEPT FOR

      !        EXPERIMENTAL PURPOSES)

      ! LINE 1/35

      READ(KR(2),2510)((SCRP(I,J),J=1,2),I=1,35)

      ! MISCELLANEOUS PARAMETERS (CONSTANTS EXCEPT FOR EXPERIMENTAL PURPO

      ! LINE 36/46

      READ(KR(2),3120)PRMT

      IF(PRMT(96)==0.)PRMT(96)=1.

      ! READ ECONOMIC DATA

      ! 1  COIR = COST OF IRRIGATION WATER ($/mm)

      ! 2  COL  = COST OF LIME ($/t)

      ! 3  FULP = COST OF FUEL ($/l)

      ! 4  WAGE = LABOR COST ($/h)

      ! LINE 47

      READ(KR(2),3120)COIR,COL,FULP,WAGE

      ! LINE 48

      READ(KR(2),3120)XKN5,XKN3,XKN1,CBVT                              

      CLOSE(KR(2))

      ! CQRB  = COEFS OF 7TH DEG POLY IN TR55 QRB EST

      ! LINE 1/68

      READ(KR(10),396)CQRB

      ! COCH = COEFS FOR CHANNEL GEOMETRY X=COCH(N)*WSA**COCH(N+1)

      ! X=WIDTH FOR COCH(1) & COCH(2)

      ! X=DEPTH FOR COCH(3) & COCH(4)

      ! X=LENGTH FOR COCH(5) & COCH(6)

      ! LINE 69

      READ(KR(10),3120)COCH

      IF(COCH(1)<1.E-10)COCH(1)=.0814

      IF(COCH(2)<1.E-10)COCH(2)=.6

      IF(COCH(3)<1.E-10)COCH(3)=.0208

      IF(COCH(4)<1.E-10)COCH(4)=.4

      IF(COCH(5)<1.E-10)COCH(5)=.0803

      IF(COCH(6)<1.E-10)COCH(6)=.6

      CLOSE(KR(10))

      !     KA   = OUTPUT VARIABLE ID NO(ACCUMULATED AND AVERAGE VALUES)

      !     LINE 1/5

      READ(KR(17),3100)(KDC1(I),I=1,NKA)

      DO I=1,NKA

          IF(KDC1(I)<=0)EXIT

          KA(I)=KDC1(I)

      END DO

      NKA=I-1

      ! JC = OUTPUT VARIABLE ID NO(CONCENTRATION VARIABLES)

      ! LINE 6

      READ(KR(17),3100)(KDC1(I),I=1,NJC)

      DO I=1,NJC

          IF(KDC1(I)<=0)EXIT

          JC(I)=KDC1(I)

      END DO

      NJC=I-1

      ! KS = OUTPUT VARIABLE ID NO(STATE VARIABLES)

      ! LINE 7

      READ(KR(17),3100)(KDC1(I),I=1,NKS)

      DO I=1,NKS

          IF(KDC1(I)<=0)EXIT

          KS(I)=KDC1(I)

      END DO

      NKS=I-1

      ! KD = DAILY OUTPUT VARIABLE ID NO

      ! LINE 8/9

      READ(KR(17),3100)(KDC1(I),I=1,NKD)

      DO I=1,NKD

          IF(KDC1(I)<=0)EXIT

          KD(I)=KDC1(I)

      END DO

      NKD=I-1

      ! KY = ANNUAL OUTPUT--VARIABLE ID NOS(ACCUMULATED AND AVERAGE

      ! LINE 10/11

      READ(KR(17),3100)(KDC1(I),I=1,NKY)

      DO I=1,NKY

          IF(KDC1(I)<=0)EXIT

          KY(I)=KDC1(I)

      END DO

      NKY=I-1

      ! SELECT OUTPUT FILES--KFL=0(NO OUTPUT); KFL>0(GIVES OUTPUT FOR

      ! SELECTED FILE)

      ! 1  OUT=STANDARD OUTPUT FILE

      ! 2  MAN=SPECIAL MANURE MANAGEMENT SUMMARY FILE

      ! 3  SUS=SUBAREA SUMMARY FILE

      ! 4  ASA=ANNUAL SUBAREA FILE

      ! 5  SWT=WATERSHED OUTPUT TO SWAT

      ! 6  DPS=DAILY SUBAREA PESTICIDE FILE

      ! 7  MSA=MONTHLY SUBAREA FILE

      ! 8  AWP=ANNUAL CEAP FILE

      ! 9  DHY=DAILY SUBAREA HYDROLOGY FILE

      !10  WSS=WATERSHED SUMMARY FILE

      !11  SAD=DAILY SUBAREA FILE

      !12  HYC=CONTINUOUS HYDROGRAPHS(DTHY) AT WATERSHED OUTLET

      !13  DRS=DAILY RESERVOIR FILE

      !14  APEXBUF.OUT SPECIAL FILE FOR BUFFER STRIPS

      !15  MWS=MONTHLY WATERSHED FILE

      !16  DWS=DAILY WATERSHED OUTLET FILE

      !17  AWS=ANNUAL WATERSHED OUTLET FILE

      !18  DGZ=DAILY GRAZING

      !19  DUX=DAILY MANURE APPLICATION

      !20  DDD=DAILY DUST DISTRIBUTION

      !21  ACN=ANNUAL SOIL ORGANIC C & N TABLE

      !22  DCN=DAILY SOIL ORGANIC C & N TABLE

      !23  SCX=SUMMARY SOIL ORGANIC C & N TABLE

      !24  ACY=ANNUAL SUBAREA CROP YIELD

      !25  EFR=RUNOFF EVENT FLOOD ROUTING

      !26  EHY=RUNOFF EVENT HYDROGRAPHS

      !27  APS=ANNUAL SUBAREA/WATERSHED PESTICIDE

      !28  MSW=MONTHLY OUTPUT TO SWAT.

      !29  DPW=DAILY WATERSHED PESTICIDE FILE

      !30  SPS=PESTICIDE SUBAREA SUMMARY

      !31  ACO=ANNUAL COST 

      !32  SWN=SPECIAL WATERSHED SUMMARY FOR NRCS FARM PLANNING

      !33  NOT USED

      !34  SAO=SPECIAL SUBAREA FILE FOR GIS

      !35  RCH=SPECIAL REACH FILE FOR GIS

      !36  ERX=ERROR FILE

      !37  DMR=DAILY WATERSHED NUTRIENT & SEDIMENT CONC NRCS MRBI

      !38  STR=SUMMARY OF SUBARES & WATERSHED FOR STAR

      !39  MRH=MONTHLY REACH FILE ANNUAL GIS REACH FILE FOR SELECTED COMMAND #'S ICMO(FROM .SIT)

      !40  MGZ=MONTHLY GRAZING FILE

      !41  DNC=DAILY NITROGEN/CARBON CESAR IZAURRALDE 

      !42  DHS=DAILY HYDROLOGY/SOIL                                                                                                     

      !43  MSX=MONTHLY SOIL TABLE

      !44  DGN=DAILY GENERAL OUTPUT (VAR AFTER COMMAND LOOP IN BSIM)

      !45  DPD=DAILY PADDY OUTPUT

      !46  ASL=ANNUAL SOIL TABLE

      !47  MS5=MONTHLY SOIL PROPERTIES 0-0.05m

      !48  AS5=ANNUAL SOIL PROPERTIES 0-0.05m 

      !49  RUN1501.SUM

      !    MSO

      !    +1/ SOT=SUBAREA FINAL SOIL TABLE FOR USE IN OTHER RUNS

      !    MSA

      !     LINE 12/14

      READ(KR(17),3100)KFL0

      CLOSE(KR(17))

!  1  RFN0 = AVE CONC OF N IN RAINFALL(ppm)

!  2  CO20 = CO2 CONCENTRATION IN ATMOSPHERE(ppm)

!  3  CQN0 = CONC OF N IN IRRIGATION WATER(ppm)

!  4  PSTX = PEST DAMAGE SCALING FACTOR (0.-10.)--0. SHUTS OFF PEST

!            DAMAGE FUNCTION. PEST DAMAGE FUNCTION CAN BE REGULATED FROM

!            VERY MILD(0.05-0.1) TO VERY SEVERE(1.-10.)

!  5  YWI  = NO Y RECORD MAX .5H RAIN(0 IF WI IS NOT

!            INPUT)

!  6  BTA  = COEF(0-1)GOVERNING WET-DRY PROBABILITIES GIVEN DAYS

!            OF RAIN(0 IF UNKNOWN OR IF W|D PROBS ARE

!            INPUT)

!  7  EXPK = PARAMETER USED TO MODIFY EXPONENTIAL RAINFALL AMOUNT

!            DISTRIBUTION(0 IF UNKNOWN OR IF ST DEV & SK CF ARE

!            INPUT)

!  8  QG   = 2 YEAR FREQ 24-H RAINFALL (mm)--ESTIMATES REACH CH GEOMETRY

!            IF UNKNOWN(0 IF CH GEO IS INPUT)

!  9  QCF  = EXPONENT IN WATERSHED AREA FLOW RATE EQ

! 10  CHS0 = AVE UPLAND SLOPE (m/m) IN WATERSHED

! 11  BWD  = CHANNEL BOTTOM WIDTH/DEPTH(QG>0)

! 12  FCW  = FLOODPLAIN WIDTH/CHANNEL WIDTH

! 13  FPS0 = FLOODPLAIN SAT COND ADJUSTMENT FACTOR(.0001_10.)

! 14  GWS0 = MAXIMUM GROUNDWATER STORAGE(mm)

! 15  RFT0 = GROUNDWATER RESIDENCE TIME(d)

! 16  RFP0 = RETURN FLOW / (RETURN FLOW + DEEP PERCOLATION)

! 17  SAT0 = SATURARTED CONDUCTIVITY ADJUSTMENT FACTOR(.1_10.)

! 18  FL0  = FIELD LENGTH(km)(0 IF UNKNOWN)

! 19  FW0  = FIELD WIDTH(km)(0 IF UNKNOWN)

! 20  ANG0 = CLOCKWISE ANGLE OF FIELD LENGTH FROM NORTH(deg)(0 IF

!            UNKNOWN)

! 21  UXP  = POWER PARAMETER OF MODIFIED EXP DIST OF WIND SPEED(0

!            IF UNKNOWN)

! 22  DIAM = SOIL PARTICLE DIAMETER(UM)(0 IF UNKNOWN)

! 23  ACW  = WIND EROSION CONTROL FACTOR

!            = 0.0 NO WIND EROSION

!            = 1.0 FOR NORMAL SIMULATION

!            > 1.0 ACCELERATES WIND EROSION(CONDENSES TIME)

! 24  GZL0 = GRAZING LIMIT--MINIMUM PLANT MATERIAL(t/ha)

! 25  RTN0 = NUMBER YEARS OF CULTIVATION AT START OF SIMULATION

! 26  BXCT = LINEAR COEF OF CHANGE IN RAINFALL FROM E TO W(PI/P0/KM)

! 27  BYCT = LINEAR COEF OF CHANGE IN RAINFALL FROM S TO N(PI/P0/KM)

! 28  DTHY = TIME INTERVAL FOR FLOOD ROUTING(h)

! 29  QTH  = ROUTING THRESHOLD(mm)--VSC ROUTING USED ON QVOL>QTH

! 30  STND = VSC ROUTING USED WHEN REACH STORAGE >STND

! 31  DRV  = SPECIFIES WATER EROSION DRIVING EQ.

!            (1=RUSL2;  2=USLE;  3=MUSS;  4=MUSL;   5=MUST;  6=REMX)

! 32  PCO0 = FRACTION OF SUBAREAS CONTROLLED BY PONDS.

! 33  RCC0 = REACH CHANNEL USLE C FACTOR

! 34  CSLT = SALT CONC IN IRRIGATION WATER (ppm)

! 35  CPV0 = FRACTION INFLOW PARTITIONED TO VERTICLE CRACK OR PIPE FLOW

! 36  CPH0 = FRACTION INFLOW PARTITIONED TO HORIZONTAL CRACK OR PIPE FLOW 

! 37  DZDN = LAYER THICKNESS FOR DIFFERENTIAL EQ SOLN TO GAS DIFF EQS(m)

! 38  DTG  = TIME INTERVAL FOR GAS DIFF EQS (h)

! 39  QPQ  = RATIO VOLUME BEFORE TP TO TOTAL VOLUME OF UNIT HYD

! 40  WND_OP = FLAG FOR WIND EROSION METHOD (0=ORIGINAL, 1=LWE METHOD)

!     LINES 3/6

      READ(KR(20),*)RFN0,CO20,CQN0,PSTX,YWI,BTA,EXPK,QG,QCF,CHS0,&

      BWD,FCW,FPS0,GWS0,RFT0,RFP0,SAT0,FL0,FW0,ANG0,UXP,DIAM,ACW,GZL0,&

      RTN0,BXCT,BYCT,DTHY,QTH,STND,DRV,PCO0,RCC0,CSLT,CPV0,CPH0,DZDN,&

      DTG,QPQ,WND_OP

      IF(DTHY<1.E-10)DTHY=1.

      IF(IHY>0)NPD=24./DTHY+1.

      IF(BTA<1.E-10)BTA=.75

      DO I=1,NSZ

          PSZX(I)=.411*PSZ(I)*PSZ(I)

          PSZY(I)=SQRT(PSZ(I))

      END DO

      ZMIX=PRMT(31)

!  1  ASTN = RUN #

!  2  ISIT = SITE #

!  3  IWPM = WEATHER STATION # FROM KR(18) 

!  4  IWND = WIND STATION # FROM KR(19) 

!  5  ISUB = SUBAREA # FROM KR(24)

!  6  ISOL = 0 FOR NORMAL RUN

!          > 0 FOR RUNS USING .SOT FILES

!  7  IRFT = WITHIN STORM RAINFALL STATION # FROM KR(29) 

      DO ! RUN LOOP

          READ(KR(11),*,IOSTAT=NFL)ASTN,ISIT,IWPM(1),IWND,ISUB,ISOL,IRFT

          IF(NFL/=0)EXIT

          IF(ISIT==0)EXIT

          ASTN=ADJUSTR(ASTN)

          I2=-1

          DO WHILE(I2/=ISUB) 

	          READ(KR(24),*,IOSTAT=NFL)I2,SAFILE

              IF(NFL/=0)THEN

                  WRITE(*,*)'SUBAREA NO = ',ISUB,' NOT IN SUBAREA LIST FILE'

                  STOP

              END IF

          END DO

          REWIND KR(24)

          I2=-1

          DO WHILE(I2/=ISIT) 

              READ(KR(23),*,IOSTAT=NFL)I2,SITEFILE

              IF(NFL/=0)THEN

                  WRITE(*,*)'SITE NO = ',ISIT,' NOT IN SITE LIST FILE'

                  STOP

              END IF

          END DO

          REWIND KR(23)

          CALL OPENV(KR(1),SITEFILE,IDIR)

	      CALL OPENV(KR(5),SAFILE,IDIR)

          WRITE(*,2143)IRUN,SAFILE

          MOW=1

          NBMX=0

          I=0     

          DO 

              I=I+1 

              READ(KR(5),'(2I8)',IOSTAT=NFL)N1,ISA

              IF(NFL/=0.OR.N1==0)EXIT

              READ(KR(5),*)INPS,IOPS,IOW,I1,I2,I3,I4,I5,I6

              IF(IOW>MOW)MOW=IOW

              IF(N1>NBMX)NBMX=N1

              DO J=1,10

                  READ(KR(5),'()')

              END DO

          END DO

          MSA=I-1

          XSA=MSA

          REWIND KR(5)

          I=1

          DO

              READ(KR(27),'(A80)',IOSTAT=NFL)TITWN

              IF(NFL/=0.OR.TITWN=='')EXIT

              I=I+1

          END DO

          MPO=I-1

          REWIND KR(27)

		  if (allocated(IDOS).eqv..TRUE.)DEALLOCATE(IDOS)

		  if (allocated(SAV).eqv..TRUE.)DEALLOCATE(SAV)

		  if (allocated(NX).eqv..TRUE.)DEALLOCATE(NX)

          CALL ALLOCATE_PARMS

		  IF(MSA>100)THEN

			ALLOCATE(IDOS(MHY),SAV(MHY),NX(MSA))

		  ELSE

			ALLOCATE(IDOS(100),SAV(100),NX(100))

		  ENDIF

		  

          IF(IRUN==0)NBMX0=NBMX

          HED=(/" TMX"," TMN","SRAD","PRCP","SNOF","SNOM","WSPD","RHUM",&

          " VPD"," PET","  ET","  EP","   Q","  CN"," SSF"," PRK"," QDR",&

          "IRGA"," QIN","TLGE","TLGW","TLGQ","TLGF","  EI","   C","USLE",&

          "MUSL","REMX","MUSS","MUST","RUS2"," WK1","RHTT","RRUF","RGRF",&

          "YWND","  YN","  QN","SSFN","PRKN"," GMN","  DN","NFIX"," NMN",&

          "NITR","AVOL","QDRN","  YP","  QP"," MNP","PRKP","  ER"," FNO",&

          "FNMN","FNMA"," FPO"," FPL","LIME"," TMP","SW10","LGMI","LGMO",&

          " EPP","RSQI","RSQO","RSEV","RSLK","RSYI","RSYO","RSYD","DPRK",&

          "RSSF","RSDC","RSPC","PRKC","  QC","  YC","RSDA"," QFP","RSFN",&

          " MAP","BUNL"," QRF","QRFN","RFIC","RSBK","CPVH","YMNU","SNOU",&

          "SPOU","DNMO","DPMO","DEMR","P10D","SSFI","DPKN","CPVV"," FPF",&

          " FOC"," RFV","SCOU","DEPC","DECR","PSOQ","PSON","PSOP","    ",&

          " QPU","FALF","IRDL"," QRP"," YRP","YNRP","YPRP","QNRP","QPRP",&

          "WYLD"," YPM"," YPO","  SW","PSOY","PQPS","PYPS","    ","  QI",&

          "QARS","RFRA"," DN2","SLTI","SLTQ","SLTS","SLTF","SLTV","YNWN",&

          "YPWN","YCWN","PSO3","PSSP","YWKS","CBUR","GRZD","QRFP","QDRP",&

          "YTHS","YWTH","RSIR","EVRT"," FSK","YEFK"," QSK"," SSK"," VSK",&

          "SKOU","DN2O","ETM3","WLIR","GWTR","SMQN"/)

          HEDH=(/"  QI","  QO","  ET"," FPF","  YI","  YO","  CY","YONI",&

          "YONO","YOPI","YOPO","NO3I","NO3O","NH4I","NH4O","NO2I","NO2O",&

          " QPI"," QPO","ALGI","ALGO","BODI","BODO","DO2I","DO2O","QPSI",&

          "QPSO","YPSI","YPSO","RPST","VPST","DPST","WYLI","WYLO"," RFV"/)

          MASA=(/0,0,0,2,2,2,0,0,0,2, & !10  ! array for unit conversion of outputs 

                 0,0,2,0,2,2,2,2,2,2, & !20  !    fixed by Jaehak 2020:  143,62, 84, 88

                 2,2,2,0,0,1,1,1,1,1, & !30

                 1,0,0,0,0,1,1,1,1,1, & !40

                 0,1,1,0,1,1,1,1,1,1, & !50

                 1,0,1,1,1,1,1,0,0,0, & !60

                 0,0,0,2,2,2,2,1,1,1, & !70

                 2,2,1,1,1,1,1,0,0,1, & !80

                 1,0,2,1,0,0,0,1,0,0, & !90

                 0,0,0,0,0,1,0,0,0,0, & !100

                 0,0,0,0,0,0,0,0,0,2, & !110

                 2,0,0,0,0,0,2,1,1,0, & !120

                 0,0,0,0,0,0,0,1,0,0, & !130

                 0,0,1,1,1,1,0,0,0,0, & !140

                 0,0,1,0,0,0,2,0,0,0, & !150

                 0,0,0,1,2,0,0,0/)      !158



          DO I=1,MHX

	          IHX(I)=I

          END DO		 

          J=101

          J1=2*MSA+MSO       	 

          DO I=1,J1

	          KW(I)=J

     	      J=J+1

          END DO

          KFL=KFL0

          IF(KFL(14)>0)OPEN(KW(14),FILE='APEXBUF.OUT')

          CALL OPENF(ASTN)

	      NBYR=NBY0

	      NGN=NGN0

          DO I=1,60

              TITLE(I)='    '

          END DO

          IF(KFL(1)>0)WRITE(KW(1),508)'FSITE',FSITE,'FSUBA',FSUBA,'FWPM',&

          FWPM,'FWIND',FWIND,'FCROP',FCROP,'FTILL',FTILL,'FPEST',FPEST,&

          'FFERT',FFERT,'FSOIL',FSOIL,'FOPSC',FOPSC,'FTR55',FTR55,&

          'FPARM',FPARM,'FMLRN',FMLRN,'FPRNT',FPRNT,'FHERD',FHERD,&

          'FWLST',FWLST,'FPSOD',FPSOD,'FRFDT',FRFDT,'FLWE',FLWE

          KGN=0

	      CALL AINLZ

          CALL AINIX

	      DO J=1,NRN0

              IDG(J)=J

          END DO

          IF(KFL(49)<0)THEN

              OPEN(KW(49),FILE='RUN1501.SUM')

          ELSE

              OPEN(KW(49),FILE='RUN1501.SUM',ACCESS='APPEND')

          END IF

          IRUN=IRUN+1

          IF(IRUN==1)THEN

              CALL ATIMER(0)

              CALL APAGE(0)

              IF(KFL(1)>0)WRITE(KW(1),2570)

              IF(KFL(49)<0)THEN

                  WRITE(KW(49),'(//10X,A)')'APEX1501 RUN1501.SUM'

                  WRITE(KW(49),104)HED(4),HED(13),HED(16),HED(24),&

                  HED(25),HED(26),HED(27),HED(28),HED(29),HED(30)

              END IF    

              DO I=1,2

                  DO J=1,35

                      SCRX(J,I)=SCRP(J,I)

                  END DO

              END DO        

              DO I=1,34

                  IF(SCRP(I,1)<1.E-10)CYCLE

                  X1=ASPLT(SCRP(I,1))

                  X2=ASPLT(SCRP(I,2))

                  IF(I==13)THEN

                      SRNG(I)=SCRP(I,2)-SCRP(I,1)

                      SCMN(I)=SCRP(I,1)

                      SCRP(I,1)=.01

                      SCRP(I,2)=.99

                  END IF    

                  CALL ASCRV(SCRP(I,1),SCRP(I,2),X1,X2,SCLM,I,KW(1))

              END DO

              DO J=1,35

                  IF(KFL(1)>0)WRITE(KW(1),2540)J,PRMT(J),(SCRX(J,I),I=1,2),(SCRP(J,I),I=1,2)

              END DO

              DO J=31,SIZE(PRMT)

                  IF(KFL(1)>0)WRITE(KW(1),2540)J,PRMT(J)

              END DO

              LGRZ=PRMT(60)

          END IF

          RHS=PRMT(100)

          RHP=PRMT(101)

          CRLNC=PRMT(102) 

          CRUNC=PRMT(103)

          WKA=PRMT(104)

          WNCMIN=PRMT(105)

          WNCMAX=PRMT(106)

          VMU=PRMT(107)

          WKMNH3=PRMT(108)

          WKMNO2=PRMT(109)

          WKMNO3=PRMT(110)                                                                        

    !     TITLE = PROBLEM DESCRIPTION( 3 LINES)

    !     LINES 1/3

          READ(KR(1),3090)TITLE

    !  1  YLAT = LATITUDE(deg)

    !  2  XLOG = LONGITUDE(deg)

    !  3  ELEV = ELEVATION OF WATERSHED (m)

    !  4  APM  = PEAK RATE - EI ADJUSTMENT FACTOR (BLANK IF UNKNOWN)

    !  5  CO2X = CO2 CONCENTRATION IN ATMOSPHERE (ppm)--NON ZERO VALUE

    !            OVERRIDES CO2 INPUT IN APEXCONT.DAT

    !  6  CQNX = CONC OF NO3 IN IRRIGATION WATER (ppm)--NON ZERO VALUE

    !            OVERRIDES CNO30 INPUT IN APEXCONT.DAT 

    !  7  RFNX = AVE CONC OF N IN RAINFALL (ppm)

    !  8  UPR  = MANURE APPL RATE TO SUPPLY P UPTAKE RATE (kg/ha/y)

    !  9  UNR  = MANURE APPL RATE TO SUPPLY N UPTAKE RATE (kg/ha/y)

    ! 10  FIR0 = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)

    !     LINE 4

          READ(KR(1),3120)YLAT,XLOG,ELEV,APM,CO2X,CQNX,RFNX,UPR,UNR,FIR0

    ! 1/5 X1/X5= DUMMY  

    !  6  GWSP = GROUND WATER SLOPE (m/m)

    ! 7/8 X7/X8= DUMMY

    !  9  BCHL = SWAT BASIN CHANNEL LENGTH(km) 

    ! 10  BCHS = SWAT BASIN CHANNEL SLOPE(m/m)

    !     LINE 5

          READ(KR(1),3120)X1,X2,X3,X4,X5,GWSP,X7,X8,BCHL,BCHS

    !     LINE 6

          READ(KR(1),'()')

	      CO2=CO20

	      IF(CO2X>0.)CO2=CO2X

	      CQNI=CQN0

	      IF(CQNX>0.)CQNI=CQNX

          RFNC=RFN0

          IF(RFNX>0.)RFNC=RFNX

	      YLTR=YLAT/CLT

	      SIN1=SIN(YLTR)

          COS1=COS(YLTR)

          TAN1=TAN(YLTR)

          IF(DTG<1.E-10)DTG=1.

          NBDT=24./DTG+.9 

          CH=.4349*ABS(TAN1)

          IF(CH>=1.)THEN

              H=0.

          ELSE

              H=ACOS(CH)

          END IF

          CH=-CH

          IF(CH>=1.)THEN

              H1=0.

          ELSE

              IF(CH<=-1.)THEN

                  H1=3.1416

              ELSE

                  H1=ACOS(CH)

              END IF

          END IF  

          HLMX=7.72*H1

	      DO ISA=1,MSA

	          YTN(ISA)=TAN1

              YLS(ISA)=SIN1

              YLC(ISA)=COS1

              HLMN(ISA)=7.72*H

              DHL=.1*(HLMX-HLMN(ISA))

              JT1=1

              IF(YLAT<0.)JT1=6

              JDHU=400

              IF(HLMN(ISA)<=11.)CALL ADAJ(NC,JDHU,JT1,15,1)

              WDRM(ISA)=PRMT(6)+HLMN(ISA)

              HLMN(ISA)=HLMN(ISA)+MAX(DHL,PRMT(6))      

          END DO    

          IF(IWND>0)THEN

	          I2=-1

	          DO WHILE(I2/=IWND) 

                  READ(KR(19),*,IOSTAT=NFL)I2,WINDFILE

                  IF(NFL/=0)THEN

                      WRITE(*,*)'WIND NO = ',IWND,' NOT IN WIND LIST FILE'

                      STOP

                  END IF              

              END DO

          ELSE

              D0=1.E20

              DO 

                  READ(KR(19),*,IOSTAT=NFL)I2,OPSCFILE,Y,X

                  IF(NFL/=0)EXIT

                  RY=Y/CLT

	              XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XLOG)/CLT)

                  D=6378.8*ACOS(XX)

                  IF(D>D0)CYCLE

                  D0=D

                  WINDFILE=OPSCFILE

              END DO

          END IF

          REWIND KR(19)

          CALL OPENV(KR(22),WINDFILE,IDIR)

	      TITWN=WINDFILE

          READ(KR(22),'()')

          READ(KR(22),'()')

          IYR=IYR0

          IDA=IDA0

          IBDT=IDA+100*IMO+10000*IYR

          CALL AISPL(IPD,INP)

          IF(INP>0)THEN

              NOP=0

          ELSE

              NOP=1

              INP=1

          END IF

          IF(IPD<=5)IPYI=INP

          CALL APAGE(0)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3540)

              WRITE(KW(1),'(/1X,A)')'-----VARIABLE NAMES & UNIT CONVERSION CODE'

              WRITE(KW(1),2410)

              WRITE(KW(1),'(20(1X,A4,I2))')(HED(I),MASA(I),I=1,NSM)

          END IF    

          NDRV=DRV

          IF(YWI<1.E-10)YWI=10.

          IF(GWS0<1.E-5)GWS0=50.

          IF(RFT0<1.E-5)RFT0=10.

          IF(RFP0<1.E-5)RFP0=.5

          CALL APAGE(0)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3540)

              WRITE(KW(1),3110)NBYR,IYR,IMO,IDA

              IF(LPYR>0)THEN

                  WRITE(KW(1),'(T10,A)')'LEAP YEAR IGNORED'

              ELSE

                  WRITE(KW(1),'(T10,A)')'LEAP YEAR CONSIDERED'

              END IF

              WRITE(KW(1),3730)YLAT,XLOG,ELEV

          END IF    

          SELECT CASE(NDRV)

	          CASE(1)

                  NDVSS=31

	          CASE(2)

                  NDVSS=26

	          CASE(3)

	              NDVSS=29

	          CASE(4)

                  NDVSS=27

	          CASE(5)

                  NDVSS=30

	          CASE(6)

	              NDVSS=28

	      END SELECT

          IF(KFL(1)>0)THEN    

              WRITE(KW(1),'(T10,A,A4)')'WATER EROSION FACTORS--DRIVING EQ = ',&

              HED(NDVSS)

              WRITE(KW(1),'(T10,A)')'DAILY RUNOFF ESTIMATION'

              SELECT CASE(INFL)

              CASE(0)

                  WRITE(KW(1),'(T15,A)')'NRCS CURVE NUMBER EQ'

              CASE(1)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF EXP DST&

                  --PEAK RF RATE SIM'

              CASE(2)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF EXP DST&

                  --PEAK RF RATE INPUT'

              CASE(3)

                  WRITE(KW(1),'(T15,A/T15,A)')'GREEN & AMPT EQ','RF UNIF DST--&

                  PEAK RF RATE INP'

              CASE(4)

                  WRITE(KW(1),'(T15,A/T15,A,F6.3,A)')'GREEN & AMPT EQ','RF INPUT AT &

                  INTERVAL = ',DTHY,' h'

              END SELECT

              IF(ISCN==0)THEN

                  WRITE(KW(1),'(T15,A)')'DAILY CN--STOCHASTIC'

              ELSE

                  WRITE(KW(1),'(T15,A)')'DAILY CN--DETERMINISTIC'

              END IF

              SELECT CASE(ITYP)

                  CASE(1,2,3,4)

                      WRITE(KW(1),'(T10,A,A2)')'PEAK RATE EST WITH TR55--RF TYPE =',&

                      RFPT(ITYP)

                  CASE(-1)

                      WRITE(KW(1),'(T10,A)')'PEAK RATE MOD RATIONAL EQ - RIGID'

                  CASE(0)

                      WRITE(KW(1),'(T10,A)')'PEAK RATE MOD RATIONAL EQ - &

                      STOCHASTIC'

                  CASE(5)    

                      WRITE(KW(1),'(T10,A,F6.3)')'PEAK RATE SCS UNIT &

                      HYD EQ QPQ = ',QPQ

              END SELECT

          END IF    

          IF(QG>0.)THEN

              X2=(QG-8.96)**2/(QG+35.86)

              X1=.1732

              TCX=.0663*X1**.77/CHS0**.385

              QG0=.1*X2/TCX

              IF(KFL(1)>0)WRITE(KW(1),401)QG,X2,QCF,X1,CHS0,TCX,QG0,BWD,&

              FCW,FPS0,GWS0,RFT0,RFP0,PCO0,RCC0

          END IF

          SELECT CASE(IHY)

              CASE(1)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'VSC METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'VSC METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'VSC METHOD'

              CASE(2)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'SVS METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'SVS METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'SVS METHOD'

              CASE(3)    

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'M_CVC METHOD'

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'M_CVC METHOD'

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'M_CVC METHOD'

              CASE(4)

                  IF(KFL(1)>0)WRITE(KW(1),'(T15,A)')'M_CVC4 METHOD'    

                  IF(KFL(12)>0)WRITE(KW(12),'(T15,A)')'M_CVC4 METHOD'    

                  IF(KFL(26)>0)WRITE(KW(26),'(T15,A)')'M_CVC4 METHOD'    

              CASE DEFAULT

                  IF(KFL(1)>0)WRITE(KW(1),'(T10,A)')'RUNOFF VOLUME ROUTING'

           END SELECT

           IF(KFL(1)>0)THEN    

              IF(IPRK==0)THEN

                  WRITE(KW(1),'(T10,A)')'PERCOLATION--HPERC'

              ELSE

                  WRITE(KW(1),'(T10,A)')'PERCOLATION--HPERC1 (4mm SLUG FLOW)'

              END IF

              IF(IREM==0)THEN

                  WRITE(KW(1),'(T10,A)')'SSK FROM REMX'

              ELSE

                  WRITE(KW(1),'(T10,A)')'SSK FROM USLE'

              END IF        

              IF(IERT>0)THEN

                  WRITE(KW(1),'(T10,A)')'GLEAMS ENRICHMENT RATIO'

              ELSE

                  WRITE(KW(1),'(T10,A)')'EPIC ENRICHMENT RATIO'

              END IF

              IF(LBP==0)THEN   

                  WRITE(KW(1),'(T10,A)')'GLEAMS PESTICIDE EQ SOL P RUNOFF'

              ELSE

                  WRITE(KW(1),'(T10,A)')'LANGMUIR EQ SOL P RUNOFF'    

	          END IF

              IF(NUPC>0)THEN

                  WRITE(KW(1),'(T10,A)')'N & P UPTAKE CONC S CURVE'

              ELSE

                  WRITE(KW(1),'(T10,A)')'N & P UPTAKE CONC SMITH CURVE'

              END IF

              IF(ICP==0)THEN

                  WRITE(KW(1),'(T10,A)')'PHOENIX N-C MODEL'

              ELSE    

                  WRITE(KW(1),'(T10,A)')'CENTURY N-C MODEL'

              END IF    

              IF(IOX==0)THEN

                  WRITE(KW(1),'(T10,A)')'EPIC O2=F(Z)'

              ELSE

                  WRITE(KW(1),'(T10,A)')'O2=F(C/CLA)'

              END IF

              IF(NTV==0)THEN

                  WRITE(KW(1),'(T10,A)')'ORIGINAL APEX NITVOL EQS'

              ELSE                                          

                  WRITE(KW(1),'(T10,A)')'IZAURRALDE REVISED NITVOL EQS'

              END IF    

              SELECT CASE(IDNT)

                  CASE(1)	          

                      WRITE(KW(1),'(T10,A)')'EPIC DNIT'

                  CASE(2)              

	                  WRITE(KW(1),'(T10,A)')'KEMANIAN DNIT'                                                                                              	                                                                                     

                  CASE(3)

                      WRITE(KW(1),'(T10,A,F5.2,A)')'IZAURRALDE DNIT DZDN=',DZDN,' m'

                      WRITE(KW(1),'(T15,3(A,E16.6)A)')'XKN1=',XKN1,' XKN3=',XKN3,&

                      ' XKN5=',XKN5,' ORIGINAL DW'                                                          

                      IF(JRRS==0.)THEN

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION CALCULATED IN NDNITCI'

                      ELSE                                                              

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION NOT CONSIDERED IN NDNITCI'                       

                      END IF

                  CASE(4)

                      WRITE(KW(1),'(T10,A,F5.2,A)')'IZAURRALDE DNIT DZDN=',DZDN,' m'

                      WRITE(KW(1),'(T15,3(A,E16.6)A)')'XKN1=',XKN1,' XKN3=',XKN3,&

                      ' XKN5=',XKN5,' NEW DW'

                      IF(JRRS==0.)THEN

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION CALCULATED IN NDNITCI'

                      ELSE                                                              

                          WRITE(KW(1),'(T10,A)')'ROOT RESPIRATION NOT CONSIDERED IN NDNITCI'                       

                      END IF

                  CASE DEFAULT

                      WRITE(KW(1),'(T10,A)')'KEMANIAN DNIT'

                      !IDNT=2                                                                                              	                                                                                     

              END SELECT

              IF(ISLF>0)THEN

                  WRITE(KW(1),'(T10,A)')'MUSLE SLOPE/LENGTH FACTOR'

              ELSE

                  WRITE(KW(1),'(T10,A)')'RUSLE SLOPE/LENGTH FACTOR'

              END IF

              IF(PRMT(81)>0)THEN

                  WRITE(KW(1),'(T10,A)')'DYNAMIC TECHNOLOGY'

              ELSE

                  WRITE(KW(1),'(T10,A)')'STATIC TECHNOLOGY'

              END IF

              WRITE(KW(1),412)LPD,MSCP

              WRITE(KW(1),2450)APM,RFNC,CQNI,UPR,UNR,MNUL

	          WRITE(KW(1),330)COL,COIR,FULP,WAGE

              WRITE(KW(1),12)COCH

          END IF    

          RFNC=RFNC/1000.

          CQNI=CQNI*.01

          IF(KFL(1)>0)THEN

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'____________________WEATHER DATA_________&

              ______________'

              WRITE(KW(1),3750)CO2

              SELECT CASE(ICO2)

	              CASE(1)

                      WRITE(KW(1),'(T10,A)')'DYNAMIC ATMOSPHERIC CO2'

                  CASE(2)          

                      WRITE(KW(1),'(T10,A)')'ATMOSPHERIC CO2 INPUT'

                  CASE DEFAULT

                      WRITE(KW(1),'(T10,A)')'STATIC ATMOSPHERIC CO2'

              END SELECT

              WRITE(KW(1),2520)YWI

          END IF    

          XY2=.5/YWI

          SUM=0.

          IWPX=IWPM(1)

          ! WEATHER PARM # (FROM WPM1US.DAT) FOR SPATIAL WEATHER GENERATION

          ! LINE 7

          READ(KR(1),811)(IWPM(J),J=1,10)

          DO J=1,10

              IF(IWPM(J)==0)EXIT

          END DO

          NWP=J-1

          ! FRACTION OF WSA REPRESENTED BY IWPM. FOR SPATIAL WEATHER GENERATION

          ! LINE 8

          READ(KR(1),3120)(FWXP(J),J=1,NWP)

          IF(NWP>1)THEN

              DO J=1,NWP

                  SUM=SUM+FWXP(J)

              END DO

              XX=0.

              DO J=1,NWP

                  FWXP(J)=FWXP(J)/SUM

                  AWXP(J)=FWXP(J)+XX

                  XX=AWXP(J)

              END DO

          ELSE

              FWXP(1)=1.

          END IF

          IF(IWPM(1)==0)IWPM(1)=IWPX

          K=35

          NWP=MAX(1,NWP)

          DO IWI=1,NWP

              IF(IWI>1.OR.IWPM(1)>0)THEN

                  I2=-1 

                  DO WHILE(I2/=IWPM(IWI))

                      READ(KR(18),*,IOSTAT=NFL)I2,WPMFILE

                      IF(NFL/=0)THEN

                          WRITE(*,*)'WPM1 NO = ',IWPM(IWI),' NOT IN MO WEATHER LIST FILE'

                          STOP

                      END IF

                  END DO

              ELSE

                  D0=1.E20

                  DO 

	                  READ(KR(18),*,IOSTAT=NFL)I2,OPSCFILE,Y,X

	                  IF(NFL/=0.OR.I2==0)EXIT

	                  RY=Y/CLT

	                  XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XLOG)/CLT)

                      D=6378.8*ACOS(XX)

                      IF(D>D0)CYCLE

                      D0=D

                      WPMFILE=OPSCFILE

                  END DO

              END IF          

              REWIND KR(18)

              CALL OPENV(KR(K),WPMFILE,IDIR)

	          TITWP(IWI)=WPMFILE

              !     LINES 1/2

              READ(KR(K),'()')

              READ(KR(K),'()')

              !  3  OBMX   = AV MO MAX TEMP (c)

              !  4  OBMN   = AV MO MIN TEMP (c)

              !  5  SDTMX  = MO STANDARD DEV MAX TEMP (c)OR EXTREME MAXIMUM TEMP (c)

              !              IF STANDARD DEV IS NOT AVAILABLE (BLANK IF TEMP IS INPUT

              !              DAILY)

              !  6  SDTMN  = MO STANDARD DEV MIN TEMP (c)OR EXTREME MIN TEMP (c)

              !              IF STANDARD DEV IS NOT AVAILABLE (BLANK IF TEMP IS INPUT

              !              DAILY)

              !  7  RMO    = AV MO PRECIPITATION (mm)

              !  8  RST(2) = MONTHLY ST DEV OF DAILY RAINFALL (mm)(BLANK IF UNKNOWN

              !              OR IF DAILY PRECIPITATION IS INPUT)

              !  9  RST(3) = MONTHLY SKEW COEF OF DAILY RAINFALL (BLANK IF UNKNOWN OR

              !              DAILY PRECIPITATION IS INPUT)

              ! 10  PRW(1) = MONTHLY PROBABILITY OF WET DAY AFTER DRY DAY (BLANK IF

              !              UNKNOWN OR IF DAILY PRECIPITATION IS INPUT)

              ! 11  PRW(2) = MONTHLY PROBABILITY OF WET DAY AFTER WET DAY (BLANK IF

              !              UNKNOWN OR IF DAILY PRECIPITATION IS INPUT)

              ! 12  UAVM   = AV NO DAYS OF PRECIPITATION/MO (BLANK IF PRECIP IS

              !              GENERATED AND IF PRW 1&2 ARE INPUT)

              ! 13  WI     = 3 OPTIONS--(1)MO MAX .5 H RAIN FOR PERIOD = YWI (mm)

              !                         (2)ALPHA (MEAN .5 H RAIN/MEAN STORM

              !                             AMOUNT)

              !                         (3)BLANK IF UNKNOWN

              ! 14  OBSL   = AV MO SOL RAD (MJ/m2 OR LY)(BLANK IF UNKNOWN)

              ! 15  RH     = 3 OPTIONS--(1)AV MO RELATIVE HUMIDITY (FRACTION)

              !                         (2)AV MO DEW POINT TEMP deg C

              !                         (3)BLANK IF UNKNOWN

              !              USED IN PENMAN OR PENMAN-MONTEITH EQS

              ! 16  UAV0   = AV MO WIND SPEED(m/s)



              !Check the format of the wp1 first and read monthly values. Jaehak 2019

              READ(KR(K),'(A10)')TMPSTR

              Read (TMPSTR,'(F10.0)',iostat=io) TMPFL

              IF( io/= 0)THEN

                  FMT='(12F6.0)'

              ELSE

                  FMT='(12F10.0)'

              ENDIF

              BACKSPACE(KR(K))

              

              READ(KR(K),FMT)(OBMX(IWI,I),I=1,12)

              READ(KR(K),FMT)(OBMN(IWI,I),I=1,12)

              READ(KR(K),FMT)(SDTMX(IWI,I),I=1,12)

              READ(KR(K),FMT)(SDTMN(IWI,I),I=1,12)

              READ(KR(K),FMT)(RMO(IWI,I),I=1,12)

              READ(KR(K),FMT)(RST(2,IWI,I),I=1,12)

              READ(KR(K),FMT)(RST(3,IWI,I),I=1,12)

              READ(KR(K),FMT)(PRW(1,IWI,I),I=1,12)

              READ(KR(K),FMT)(PRW(2,IWI,I),I=1,12)

              READ(KR(K),FMT)(UAVM(I),I=1,12)

              READ(KR(K),FMT)(WI(IWI,I),I=1,12)

              READ(KR(K),FMT)(OBSL(IWI,I),I=1,12)

              READ(KR(K),FMT)(RH(IWI,I),I=1,12)

              READ(KR(K),FMT)(UAV0(I),I=1,12)

              REWIND KR(K)

              K=K+1

              IF(IWI==1)THEN

	              TAV(1)=.25*(OBMX(IWI,12)+OBMN(IWI,12)+OBMX(IWI,1)+OBMN(IWI,1))

	              BAV=TAV(1)

                  SVA=BAV   

                  JT1=1

                  IF(OBMN(IWI,1)>OBMN(IWI,12))JT1=12

                  TMN(1)=OBMN(IWI,JT1)

                  DO I=2,12

                      I1=I-1

	                  TAV(I)=.25*(OBMX(IWI,I)+OBMN(IWI,I)+OBMX(IWI,I1)+OBMN(IWI,I1))

	                  IF(TAV(I)>BAV)THEN

                          BAV=TAV(I)                   

                      ELSE

                          IF(TAV(I)<SVA)SVA=TAV(I)

                      END IF

                      IF(OBMN(IWI,I)>TMN(1))CYCLE

                      JT1=I

                      TMN(1)=OBMN(IWI,I)

                  END DO

              END IF

              RHCF=1.

              AMPX=BAV-SVA

              DO I=1,12

	              IF(RST(2,IWI,I)<1.E-5.OR.RST(3,IWI,I)<1.E-5)EXIT

	          END DO

	          IF(I>12)THEN

                  ICDP=0

              ELSE

                  ICDP=1

                  SUM=0.

                  DO I=1,10000

                      XX=AUNIF(IDG(3))

                      SUM=SUM+(-LOG(XX))**EXPK

                  END DO

                  REXP=10100./SUM

              END IF

              ISA=1

              DO I=1,12

                  I1=I+1

                  XM=NC(I1)-NC(I)

                  JDA=(NC(I1)+NC(I))*.5

                  CALL WHLRMX(JDA)

                  SRMX(I,1)=RAMX

                  THRL(I,1)=HRLT

                  XYP(I)=0.

                  XX=SDTMX(IWI,I)-SDTMN(IWI,I)

                  IF(XX>10.)THEN

                      SDTMX(IWI,I)=(SDTMX(IWI,I)-OBMX(IWI,I))*.25

                      SDTMN(IWI,I)=(OBMN(IWI,I)-SDTMN(IWI,I))*.25

                  END IF

                  IF(PRW(1,IWI,I)>0.)THEN

                      UAVM(I)=XM*PRW(1,IWI,I)/(1.-PRW(2,IWI,I)+PRW(1,IWI,I))

                  ELSE

                      PRW(1,IWI,I)=BTA*(UAVM(I)+.0001)/XM

                      PRW(2,IWI,I)=1.-BTA+PRW(1,IWI,I)

                  END IF

                  RST(1,IWI,I)=RMO(IWI,I)/(UAVM(I)+.01)

                  IF(OBSL(IWI,I)<=0.)THEN                                                         

	                  X1=MAX(.8,.21*SQRT(OBMX(IWI,I)-OBMN(IWI,I)))                                                                                    

	                  OBSL(IWI,I)=X1*RAMX                                                                

	              END IF 

                  V3=AUNIF(IDG(3))

                  IF(ICDP>0)THEN

                      RST(1,IWI,I)=RST(1,IWI,I)*REXP

                      PCF(IWI,I)=1.

                      CYCLE

                  END IF

                  SUM=0.

                  R6=RST(3,IWI,I)/6.

                  DO J=1,1000

                      V4=AUNIF(IDG(3))

                      XX=ADSTN(V3,V4)

                      V3=V4

                      R1=WRAIN(R6,XX,RST,IWI,I)

                      SUM=SUM+R1

                  END DO

                  PCF(IWI,I)=1010.*RST(1,IWI,I)/SUM

              END DO          

              XYP(1)=OBMX(IWI,1)

              BIG(1)=OBSL(IWI,1)

              UPLM=RH(IWI,1)

              BLM=RH(IWI,1)

              RFMX=RMO(IWI,1)

              EXTM=WI(IWI,1)

              RHCF=1. 

              DO I=2,12

                  TX=.5*(OBMX(IWI,I)+OBMN(IWI,I))

                  RTO=RH(IWI,I)/TX

                  IF(RTO>1.)RHCF=100.

                  IF(OBSL(IWI,I)>BIG(1))BIG(1)=OBSL(IWI,I)

                  IF(RMO(IWI,I)>RFMX)RFMX=RMO(IWI,I)

                  IF(RH(IWI,I)>UPLM)THEN

                      UPLM=RH(IWI,I)

                  ELSE

                      IF(RH(IWI,I)<BLM)BLM=RH(IWI,I)

                  END IF

                  IF(WI(IWI,I)>EXTM)EXTM=WI(IWI,I)

                  XYP(1)=XYP(1)+OBMX(IWI,I)

              END DO

              RUNT=1.

              IF(BIG(1)>100.)RUNT=.04184

              XYP(1)=XYP(1)/12.

              X3=.3725/(XYP(1)+20.)

              DO I=1,12

                  XM=NC(I+1)-NC(I)

                  WFT(IWI,I)=UAVM(I)/XM

                  XYP(2)=XYP(2)+OBMN(IWI,I)

                  XYP(3)=XYP(3)+RMO(IWI,I)

                  XYP(4)=XYP(4)+UAVM(I)

                  OBSL(IWI,I)=RUNT*OBSL(IWI,I)

                  XYP(5)=XYP(5)+OBSL(IWI,I)

                  X1=MAX(RMO(IWI,I),12.7)

                  TX=.5*(OBMX(IWI,I)+OBMN(IWI,I))

                  IF(UPLM>1.)THEN

                      IF(BLM<0..OR.RHCF<1.1)THEN

                          RH(IWI,I)=ASVP(RH(IWI,I)+273.)/ASVP(TX+273.)

                      ELSE

                          RH(IWI,I)=RH(IWI,I)/RHCF

                      END IF

                  ELSE

                      IF(RH(IWI,I)<1.E-10)THEN

                          XX=OBMX(IWI,I)-OBMN(IWI,I)

                          RH(IWI,I)=.9-.8*XX/(XX+EXP(5.122-.1269*XX))

                      END IF

                  END IF              

                  X2=MAX(TX,-1.7)

                  XYP(6)=XYP(6)+((X1/25.4)/(1.8*X2+22.))**1.111

                  X1=RMO(IWI,I)/(UAVM(I)+1.E-10)

                  IF(EXTM>1.)THEN

                      F=XY2/(UAVM(I)+.01)

                      XTP(I)=WI(IWI,I)

                      WI(IWI,I)=-XTP(I)/LOG(F)

                      WI(IWI,I)=APM*WI(IWI,I)/(X1+1.)

                      IF(WI(IWI,I)<.1)WI(IWI,I)=.1

                      IF(WI(IWI,I)>.95)WI(IWI,I)=.95

                  ELSE

                      IF(EXTM<1.E-10)WI(IWI,I)=APM*X3*(OBMX(IWI,I)+20.)

                      XTP(I)=5.3*X1*WI(IWI,I)

                  END IF

              END DO          

              XYP(2)=XYP(2)/12.

              XYP(5)=XYP(5)/12.

              XYP(6)=115.*XYP(6)

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),3050)

                  WRITE(KW(1),602)TITWP(IWI),FWXP(IWI)

                  WRITE(KW(1),3300)HED(1),(OBMX(IWI,I),I=1,12),XYP(1),HED(1)

                  WRITE(KW(1),3300)HED(2),(OBMN(IWI,I),I=1,12),XYP(2),HED(2)

                  WRITE(KW(1),3010)'SDMX',(SDTMX(IWI,I),I=1,12),'SDMX'

                  WRITE(KW(1),3010)'SDMN',(SDTMN(IWI,I),I=1,12),'SDMN'

                  WRITE(KW(1),2550)HED(4),(RMO(IWI,I),I=1,12),XYP(3),HED(4)

                  WRITE(KW(1),3440)'SDRF',(RST(2,IWI,I),I=1,12),'SDRF'

                  WRITE(KW(1),3010)'SKRF',(RST(3,IWI,I),I=1,12),'SKRF'

                  WRITE(KW(1),3460)'PW/D',(PRW(1,IWI,I),I=1,12),'PW/D'

                  WRITE(KW(1),3460)'PW/W',(PRW(2,IWI,I),I=1,12),'PW/W'

                  WRITE(KW(1),3300)'DAYP',(UAVM(I),I=1,12),XYP(4),'DAYP'

                  WRITE(KW(1),3440)'P5MX',(XTP(I),I=1,12),'P5MX'

                  WRITE(KW(1),2550)HED(3),(OBSL(IWI,I),I=1,12),XYP(5),HED(3)

                  WRITE(KW(1),3440)'RAMX',(SRMX(I,1),I=1,12),'RAMX'

                  WRITE(KW(1),3010)'HRLT',(THRL(I,1),I=1,12),'HRLT'

                  WRITE(KW(1),3010)'RHUM',(RH(IWI,I),I=1,12),'RHUM'

                  WRITE(KW(1),3010)'ALPH',(WI(IWI,I),I=1,12),'ALPH'

                  WRITE(KW(1),3010)' PCF',(PCF(IWI,I),I=1,12),' PCF'

              END IF    

          END DO

          KND=K-1

          IWI=NWP

          IF(NGN<=0)THEN

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(/T10,A)')'__________RAIN, TEMP, RAD, WIND &

                  SPEED, & REL HUM ARE GENERATED__________'

                  IF(NGN<0)THEN

                      WRITE(KW(1),'(T10,A)')'RAINFALL IS SAME FOR ALL SUBAREAS'

                  ELSE

                      WRITE(KW(1),'(T10,A)')'RAINFALL IS SPATIALLY DISTRIBUTED'

                  END IF

              END IF    

          ELSE

              L=1

              N1=NGN

              DO J=4,1,-1

                  CALL AISPL(N1,N2)

                  IF(N1==0)EXIT

                  KGN(N1)=1

                  SELECT CASE(N1)

	                  CASE(1)

	                      N1=N2

	                      CYCLE

	                  CASE(2)

	                      KDT2(L)=59

	                  CASE(3)

	                      KDT2(L)=3

	                  CASE(4)

	                      KDT2(L)=7

	                  CASE(5)

	                      KDT2(L)=8

	                  CASE DEFAULT

	              END SELECT

                  L=L+1

                  N1=N2

              END DO

              IF(KFL(1)>0)THEN

                  SELECT CASE(L)

                      CASE(1)

                          WRITE(KW(1),'(/T10,A)')'__________RAIN IS INPUT__________'

	                  CASE(2)

	                      WRITE(KW(1),'(/T10,A,1X,A4,A)')'__________RAIN,',HED&

	                      (KDT2(1)),' ARE INPUT__________'     

	                  CASE(3)

	                      WRITE(KW(1),3650)(HED(KDT2(J)),J=1,2)

	                  CASE(4)

	                      WRITE(KW(1),3660)(HED(KDT2(J)),J=1,3)

	                  CASE(5)

	                      WRITE(KW(1),3670)(HED(KDT2(J)),J=1,4)

                  END SELECT

              END IF        

	      END IF

	      IF(INFL==4)THEN

	          CALL OPENV(KR(29),FRFDT,IDIR)

	          I2=-1

              DO WHILE(I2/=IRFT) 

	              READ(KR(29),*,IOSTAT=NFL)I2,RFTFILE

                  IF(NFL/=0)THEN

                      WRITE(*,*)'RAINDT NO = ',IRFT,' NOT IN RFTFILE LIST FILE'

                      STOP

                  END IF

              END DO

              REWIND KR(29)

              CALL OPENV(KR(30),RFTFILE,IDIR)

              IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,A80)')'WITHIN STORM RAINFALL READ FROM ',RFTFILE

	      END IF

          ! ICMO=COMMAND NUMBERS OF WATERSHED OUTLETS

          ! LINE 9  

          READ(KR(1),811)ICMO

          DO I=1,10

              IF(ICMO(I)==0)EXIT

          END DO

          NCMO=I-1	      

          IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,F6.3)')'WET-DRY PROB COEF = ',BTA

          XTP(2)=XTP(2)/12.

          AAP=XYP(3)

          RFAD=AAP/365.25

          AVT=(XYP(1)+XYP(2))*.5

	      CLF=RFAD/AVT

          X1=MAX(1.,AVT)

	      CLF0=SQRT(AAP/X1)

          IF(UXP<1.E-10)UXP=.5

          IF(DIAM<1.E-10)DIAM=500.

          USTRT=.0161*SQRT(DIAM)

          USTT=USTRT*USTRT

          ! UAVM = AV MO WIND SPEED(m/s)(REQUIRED TO SIMULATE WIND

          ! EROSION--ACW>0 LINE 23  AND POTENTIAL ET IF PENMAN OR

          ! PENMAN-MONTEITH EQS ARE USED--LINE 4)

          ! LINE 7

          READ(KR(22),3191)UAVM

          AWV=0.

          WB=0.

          XTP=0.

          DO I=1,12

              IF(UAVM(I)<1.E-5)UAVM(I)=UAV0(I)

              AWV=AWV+UAVM(I)

              DO J=1,100

                  RN2=AUNIF(IDG(5))

                  WV=UAVM(I)*(-LOG(RN2))**UXP

                  IF(WV>6.)THEN

                      EV=193.*EXP(1.103*(WV-30.)/(WV+1.))

                      XTP(I)=XTP(I)+EV

                  END IF

              END DO

              WB=WB+XTP(I)

          END DO

          AWV=AWV/12.

          WCF=(3.86*AWV**3/XYP(6)**2)**.3484

          IF(KFL(1)>0)WRITE(KW(1),3300)HED(7),UAVM,AWV,HED(7)

          IF(IET==4.AND.PRMT(34)>0.)THEN

              HGX=PRMT(34)

          ELSE

              IF(WCF<.5)THEN

                  HGXW=.5

              ELSE

                  HGXW=MIN(.6,WCF)

              END IF    

              IF(CLF0>7.)THEN

                  HGX0=.5

              ELSE

                  HGX0=MIN(.6,1.2-.1*CLF0)

              END IF 

              HGX=.5*(HGXW+HGX0)       

          END IF                        

          ! DIR  = AV MO FRACTION OF WIND FROM 16 DIRECTIONS(BLANK UNLESS

          ! WIND EROSION IS SIMULATED--ACW>0 LINE 23).

          DO J=1,16

              ! LINES 25/40

              READ(KR(22),3191)(DIR(I,J),I=1,12)

              IF(DIR(1,J)>0.)CYCLE

              DO I=1,12

                  DIR(I,J)=1.

              END DO

          END DO        

          REWIND KR(22)

          IF(KFL(1)>0)THEN

              WRITE(KW(1),'(/T10,A)')'WIND DIRECTION DISTRIBUTION'

              WRITE(KW(1),'(T20,A,A80)')'WIND = ',TITWN

              WRITE(KW(1),3280)NBYR

          END IF    

          XTP=0.

          DO I=1,12

              XTP(1)=XTP(1)+DIR(I,1)

              IF(UAVM(1)>0.)THEN

                  CALL AEXINT(UXP,SUM)

                  UAVM(I)=UAVM(I)/SUM

              END IF

              DO J=2,16

                  XTP(J)=XTP(J)+DIR(I,J)

                  DIR(I,J)=DIR(I,J)+DIR(I,J-1)

              END DO

              DO J=1,16

                  DIR(I,J)=DIR(I,J)/DIR(I,16)

              END DO

          END DO        

          SUM=0.

          DO J=1,16

              SUM=SUM+XTP(J)

          END DO

          DO J=1,16

              XTP(J)=XTP(J)/SUM

              IF(KFL(1)>0)WRITE(KW(1),3300)HEDW(J),(DIR(I,J),I=1,12),XTP(J),HEDW(J)

          END DO

          IF(KFL(1)>0)THEN

              WRITE(KW(1),'(T10,A,F7.3)')'WIND EROS CLIMATIC FACTOR = ',WCF                                                                              

              WRITE(KW(1),'(T10,A,F7.2)')'CLIMATIC FACTOR = ',CLF0

              SELECT CASE(IET)

                  CASE(1)

                      WRITE(KW(1),'(/T10,A)')'___________PENMAN-MONTEITH  EQ &

                      USED TO EST POT ET___________'

                  CASE(2)

                      WRITE(KW(1),'(/T10,A)')'___________PENMAN EQ USED TO EST &

                      POT ET___________'

                  CASE(3)

                      WRITE(KW(1),'(/T10,A)')'___________PRIESTLEY-TAYLOR EQ &

                      USED TO EST POT ET___________'

                  CASE(4)

                      WRITE(KW(1),'(/T10,A,F8.4,A,F5.2)')'___________HARGREAVES EQ USED TO &

                      EST POT ET ___________ PARM(23)=',PRMT(23),' PARM(34)=',HGX

                  CASE(5)

                      WRITE(KW(1),'(/T10,A)')'__________ BAIER-ROBERTSON EQ &

                      USED TO EST POT ET __________'

                  CASE DEFAULT

                      WRITE(KW(1),'(/T10,A,F8.4,A,F5.2)')'___________HARGREAVES EQ USED TO &

                      EST POT ET ___________ PARM(23)=',PRMT(23),' PARM(34)=',HGX

              END SELECT

          END IF        

          CALL ALPYR(IYR,NYD,LPYR)

	      CALL ADAJ(NC,IBD,IMO,IDA,NYD)

	      JDA=IBD

          MO=1

          CALL AXMON

          MO1=MO

          TX=(OBMX(1,MO)+OBMN(1,MO))/2.

          ST0=OBSL(1,MO)

          DST0=TX

          DO I=1,100

              KDC1(I)=0

              !NX(I)=I

          END DO

          DO I=1,MSA

              NX(I)=I

          END DO

     2140 LC=0

          NDT=0

          NDP=0

          NDF=0

          ISV=0

          X1=IWTB*RFAD

          DO I=1,MSA

              TITSO(I)=''

              TITOP(I)=''

              SMRF(I)=X1

              SMEO(I)=X1

              DO J=1,MSL

                  LID(J,I)=J

                  LORG(J,I)=J

              END DO

              LID(ML1,I)=ML1

          END DO

          CALL AINLZ

	      CALL AINIX

	      DO J=1,NRN0

              IDG(J)=J

          END DO

          IYX=IYR0-1880

          ! RANDOM NUMBER GENERATOR ID NUMBERS

          ! IDG = 1 DETERMINES WET AND DRY DAYS

          !     = 2 RELATES WEATHER VARIABLES TO RAIN

          !     = 3 RAINFALL AMOUNT

          !     = 4 RAINFALL ENERGY(EI)- PEAK RUNOFF RATE(QRB)

          !     = 5 WIND SPEED

          !     = 6 WIND DIRECTION

          !     = 7 RELATIVE HUMIDITY

          !     = 8 RUNOFF CURVE NUMBER

          !     = 9 WITHIN DAY WIND SPEED DIST

          !     =10 X COORDINATE OF SPATIAL RAINFALL GENERATOR

          !     =11 Y COORDINATE OF SPATIAL RAINFALL GENERATOR

          !     =12 MULTIPLE WEATHER GEN PARM SELECTOR

          !     =13 PADDY SEDIMENT CONC

          IF(IGN>0)THEN

              DO KK=1,IGN

                  DO J=1,NRN0

                      XX=AUNIF(NRNG)

                      IX(J)=IX(NRNG)

                  END DO

              END DO        

              CALL AISHFL

          END IF

          DO J=1,NRN0

              IX0(J)=IX(J)

          END DO

          IF(KFL(1)>0)THEN

              WRITE(KW(1),3070)IGN,(IX(IDG(I)),I=1,NRN0),(IDG(I),I=1,NRN0)

	          WRITE(KW(1),714)

          END IF    

  	      V3=AUNIF(IDG(3))

          V1=AUNIF(IDG(2))

          IF(IHRD>0)THEN 

	          IOW1=1

	          DO 

                  IHD=IHD+1

                  ! INITIAL HERD DATA

                  ! IDON = OWNER ID#

                  ! NCOW = NUMBER OF COWS PER HERD BY OWNER(HD)

                  ! IDMU = MANURE ID # (FERTCOM.DAT)

                  ! FFED = MINIMUM FRACTION OF DAY HERD IN FEEDING AREA.

                  ! GZRT = GRAZING RATE FOR EACH HERD (kg/hd/d)

                  ! DUMP = DAILY UNIT MANURE PROD(kg/hd/d)

                  ! VURN = VOLUME OF URINE (l/hd/d)

                  READ(KR(21),2320,IOSTAT=NFL)IOW,(XTP(J),J=1,6)

                  IF(NFL/=0)EXIT

	              IF(IOW==0.OR.IOW>MOW)EXIT

	              IF(IOW1/=IOW)THEN

	                  IOW1=IOW

                      IHD=1

	              END IF

                  NHRD(IOW)=NHRD(IOW)+1

	              NCOW(IHD,IOW)=XTP(1)

	              IDMU(IHD,IOW)=XTP(2)

	              FFED(IHD,IOW)=XTP(3)

	              GZRT(IHD,IOW)=XTP(4)

	              DUMP(IHD,IOW)=XTP(5)

	              VURN(IHD,IOW)=XTP(6)

                  NMC=NMC+NCOW(IHD,IOW)

                  IF(KFL(1)>0)WRITE(KW(1),646)IOW,IHD,NCOW(IHD,IOW),IDMU&

                  (IHD,IOW),(XTP(J),J=3,6)

              END DO

          END IF

          IF(IHRD<2)THEN    

              IHDM=1

              NHRD=1          

          END IF

          IF(KFL(1)>0)WRITE(KW(1),101)NMC

          IHBS=0

	      NYHO=0

          !IF(NMC>0)THEN

	          !IF(KFL(1)>0)WRITE(KW(1),713)

  	          !IYHO=1 

              ! HERD MANAGEMENT DATA

              ! READ OPERATION SCHEDULE

              ! 1    IOW  = OWNER NUMBER

              ! 2    IHD  = HERD NUMBER

              ! 3    I1   = YR OF BUY/SELL

              ! 4    I2   = MO OF BUY/SELL

              ! 5    I3   = DAY OF BUY/SELL

              ! 6    I4   = NUMBER OF ANIMALS IN HERD AFTER BUY/SELL

              !DO

                  !READ(KR(21),3100)IOW,IHD,I1,I2,I3,I4

	              !IF(IOW==0)EXIT

	              !IHBS(IHD,IOW)=IHBS(IHD,IOW)+1

	              !NHBS(IHD,IOW)=IHBS(IHD,IOW)

	              !NBSX(IHBS(IHD,IOW),IHD,IOW)=I4

       	          !IF(I1>IYHO(IHD,IOW))IYHO(IHD,IOW)=I1

	              !NYHO(IHD,IOW)=IYHO(IHD,IOW)

	              !IHDT(IHBS(IHD,IOW),IHD,IOW)=I1*10000+I2*100+I3

	              !IF(KFL(1)>0)WRITE(KW(1),848)I1,I2,I3,IOW,IHD,I4

	          !END DO

	      !END IF

  	      IYHO=1

          REWIND KR(21)

          IF(KFL(36)>0)THEN

              WRITE(KW(36),3381)IYER,IMON,IDAY,IT1,IT2,IT3

              WRITE(KW(36),'(T10,A,I4,1X,A,1X,A80)')'RUN # ',IRUN,'NAME',ASTN

          END IF

          K1=1

          SUMA=0.

          TOT=0.

	      NFED=0

          XCU=0.

          YCU=0.

          XCS=1.E10

          YCS=1.E10

          ELMN=1.E10

          XZP=0.

          TWMB=0.

	      NBON=0

	      TBTN=0.

	      NCP=1

          DO ISA=1,MSA  !SUBAREA LOOP

              KRST(ISA)=ISA+100000

              IBSA(ISA)=ISA

              JSA(ISA)=ISA

              XX=0.

              SUM=0.

              BIG(ISA)=.15

              RZ(ISA)=3.

              PAW(ISA)=0.

              RZSW(ISA)=0.

              PMX(ISA)=PRMT(43)

              ! NBSA=SUBAREA 

              ! LINE 1

              READ(KR(5),'(I8)')NBSA(ISA)

              IF(NBSA(ISA)==0)EXIT

              IF(NBSA(ISA)>NBMX0)THEN

                  NBMX0=NBSA(ISA)

                  DEALLOCATE(NISA,FPSO)

                  ALLOCATE(NISA(NBMX),FPSO(NBMX))

              END IF

              ! SUBAREA DATA

              !  1  INPS = SOIL # FROM TABLE KR(13)

              !  2  IOPS = OP SCHED # FROM TABLE KR(15)

              !  3  IOW  = OWNER ID #

              !  4  II   = 0 FOR NON FEEDING AREAS

              !          = HERD # FOR FEEDING AREAS

              !  5  IAPL = 0 FOR NON MANURE APPL AREAS

              !          = - FEED AREA ID # FOR LIQUID MANURE APPL AREAS

              !          =   FEED AREA ID # FOR SOLID MANURE APPL AREAS

              !  6  NOT USED

              !  7  NVCN = 0 VARIABLE DAILY CN NONLINEAR CN/SW WITH DEPTH SOIL WATER

              !              WEIGHTING

              !          = 1 VARIABLE DAILY CN NONLINEAR CN/SW NO DEPTH WEIGHTING

              !          = 2 VARIABLE DAILY CN LINEAR CN/SW NO DEPTH WEIGHTING

              !          = 3 NON-VARYING CN--CN2 USED FOR ALL STORMS

              !          = 4 VARIABLE DAILY CN SMI(SOIL MOISTURE INDEX)

              !  8  IWTH = INPUT DAILY WEATHER STATION NUMBER

              !  9  IPTS = POINT SOURCE NUMBER

              ! 10  ISAO = 0 FOR NORMAL RES PRINCIPAL SPILLWAY RELEASE

              !          = ID OF SUBAREA RECEIVING OUTFLOW FROM BURRIED PIPE OUTLET

              ! 11  LUNS = LAND USE NUMBER FROM NRCS LAND USE-HYDROLOGIC SOIL GROUP

              !            TABLE.  OVERRIDES LUN IN .OPC FILE.  

              ! 12  IMW  = MIN INTERVAL BETWEEN AUTO MOW

              !     LINE 2

              READ(KR(5),*)INPS,IOPS,IOW,II,IAPL(ISA),I1,NVCN(ISA),IWTH(ISA),&

              IPTS(ISA),ISAO(ISA),LUNS(ISA),IMW(ISA)

              IF(IMW(ISA)==0)IMW(ISA)=IMW0 

              ! INITIAL CONDITIONS

              !  1  SNO  = WATER CONTENT OF SNOW COVER(mm)

              !  2  STDO = STANDING DEAD CROP RESIDUE(t/ha)

              !  3  YCT  = LATITUDE OF SUBAREA CENTROID

              !  4  XCT  = LONGITUDE OF SUBAREA CENTROID

              !  5  AZM  = AZIMUTH ORIENTATION OF LAND SLOPE (DEGREES CLOCKWISE FROM NORTH)

              !  6  SAEL = SUBAREA ELEVATION(m)

              !  7  FL   = FIELD LENGTH(km)(0 IF UNKNOWN)

              !  8  FW   = FIELD WIDTH(km)(0 IF UNKNOWN)

              !  9  ANGL = CLOCKWISE ANGLE OF FIELD LENGTH FROM NORTH(deg)(0 IF

              !            UNKNOWN)

              !     LINE 3

              READ(KR(5),*)SNO(ISA),STDO(ISA),YCT(ISA),XCT(ISA),AZM,SAEL,FL,FW,ANGL

              XCU=MAX(ABS(XCT(ISA)),XCU)

              XCS=MIN(ABS(XCT(ISA)),XCS)

              YCU=MAX(ABS(YCT(ISA)),YCU)

              YCS=MIN(ABS(YCT(ISA)),YCS)

              IF(SAEL<ELMN)THEN

                  ELMN=SAEL

                  KSA=ISA

              END IF    

              IF(FL<1.E-10)FL=FL0

              IF(FW<1.E-10)FW=FW0

              IF(ANGL<1.E-10)ANGL=ANG0

              IF(FL<1.E-10)FL=.632

              IF(FW<1.E-10)FW=.316

              ANG=ANGL/CLT

              IF(ABS(XCT(ISA))>0..OR.ABS(YCT(ISA))>0.)THEN

                  YLAZ=YCT(ISA)

              ELSE

                  YLAZ=YLAT

              END IF

              IF(IOW>NBON)NBON=IOW

              IDON(ISA)=IOW

              NSAO(IOW)=NSAO(IOW)+1

              IDOW(NSAO(IOW),IOW)=ISA

              IDFH(ISA)=II

              IF(II>0)THEN

                  IFED(II,IOW)=ISA

                  NFED(IOW)=NFED(IOW)+1

                  IDFD(NFED(IOW),IOW)=NBSA(ISA)

                  IDFA(NFED(IOW),IOW)=ISA

              END IF 

              IF(NVCN(ISA)==0)NVCN(ISA)=NVCN0

              WCHS=0.

              ! CATCHMENT CHARACTERISTICS

              !  1  WSA  = DRAINAGE AREA(ha)

              !  2  CHL  = CHANNEL LENGTH(km)(0 IF UNKNOWN)

              !  3  CHD  = CHANNEL DEPTH(m)(0 IF UNKNOWN)

              !  4  CHS  = CHANNEL SLOPE(m/m)(0 IF UNKNOWN)

              !  5  CHN  = MANNINGS N FOR CHANNEL(0 IF UNKNOWN)

              !  6  STP  = AVE UPLAND SLOPE(m/m)

              !  7  SPLG = AVE UPLAND SLOPE LENGTH(m)

              !  8  UPN  = MANNINGS N FOR UPLAND(0 IF UNKNOWN)

              !  9  FFPQ = FRACTION FLOODPLAIN FLOW--PARTITIONS FLOW THRU FILTER STRIPS

              ! 10  URBF = URBAN FRACTION OF SUBAREA

              !     LINE 4

              READ(KR(5),*)WSA(ISA),CHL(ISA),CHD,CHS(ISA),CHN(ISA),STP(ISA),&

              SPLG(ISA),UPN,FFPQ(ISA),URBF(ISA)

              IF(IAZM>0)THEN

                  X1=ASIN(STP(ISA))

                  YLAZ=YLAZ/CLT

                  AZR=AZM/CLT

                  YLAZ=CLT*ASIN(STP(ISA)*COS(AZR)*COS(YLAZ)+COS(X1)*SIN(YLAZ))

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(T10,A,F8.3)')'AZIMUTH ORIENTATION OF LAND SLOPE',&

                      '(DEGREES CLOCKWISE FROM NORTH)',AZM

                      WRITE(KW(1),'(T10,A,F8.3)')'EQUIVALENT LATITUDE = ',YLAZ

                  END IF    

              END IF

              XX=YLAZ/CLT

              YLS(ISA)=SIN(XX)

              YLC(ISA)=COS(XX)

              YTN(ISA)=TAN(XX)

              PB=101.3-ELEV*(.01152-5.44E-7*ELEV)

              GMA(ISA)=6.595E-4*PB

              IRF(ISA)=ISA

              IF(NGN>0)CALL WDLYSTA	

              AHSM=CAHU(1,365,0.,1)

              Z1=ABS(WSA(ISA))

              GRDL(ISA)=SQRT(Z1*1.E4)

              TOT=TOT+Z1

              X3=1.+Z1

              IF(STP(ISA)<1.E-10)STP(ISA)=.001

              ISCH=1

              IF(WSA(ISA)<0.)ISCH=0

              IF(CHD<1.E-10)CHD=COCH(3)*Z1**COCH(4)

              IF(CHL(ISA)<1.E-10)CHL(ISA)=COCH(5)*Z1**COCH(6)

              IF(CHN(ISA)<1.E-10)CHN(ISA)=.05

              IF(UPN<1.E-10)UPN=.15

              X8=SQRT(STP(ISA))

              X1=100.*STP(ISA)

              IF(SCLM(18)>0.)X1=MIN(X1,SCLM(18))

              CNSX(ISA)=1.1-.3*X1/(X1+EXP(SCRP(18,1)-SCRP(18,2)*X1))

              IF(PRMT(92)>0.)THEN

                  SCNX(ISA)=PRMT(92)

              ELSE

                  IF(SCLM(28)>0.)X1=MIN(X1,SCLM(28))

                  SCNX(ISA)=MIN(1.7,2.-X1/(X1+EXP(SCRP(28,1)-SCRP(28,2)*X1)))

                  SCNX(ISA)=MAX(1.,SCNX(ISA))

              END IF    

              IF(CHS(ISA)<1.E-10)CHS(ISA)=STP(ISA)*X3**(-.3)

              UPSX(ISA)=SPLG(ISA)/22.127

              XM=.3*STP(ISA)/(STP(ISA)+EXP(-1.47-61.09*STP(ISA)))+.2

              SLF(ISA)=UPSX(ISA)**XM*(STP(ISA)*(65.41*STP(ISA)+4.56)+.065)

              X1=3.*STP(ISA)**.8+.56

              BETA=STP(ISA)/(.0896*X1)

              RXM=BETA/(1.+BETA)

              RLF(ISA)=UPSX(ISA)**RXM

              IF(SPLG(ISA)>4.57)THEN

                  IF(STP(ISA)>.09)THEN

                      RSF(ISA)=16.8*STP(ISA)-.5 

                  ELSE

                      RSF(ISA)=10.8*STP(ISA)+.03

                  END IF

              ELSE    

                  RSF(ISA)=X1

              END IF

              ACET(1,ISA)=Z1

              ACET(2,ISA)=CHL(ISA)

              ACET(3,ISA)=CHD

              ACET(4,ISA)=CHS(ISA)

              ACET(5,ISA)=CHN(ISA)

              ACET(6,ISA)=STP(ISA)

              ACET(7,ISA)=SPLG(ISA)

              ACET(8,ISA)=UPN

              X1=MIN(SPLG(ISA),SQRT(10000.*Z1))

              IF(ITYP>0)THEN

                  IF(CHL(ISA)>.1)THEN

                      SFL=50.

                  ELSE

                      IF(CHL(ISA)>.05)THEN

                          SFL=100.*(CHL(ISA)-.05)

                      ELSE

                          SFL=0.

                      END IF

                  END IF

                  TSF=SFL/MIN(2160.,17712.*X8)

                  X1=MAX(CHL(ISA)-(SPLG(ISA)+SFL)*.001,0.)

                  TCC(ISA)=X1/(3.6*CHD**.66667*SQRT(CHS(ISA))/CHN(ISA))

                  TCS(ISA)=.0913*(SPLG(ISA)*UPN)**.8/STP(ISA)**.4

                  TCC(ISA)=TCC(ISA)+TSF

                  TC(ISA)=TCC(ISA)+TCS(ISA)

              ELSE

                  TCS(ISA)=.0216*(SPLG(ISA)*UPN)**.75/STP(ISA)**.375

                  TCC(ISA)=1.75*CHL(ISA)*CHN(ISA)**.75/(Z1**.125*CHS(ISA)**.375)

                  X4=MIN(SPLG(ISA)/360.,TCS(ISA))

                  TC(ISA)=X4+TCC(ISA)

              END IF

              ! CHANNEL GEOMETRY OF ROUTING REACH THRU SUBAREA

              !  1  RCHL = CHANNEL LENGTH OF ROUTING REACH(km)

              !  2  RCHD = CHANNEL DEPTH(m)(0 IF UNKNOWN)

              !  3  RCBW = BOTTOM WIDTH OF CHANNEL(m)(0 IF UNKNOWN)

              !  4  RCTW = TOP WIDTH OF CHANNEL(m)(0 IF UNKNOWN)

              !  5  RCHS = CHANNEL SLOPE(m/m)(0 IF UNKNOWN)

              !  6  RCHN = MANNINGS N VALUE OF CHANNEL(0 IF UNKNOWN)

              !  7  RCHC = USLE C FOR CHANNEL

              !  8  RCHK = USLE K FOR CHANNEL

              !  9  RFPW = FLOODPLAIN WIDTH(m)(0 IF UNKNOWN)

              ! 10  RFPL = FLOODPLAIN LENGTH(km)(0 IF UNKNOWN)

              ! 11  SAT1 = SATURARTED CONDUCTIVITY(GREEN & AMPT) ADJUSTMENT FACTOR(.01_10.)

              ! 12  FPS1 = FLOODPLAIN SATURARTED CONDUCTIVITY ADJUSTMENT FACTOR(.0001_10.)

              SAT1=0.

              FPS1=0.

              ! LINE 5

              READ(KR(5),*)RCHL(ISA),RCHD(ISA),RCBW(ISA),RCTW(ISA),RCHS(ISA),&

              RCHN(ISA),RCHC(ISA),RCHK(ISA),RFPW(ISA),RFPL(ISA),SAT1,FPS1

              IF(RCHC(ISA)<1.E-10)RCHC(ISA)=RCC0

              ! RESERVOIR DATA

              !  1  RSEE = ELEV AT EMERGENCY SPILLWAY ELEV(m)

              !  2  RSAE = SURFACE AREA AT EMERGENCY SPILLWAY ELEV(ha)

              !  3  RVE0 = VOLUME AT EMERGENCY SPILLWAY ELEV(mm)

              !  4  RSEP = ELEV AT PRINCIPAL SPILLWAY ELEV(m)

              !  5  RSAP = SURFACE AREA AT PRINCIPAL SPILLWAY ELEV(ha)

              !  6  RVP0 = VOLUME AT PRINCIPAL SPILLWAY ELEV(mm)

              !  7  RSV  = INITIAL VOLUME(mm)

              !  8  RSRR = TIME TO RELEASE FLOOD STORAGE(d)

              !  9  RSYS = INITIAL SEDIMENT CONCENTRATION(ppm)

              ! 10  RSYN = NORMAL SEDIMENT CONC(ppm)

              ! 11  RSHC = BOTTOM HYDRAULIC CONDUCTIVITY(mm/h)

              ! 12  RSDP = TIME REQUIRED TO RETURN TO NORMAL SED CONC AFTER RUNOFF

              !            EVENT(d)

              ! 13  RSBD = BULK DENSITY OF SEDIMENT IN RESERVOIR(t/m^3)

              ! 14  PCOF = FRACTION OF SUBAREA CONTROLLED BY PONDS

              ! 15  BCOF = FRACTION OF SUBAREA CONTROLLED BY BUFFERS

              ! 16  BFFL = BUFFER FLOW LENGTH (m)

              ! 17  WTMN = MIN DEPTH TO WATER TABLE(m)(0 IF UNKNOWN)

              ! 18  WTMX = MAX DEPTH TO WATER TABLE(m)(0 IF UNKNOWN)

              ! 19  WTBL = INITIAL WATER TABLE HEIGHT(m)(0 IF UNKNOWN)

              ! 20  GWST = GROUNDWATER STORAGE (mm)

              ! 21  GWMX = MAXIMUM GROUNDWATER STORAGE (mm)

              ! 22  RFTT = GROUNDWATER RESIDENCE TIME(d)(0 IF UNKNOWN)

              ! 23  RFPK = RETURN FLOW / (RETURN FLOW + DEEP PERCOLATION)

              ! LINE 6/7

              READ(KR(5),*)RSEE(ISA),RSAE(ISA),RVE0(ISA),RSEP(ISA),&

              RSAP(ISA),RVP0(ISA),RSV(ISA),RSRR(ISA),RSYS(ISA),RSYN(ISA),&

              RSHC(ISA),RSDP(ISA),RSBD(ISA),PCOF(ISA),BCOF(ISA),&

              BFFL(ISA),WTMN(ISA),WTMX(ISA),WTBL(ISA),GWST(ISA),&

              GWMX(ISA),RFTT(ISA),RFPK(ISA)

              SVX=0.

              IF(RCHL(ISA)<1.E-10)RCHL(ISA)=CHL(ISA)

              IF(RFPL(ISA)<1.E-10)RFPL(ISA)=.95*RCHL(ISA)

              IF(RSBD(ISA)<1.E-10)RSBD(ISA)=.8

              IF(ABS(RCHL(ISA)-CHL(ISA))<1.E-10)THEN

                  ! SUBAREA	

	              IEXT(ISA)=1

                  ISV=ISV+1

                  SAV(ISV)=SUMA

                  SUMA=Z1

                  ICDT(K1)=1

                  IDOT(K1)=K1

                  IDN1T(K1)=ISA

                  IDN2T(K1)=0

                  IDOS(ISV)=K1-1

                  TC(K1)=TC(ISA)

              ELSE

                  ! ROUTE      

                  SUMA=SUMA+Z1

                  ICDT(K1)=2

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=ISA

                  TC(K1)=TC(IDN1T(K1))

                  K1=K1+1

                  ! SUBAREA      

                  ICDT(K1)=1

                  IDOT(K1)=K1

                  IDN1T(K1)=ISA

                  IDN2T(K1)=0

                  TC(K1)=TC(ISA)

                  K1=K1+1

                  ! ADD      

                  ICDT(K1)=3

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=IDOT(K1-2)

                  TC(K1)=TC(IDN1T(K1))+TC(IDN2T(K1))

              END IF

              K1=K1+1

              IF(PCOF(ISA)<1.E-20)PCOF(ISA)=PCO0 

              X1=ABS(RSAE(ISA))

              ! RESERVOIR

              IF(X1>0.)THEN

                  ICDT(K1)=4

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

	              IDN2T(K1)=ISA

                  K1=K1+1

              ELSE

                  IF(PCOF(ISA)>0.)THEN

                      ! GENERIC PONDS

                      ICDT(K1)=5

                      IDOT(K1)=K1

                      IDN1T(K1)=IDOT(K1-1)

	                  IDN2T(K1)=ISA

                      K1=K1+1

	                  RVP0(ISA)=50.

                      RVE0(ISA)=55.

	                  RSV(ISA)=RVP0(ISA)

	                  XX=1000.*Z1*PCOF(ISA)

	                  IF(XX<260.)THEN

	                      RSAP(ISA)=3.E-5*XX

                      ELSE

	                      XX=XX-256.

	                      TW=.5*(16.+SQRT(XX))

	                      RSAP(ISA)=.0001*TW*TW

	                  END IF

                      RSAE(ISA)=1.01*RSAP(ISA)

	                  RSYS(ISA)=300.

	                  RSYN(ISA)=100.

	                  RSHC(ISA)=.00001

	                  RSDP(ISA)=5.

	                  RSBD(ISA)=.8

	                  RSRR(ISA)=20.

                  END IF    

              END IF    

              IF(ISCH==0)THEN

                  ! ADD      

                  WSA(ISA)=Z1

                  SUMA=SUMA+SAV(ISV)

                  ICDT(K1)=3

                  IDOT(K1)=K1

                  IDN1T(K1)=IDOT(K1-1)

                  IDN2T(K1)=IDOS(ISV)

                  TC(K1)=TC(IDN1T(K1))+TC(IDN2T(K1))

                  SVX=SAV(ISV)

                  K1=K1+1

                  ISV=ISV-1

              END IF    

              RWSA(ISA)=SUMA-SVX

              X3=RWSA(ISA)

              X1=X3

              IF(RCHN(ISA)<1.E-10)RCHN(ISA)=.05

              IF(RCHL(ISA)<1.E-10)RCHL(ISA)=.001*GRDL(ISA)

              GRDL(ISA)=1.414*GRDL(ISA)

              X3=X3+1.

              IF(RCHS(ISA)<1.E-10)RCHS(ISA)=STP(ISA)*X3**(-.3)

              WCHS=WCHS+RCHS(ISA)*Z1

              RFPS(ISA)=RCHS(ISA)*RCHL(ISA)/RFPL(ISA)

              IF(QG>0.)THEN

                  QX=.002778*X1*QG0*(1./RWSA(ISA))**QCF

                  X1=BWD+2.

                  X1=(QX*RCHN(ISA)/(X1*(X1/(BWD+4.472))**.6667*SQRT(RCHS(ISA))))**&

                  .375

                  IF(RCBW(ISA)<1.E-10)RCBW(ISA)=BWD*X1

                  IF(RCTW(ISA)<1.E-10)RCTW(ISA)=RCBW(ISA)+4.*X1

                  IF(RCHD(ISA)<1.E-10)RCHD(ISA)=X1

                  IF(RFPW(ISA)<1.E-10)RFPW(ISA)=FCW*RCTW(ISA)

              ELSE

                  IF(RCTW(ISA)<1.E-10)RCTW(ISA)=COCH(1)*X3**COCH(2)

                  IF(RFPW(ISA)<1.E-10)RFPW(ISA)=10.*RCTW(ISA)

                  IF(RCHD(ISA)<1.E-10)RCHD(ISA)=COCH(3)*X3**COCH(4)

                  IF(RCBW(ISA)<1.E-10)RCBW(ISA)=MAX(RCTW(ISA)-4.*RCHD(ISA),.1*&

                  RCTW(ISA))

              END IF

              IF(RCBW(ISA)>RCTW(ISA))RCBW(ISA)=.75*RCTW(ISA)

              RFPX(ISA)=SQRT(RFPS(ISA))*RFPW(ISA)/UPN

              BFSN(ISA)=X8/UPN

              ZCH=RCHD(ISA)

              CBW=RCBW(ISA)

              RCSS(ISA)=.5*(RCTW(ISA)-CBW)/ZCH

              X3=SQRT(RCSS(ISA)*RCSS(ISA)+1.)

              RCHX(ISA)=SQRT(RCHS(ISA))/RCHN(ISA)

              CHXA(ISA)=ZCH*(CBW+ZCH*RCSS(ISA))

              CHXP(ISA)=CBW+2.*ZCH*X3

              QCAP(ISA)=CHXA(ISA)**1.66667*RCHX(ISA)/CHXP(ISA)**.66667

              WCHS=WCHS/TOT

              IF(IHY==3.AND.IEXT(ISA)==0)THEN

                  !XL=.001*SQRT(3.E4*RWSA(ISA))

                  !TCX=.0663*XL**.77/RCHS(ISA)**.385

                  !QPX=.9*RWSA(ISA)/TCX

                  !QPX=13.*SQRT(RWSA(ISA))

                  QPX=3591.

                  SSS=SQRT(RCSS(ISA)*RCSS(ISA)+1.)

                  !XCTW=RCTW(ISA)

                  !XFPW=RFPW(ISA)

                  CALL HQDAV(AO2,CBW,QPX,SSS,ZCH,ZI2,RCTW(ISA),RFPW(ISA),ISA)

                  !DZRT=ZI2/NPRC

                  DZRT=.3333333

                  CALL RATECVM_CM(CBW,DZRT,SSS,ZCH)

              END IF

              IF(KFL(28)>0.OR.KFL(5)>0)THEN

                  IF(BCHL>0..AND.BCHS>0.)THEN

                      WCHL=.3*SQRT(TOT/3.)

                      TCB=.0663*BCHL**.77/BCHS**.385

                      TCW=.0663*WCHL**.77/WCHS**.385

                      DRSW=MIN(.95,(TCW/TCB)**PRMT(37))

                      BS2=LOG10(DRSW)/2.699

                      BS1=1./.1**BS2

                  ELSE

                      BS1=0.

                      BS2=1.

                      DRSW=1.

                  END IF

              END IF

              IF(KFL(1)>0)WRITE(KW(1),'(T10,A,F8.4)')'DELIVERY RATIO TO SWAT = ',DRSW

              IF(ISOL==0)THEN

                  I2=-1

                  DO WHILE(I2/=INPS)

                      READ(KR(13),*,IOSTAT=NFL)I2,SOILFILE

                      IF(NFL/=0)THEN

                          WRITE(*,*)'SOIL NO = ',INPS,' NOT IN SOIL LIST FILE &

                          SAID = ',NBSA(ISA)

                          STOP

                      END IF

                  END DO

                  CALL OPENV(KR(14),SOILFILE,IDIR)

                  REWIND KR(13)

              ELSE

                  WRITE(ASOL,'(I8.8)')NBSA(ISA)

                  SOILFILE=ASOL//".SOT"

                  CALL OPENV(KR(14),SOILFILE,0)

              END IF

              TITSO(ISA)=SOILFILE

              ! LINE 1

              READ(KR(14),'()')

              ! SOIL PROPERTIES

              !  1  SALB = SOIL ALBEDO

              !  2  HSG  = HYDROLOGIC SOIL GROUP--1.=A; 2.=B; 3.=C; 4.=D

              !  3  FFC  = FRACTION OF FIELD CAP FOR INITAL WATER STORAGE(BLANK IF

              !            UNKNOWN)

              ! 4-10 DUM

              ! 11  TSLA = MAXIMUM NUMBER OF SOIL LAYERS(3-30)

              ! 12  XIDS = 0. FOR CALCAREOUS SOILS AND NON CALCAREOUS

              !                  WITHOUT WEATHERING INFORMATION

              !          = 1. FOR NON CACO3 SLIGHTLY WEATHERED

              !          = 2. NON CACO3 MODERATELY WEATHERED

              !          = 3. NON CACO3 HIGHLY WEATHERED

              !          = 4. INPUT PSP

              

                ! 13  RTN1 = NUMBER YEARS OF CULTIVATION AT START OF SIMULATION. BLANK                                                  

              !            DEFAULTS TO RTN0.                                                                              

              ! 14  XIDK = 1 FOR KAOLINITIC SOIL GROUP                                                                    

              !          = 2 FOR MIXED SOIL GROUP                                                                         

              !          = 3 FOR SMECTITIC SOIL GROUP                                                                     

              ! 15  ZQT  = MINIMUM THICKNESS OF MAXIMUM LAYER(m)(SPLITTING                                                

              !            STOPS WHEN ZQT IS REACHED)                                                                     

              ! 16  ZF   = MINIMUM PROFILE THICKNESS(m)--STOPS SIMULATION.                                                

              ! 17  ZTK  = MINIMUM LAYER THICKNESS FOR BEGINNING SIMULATION LAYER                                         

              !            SPLITTING--MODEL SPLITS FIRST LAYER WITH THICKNESS GREATER                                     

              !            THAN ZTK(m); IF NONE EXIST THE THICKEST LAYER IS SPLIT.                                        

              ! 18  FBM  = FRACTION OF ORG C IN BIOMASS POOL(.03-.05)                                                     

              ! 19  FHP  = FRACTION OF HUMUS IN PASSIVE POOL(.3-.7)                                                       

              ! 20  XCC  = CODE WRITTEN AUTOMATICALLY BY .SOT (NOT USER INPUT)                                            

              !     LINE 2/3                                                                                              

              READ(KR(14),3120)SALB(ISA),HSG,FFC(ISA),DUM,DUM,DUM,DUM,&

              DUM,DUM,DUM,TSLA(ISA),XIDS(ISA),RTN1,XIDK(ISA),ZQT,ZF,ZTK,&

              FBM(ISA),FHP(ISA),XCC                                                             

              NCC=XCC                                                                                                     

              IF(HSG<1.E-10.OR.HSG>4.)THEN                                                                                

                  WRITE(*,*)'HYDROLOGIC SOIL GROUP NO MISSING SOIL = ',SOILFILE                                           

                  STOP                                                                                                    

              END IF                                                                                                      

              GWSN(ISA)=0.                                                                                                

              IF(WTMX(ISA)<1.E-10)THEN                                                                                    

                  WTMN(ISA)=50.                                                                                           

                  WTMX(ISA)=100.                                                                                          

                  WTBL(ISA)=75.                                                                                           

              END IF                                                                                                      

              IDS(ISA)=XIDS(ISA)+1.1                                                                                      

              IF(RTN1<1.E-5)RTN1=RTN0                                                                                     

              IF(FBM(ISA)<1.E-10)FBM(ISA)=.04                                                                             

              IF(FHP(ISA)<1.E-10)FHP(ISA)=.7-.3*EXP(-.0277*RTN1)                                                          

              IF(GWST(ISA)<1.E-10)GWST(ISA)=GWS0                                                                          

              IF(GWMX(ISA)<1.E-10)GWMX(ISA)=GWS0                                                                          

              IF(RFPK(ISA)<1.E-10)RFPK(ISA)=RFP0                                                                          

              IF(FFC(ISA)<1.E-10)FFC(ISA)=AAP/(AAP+EXP(9.043-.002135*AAP))                                                

              IDSK=MAX(XIDK(ISA),1.)                                                                                      

              MXLA=TSLA(ISA)                                                                                              

              IF(ZQT<1.E-10)ZQT=.1                                                                                        

              IF(ZF<1.E-10)ZF=.1                                                                                          

              IF(ZTK<1.E-10)ZTK=.15                                                                                       

              IF(RFTT(ISA)<1.E-10)RFTT(ISA)=RFT0                                                                          

              ZNH3(ISA)=0.                                                                                                

              ZFOP(ISA)=0.                                                                                                

              ZLS(ISA)=0.                                                                                                 

              ZLM(ISA)=0.                                                                                                 

              ZLSL(ISA)=0.                                                                                                

              ZLSC(ISA)=0.                                                                                                

              ZLMC(ISA)=0.                                                                                                

              ZLSLC(ISA)=0.                                                                                               

              ZLSLNC(ISA)=0.                                                                                              

              ZBMC(ISA)=0.                                                                                                

              ZHSC(ISA)=0.                                                                                                

              ZHPC(ISA)=0.                                                                                                

              ZLSN(ISA)=0.                                                                                                

              ZLMN(ISA)=0.                                                                                                

              ZBMN(ISA)=0.                                                                                                

              ZHSN(ISA)=0.                                                                                                

              ZHPN(ISA)=0.                                                                                                

              !     READ SOIL DATA                                                                                        

              !     THE SOIL IS DIVIDED VERTICALLY INTO LAYERS(MAX OF 30 LAYERS                                           

              !     OF USER SPECIFIED THICKNESS).  DATA ARE INPUT 10 LAYERS AT A TIME.                                    

              !     THUS 10 VALUES OF THE FOLLOWING DATA ARE INPUT ON SPECIFIED LINES.                                    

              !     LINES 9/29 CONTAIN DATA FOR LAYERS 1/10                                                               

              !  4  Z    = DEPTH TO BOTTOM OF LAYERS(m)                                                                   

              !  5  BD   = BULK DENSITY(t/m3)                                                                             

              !  6  UW   = SOIL WATER CONTENT AT WILTING POINT(1500 KPA)(m/m)                                             

              !            (BLANK IF UNKNOWN)                                                                             

              !  7  FC   = WATER CONTENT AT FIELD CAPACITY(33KPA)(m/m)                                                    

              !            (BLANK IF UNKNOWN)                                                                             

              !  8  SAN  = % SAND                                                                                         

              !  9  SIL  = % SILT                                                                                         

              ! 10  WN   = INITIAL ORGANIC N CONC(g/t)       (BLANK IF UNKNOWN)                                           

              ! 11  PH   = SOIL PH                                                                                        

              ! 12  SMB  = SUM OF BASES(cmol/kg)              (BLANK IF UNKNOWN)                                          

              ! 13  WOC  = ORGANIC CARBON CONC(%)                                                                         

              ! 14  CAC  = CALCIUM CARBONATE(%)                                                                           

              ! 15  CEC  = CATION EXCHANGE CAPACITY(cmol/kg)(BLANK IF UNKNOWN)                                            

              ! 16  ROK  = COARSE FRAGMENTS(% VOL)              (BLANK IF UNKNOWN)                                        

              ! 17  CNDS = INITIAL SOL N CONC(g/t)            (BLANK IF UNKNOWN)                                          

              ! 18  SSF  = INITIAL SOL P CONC(g/t)       (BLANK IF UNKNOWN)                                               

              ! 19  RSD  = CROP RESIDUE(t/ha)                (BLANK IF UNKNOWN)                                           

              ! 20  BDD  = BULK DENSITY(OVEN DRY)(t/m3)   (BLANK IF UNKNOWN)                                              

              ! 21  PSP  = P SORPTION RATIO                   (BLANK IF UNKNOWN)                                          

              ! 22  SATC = SATURATED CONDUCTIVITY(mm/h)     (BLANK IF UNKNOWN)                                            

              ! 23  HCL  = LATERAL HYDRAULIC CONDUCTIVITY(mm/h)                                                           

              ! 24  WPO  = INITIAL ORGANIC P CONC(g/t)      (BLANK IF UNKNOWN)                                            

              ! 25  DHN  = EXCHANGEABLE K CONC (g/t)                                                                      

              ! 26  ECND = ELECTRICAL COND (mmho/cm)                                                                      

              ! 27  STFR = FRACTION OF STORAGE INTERACTING WITH NO3 LEACHING                                              

              !                                               (BLANK IF UNKNOWN)                                          

              ! 28  SWST = INITIAL SOIL WATER STORAGE (m/m)                                                               

              ! 29  CPRV = FRACTION INFLOW PARTITIONED TO VERTICLE CRACK OR PIPE FLOW                                     

              ! 30  CPRH = FRACTION INFLOW PARTITIONED TO HORIZONTAL CRACK OR PIPE                                        

              !            FLOW                                                                                           

              ! 31  WLS  = STRUCTURAL LITTER(kg/ha)           (BLANK IF UNKNOWN)                                          

              ! 32  WLM  = METABOLIC LITTER(kg/ha)            (BLANK IF UNKNOWN)                                          

              ! 33  WLSL = LIGNIN CONTENT OF STRUCTURAL LITTER(kg/ha)(B I U)                                              

              ! 34  WLSC = CARBON CONTENT OF STRUCTURAL LITTER(kg/ha)(B I U)                                              

              ! 35  WLMC = C CONTENT OF METABOLIC LITTER(kg/ha)(B I U)                                                    

              ! 36  WLSLC= C CONTENT OF LIGNIN OF STRUCTURAL LITTER(kg/ha)(B I U)                                         

              ! 37  WLSLNC=N CONTENT OF LIGNIN OF STRUCTURAL LITTER(kg/ha)(BIU)                                           

              ! 38  WBMC = C CONTENT OF BIOMASS(kg/ha)(BIU)                                                               

              ! 39  WHSC = C CONTENT OF SLOW HUMUS(kg/ha)(BIU)                                                            

              ! 40  WHPC = C CONTENT OF PASSIVE HUMUS(kg/ha)(BIU)                                                         

              ! 41  WLSN = N CONTENT OF STRUCTURAL LITTER(kg/ha)(BIU)                                                     

              ! 42  WLMN = N CONTENT OF METABOLIC LITTER(kg/ha)(BIU)                                                      

              ! 43  WBMN = N CONTENT OF BIOMASS(kg/ha)(BIU)                                                               

              ! 44  WHSN = N CONTENT OF SLOW HUMUS(kg/ha)(BIU)                                                            

              ! 45  WHPN = N CONTENT OF PASSIVE HUMUS(kg/ha)(BIU)                                                         

              ! 46  FE26 = IRON CONTENT(%)                                                                                

              ! 47  SULF = SULFUR CONTENT(%)                                                                              

              ! 48  ASHZ = SOIL HORIZON(A,B,C)                                                                            

              ! 49  CGO2 = O2 CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                        

              ! 50  CGCO2= CO2 CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                       

              ! 51  CGN2O= N2O CONC IN GAS PHASE (g/m3 OF SOIL AIR)                                                       

              !     LINES 4/47

              READ(KR(14),3111)(Z(I,ISA),I=1,MSL)                                                                         

              READ(KR(14),3111)(BD(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(UW(I),I=1,MSL)                                                                            

              READ(KR(14),3111)(FC(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(SAN(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(SIL(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WON(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(PH(I,ISA),I=1,MSL)                                                                        

              READ(KR(14),3111)(SMB(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WOC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CAC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CEC(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(ROK(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(CNDS(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SSF(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(RSD(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(BDD(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(PSP(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(SATC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(HCL(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WPO(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(DHN(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(ECND(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(STFR(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SWST(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(CPRV(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(CPRH(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLS(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WLM(I,ISA),I=1,MSL)                                                                       

              READ(KR(14),3111)(WLSL(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLMC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSLC(I,ISA),I=1,MSL)                                                                     

              READ(KR(14),3111)(WLSLNC(I,ISA),I=1,MSL)                                                                    

              READ(KR(14),3111)(WBMC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHSC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHPC(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLSN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WLMN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WBMN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHSN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(WHPN(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(FE26(I,ISA),I=1,MSL)                                                                      

              READ(KR(14),3111)(SULF(I,ISA),I=1,MSL)                                                                      

              ! LINE 48                                                                                                   

              READ(KR(14),'(15A8)')ASHZ                                                                                   

              ! LINES 49/51                                                                                               

              IF(IDNT>2)THEN                                                                                              

                  READ(KR(14),3111)(CGO2(I,ISA),I=1,MSL)                                                                  

                  READ(KR(14),3111)(CGCO2(I,ISA),I=1,MSL)                                                                 

                  READ(KR(14),3111)(CGN2O(I,ISA),I=1,MSL)                                                                 

              ELSE                                                                                                        

                  CGO2=0.                                                                                                 

                  CGCO2=0.                                                                                                

                  CGN2O=0.                                                                                                

              END IF                                                                                                      

              L=1                                                                                                         

              LZ=0                                                                                                        

              XX=0.                                                                                                       

              XCB=.2                                                                                                      

              CLOSE(KR(14))                                                                                               

              DO I=1,MSL !SOIL LOOP                                                                                             

                  IF(Z(I,ISA)<1.E-10)EXIT                                                                           

                  IF(SAN(I,ISA)<1.E-5)THEN                                                                                

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' SAN=0.0'                                           

                      IF(I==1)THEN                                                                                        

                          SAN(I,ISA)=.33                                                                                  

                      ELSE                                                                                                

                          SAN(I,ISA)=SAN(I-1,ISA)                                                                         

                      END IF                                                                                              

                  END IF                                                                                                  

                  IF(SIL(I,ISA)<1.E-5)THEN                                                                                

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' SIL=0.0'                                           

                      IF(I==1)THEN                                                                                        

                          SIL(I,ISA)=.33                                                                                  

                      ELSE                                                                                                

                          SIL(I,ISA)=SIL(I-1,ISA)                                                                         

                      END IF                                                                                              

                  END IF                                                                                                  

                  CLA(I,ISA)=100.-SAN(I,ISA)-SIL(I,ISA)

                  !Calculate median particle size for the top soil layer, paddy modeling Jaehak Jeong 2014

                  IF(I==1) THEN

                      SUB_D50(ISA)=EXP(.0041*CLA(I,ISA)+.0271*SIL(I,ISA)+.057*SAN(I,ISA)) 

                  END IF

                  IF(BD(I,ISA)<1.E-5)THEN                                                                                 

                      WRITE(KW(36),*)'SUBAREA ',ISA,' SOIL LAYER ',I,' BD=0.0'                                            

                      BD(I,ISA)=1.25+.005*SAN(I,ISA)                                                                      

                  END IF                                                                                                  

                  X1=BD(I,ISA)                                                                                            

                  DG=1000.*(Z(I,ISA)-XX)                                                                                  

                  CALL SBDSC(BD(I,ISA),PRMT(2),F,I,1)                                                                     

                  CALL SDST(RSD,DG,DG1,1.,.01,I,ISA,MSL)                                                                 

                  CALL SDST(SSF,DG,DG,20.,.001,I,ISA,MSL)                                                                 

                  CALL SDST(CNDS,DG,DG,10.,.001,I,ISA,MSL)                                                                

                  CALL SDST(DHN,DG,DG,100.,.001,I,ISA,MSL)                                                                

                  TRSD(ISA)=TRSD(ISA)+RSD(I,ISA)                                                                          

                  ZD=.25*(XX+Z(I,ISA))                                                                                    

                  F=ZD/(ZD+EXP(-.8669-2.0775*ZD))                                                                         

                  STMP(I,ISA)=F*(AVT-TX)+TX                                                                               

                  IF(WOC(I,ISA)<=0.)WOC(I,ISA)=XCB*EXP(-.001*DG)                                                          

                  XCB=WOC(I,ISA)                                                                                          

                  XZ=WOC(I,ISA)*.0172                                                                                     

                  ZZ=1.-XZ                                                                                                

                  WT(I,ISA)=BD(I,ISA)*DG*10.                                                                              

                  DG1=DG                                                                                                  

                  WT1=WT(I,ISA)/1000.                                                                                     

                  X1=10.*WOC(I,ISA)*WT(I,ISA)                                                                             

                  WOC(I,ISA)=X1                                                                                           

                  IF(WON(I,ISA)>0.)THEN                                                                                   

                      WON(I,ISA)=WT1*WON(I,ISA)                                                                           

                      KK=0                                                                                                

                  ELSE                                                                                                    

                      WON(I,ISA)=.1*WOC(I,ISA)                                                                            

                      KK=1                                                                                                

                  END IF                                                                                                  

                  IF(NCC==0)THEN                                                                                          

                      WBM=FBM(ISA)*X1                                                                                     

                      WBMC(I,ISA)=WBM                                                                                     

                      IF(KK>0)THEN                                                                                        

                          RTO=.1                                                                                          

                      ELSE                                                                                                

                          RTO=WON(I,ISA)/WOC(I,ISA)                                                                       

                      END IF                                                                                              

                      WBMN(I,ISA)=RTO*WBMC(I,ISA)                                                                         

                      WHP=FHP(ISA)*(X1-WBM)                                                                               

                      WHS=X1-WBM-WHP                                                                                      

                      WHSC(I,ISA)=WHS                                                                                     

                      WHSN(I,ISA)=RTO*WHSC(I,ISA)                                                                         

                      WHPC(I,ISA)=WHP                                                                                     

                      WHPN(I,ISA)=RTO*WHPC(I,ISA)                                                                         

                      X1=RSD(I,ISA)                                                                                       

                      IF(I==1)X1=X1+STDO(ISA)                                                                             

                      WLM(I,ISA)=500.*X1                                                                                  

                      WLS(I,ISA)=WLM(I,ISA)                                                                               

                      WLSL(I,ISA)=.8*WLS(I,ISA)                                                                           

                      WLMC(I,ISA)=.42*WLM(I,ISA)                                                                          

                      WLMN(I,ISA)=.1*WLMC(I,ISA)                                                                          

                      WLSC(I,ISA)=.42*WLS(I,ISA)                                                                          

                      WLSLC(I,ISA)=.8*WLSC(I,ISA)                                                                         

                      WLSLNC(I,ISA)=.2*WLSC(I,ISA)                                                                        

                      WLSN(I,ISA)=WLSC(I,ISA)/150.                                                                        

                      WOC(I,ISA)=WOC(I,ISA)+WLSC(I,ISA)+WLMC(I,ISA)                                                       

                      WON(I,ISA)=WON(I,ISA)+WLSN(I,ISA)+WLMN(I,ISA)                                                       

                  END IF                                                                                                  

                  FOP(I,ISA)=RSD(I,ISA)*1.1                                                                               

                  WPMA(I,ISA)=0.                                                                                          

                  IF(WPO(I,ISA)>0.)THEN                                                                                   

                      WPO(I,ISA)=WT1*WPO(I,ISA)                                                                           

                  ELSE                                                                                                    

                      WPO(I,ISA)=.125*WON(I,ISA)                                                                          

                  END IF                                                                                                  

                  PO(I,ISA)=1.-BD(I,ISA)/2.65                                                                             

                  X2=.1*WOC(I,ISA)/WT(I,ISA)                                                                              

                  SELECT CASE(ISW)                                                                                      

                  CASE(0,2)                                                                                               

                      CALL SWRTNR(CLA(I,ISA),SAN(I,ISA),X2,UW(I),FC(I,ISA))                                               

                  CASE(1,3)                                                                                               

                      IF(UW(I)<1.E-10.OR.FC(I,ISA)<1.E-10)CALL SWRTN_BNW(CLA(I,ISA),&                                       

                      SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                                            

                  CASE(4,5)                                                                                               

                      CALL SWNN(CLA(I,ISA),SAN(I,ISA),X2,UW(I),FC(I,ISA))                                                 

                  CASE(6,7)                                                                                               

                      CALL SWRTN_BNW(CLA(I,ISA),SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                    

                  CASE DEFAULT                                                                                            

                      CALL SWRTN_BNW(CLA(I,ISA),SAN(I,ISA),X2,BD(I,ISA),UW(I),FC(I,ISA))                                    

                      ISW=6                                                                                               

                  END SELECT 

                  IF(ROK(I,ISA)>99.)ROK(I,ISA)=90.                                                                        

                  XY=1.-ROK(I,ISA)*.01                                                                                    

                  UW(I)=UW(I)*XY                                                                                          

                  XY=XY*DG                                                                                                

                  FC(I,ISA)=FC(I,ISA)*XY                                                                                  

                  S15(I,ISA)=UW(I)*DG                                                                                     

                  PO(I,ISA)=PO(I,ISA)*XY                                                                                  

                  CALL SPOFC(I)

                  VGA(I,ISA)=EXP(-4.3003-.0097*CLA(I,ISA)+.0138*SAN(I,ISA)-.1706*X2)

                  VGA(I,ISA)=max(VGA(I,ISA),0.001)

                  VGN0=1.

                  VGA0=VGA(I,ISA)

                  UW0=S15(I,ISA)

                  PO0=PO(I,ISA)

                  FC0=FC(I,ISA)

                  DO IT=1,10

                      FU=UW0+(PO0-UW0)/(1.+(VGA0*336.27)**VGN0)**(1.-1./VGN0)-FC0

                      IF(ABS(FU)<1.E-5)EXIT

                      IF(IT==1)THEN

                          DF=.01

                      ELSE

                          if(abs(VGN0-VG1)>1e-5)then

                             DFDN=(FU-FU1)/(VGN0-VG1)

                             if(abs(DFDN)>1e-5)then

                                DF=FU/DFDN

                             else

                                DF=.01

                             endif

                             

                          else

                             DF=.01

                          endif

                      END IF

                      VG1=VGN0

                      FU1=FU

                      VGN0=VGN0-DF

                      IF(VGN0<1.2)VGN0=1.2

                      IF(ABS(DF)<1.E-5)EXIT

                  END DO    

                  VGN(I,ISA)=VGN0

                  IF(NCC==0)THEN

                      IF(SWST(I,ISA)<1.E-10)SWST(I,ISA)=FFC(ISA)

                      SWST(I,ISA)=SWST(I,ISA)*(FC(I,ISA)-S15(I,ISA))+S15(I,ISA)

                  END IF    

                  SEV(1,ISA)=SEV(1,ISA)+XY                                                                                

                  SEV(3,ISA)=SEV(3,ISA)+WT(I,ISA)                                                                         

                  XX=Z(I,ISA)                                                                                             

                  IF(HCL(I,ISA)<1.E-10)HCL(I,ISA)=STP(ISA)*SATC(I,ISA)                                                    

                  IF(CEC(I,ISA)>0.)THEN                                                                                   

                      IF(CAC(I,ISA)>0.)SMB(I,ISA)=CEC(I,ISA)                                                              

                      IF(SMB(I,ISA)>CEC(I,ISA))SMB(I,ISA)=CEC(I,ISA)                                                      

                      BSA=SMB(I,ISA)*100./(CEC(I,ISA)+1.E-20)                                                             

                      IF(PH(I,ISA)>5.6)THEN                                                                               

                          ALS(I,ISA)=0.                                                                                   

                      ELSE                                                                                                

                          X1=.1*WOC(I,ISA)/WT(I,ISA)                                                                      

                          ALS(I,ISA)=154.2-1.017*BSA-3.173*X1-14.23*PH(I,ISA)                                             

                          IF(ALS(I,ISA)<0.)THEN                                                                           

                              ALS(I,ISA)=0.                                                                               

                          ELSE                                                                                            

                              IF(ALS(I,ISA)>95.)ALS(I,ISA)=95.                                                            

                          END IF                                                                                          

                      END IF                                                                                              

                  ELSE                                                                                                    

                      CEC(I,ISA)=PH(I,ISA)                                                                                

                      SMB(I,ISA)=CEC(I,ISA)                                                                               

                      ALS(I,ISA)=0.                                                                                       

                  END IF                                                                                                  

                  SELECT CASE(IDS(ISA))                                                                                   

                  CASE(1)                                                                                                 

                      IF(CAC(I,ISA)>0.)THEN                                                                               

                          PSP(I,ISA)=.58-.0061*CAC(I,ISA)                                                                 

                          BPT(I,ISA)=7.6E-4                                                                               

                      ELSE                                                                                                

                          PSP(I,ISA)=.5                                                                                   

                          BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                           

                      END IF                                                                                              

                  CASE(2)                                                                                                 

                      PSP(I,ISA)=.02+.0104*SSF(I,ISA)                                                                     

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(3)                                                                                                 

                      PSP(I,ISA)=.0054*BSA+.116*PH(I,ISA)-.73                                                             

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(4)                                                                                                 

                      PSP(I,ISA)=.46-.0916*LOG(CLA(I,ISA))                                                                

                      BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                               

                  CASE(5)                                                                                                 

                      IF(CAC(I,ISA)>0.)THEN                                                                               

                          BPT(I,ISA)=7.6E-4                                                                               

                      ELSE                                                                                                

                          BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                           

                      END IF                                                                                              

                  END SELECT                                                                                              

                  IF(PSP(I,ISA)<.05)PSP(I,ISA)=.05                                                                        

                  IF(PSP(I,ISA)>.75)PSP(I,ISA)=.75                                                                        

                  BPT(I,ISA)=EXP(-1.77*PSP(I,ISA)-7.05)                                                                   

                  SELECT CASE(IDSK)                                                                                       

                  CASE(1)                                                                                                 

                      SOLK(I,ISA)=MAX(.05*DHN(I,ISA),.052*DHN(I,ISA)-.12)                                                 

                      FIXK(I,ISA)=374.+236.*CLA(I,ISA)                                                                    

                  CASE(2)                                                                                                 

                      SOLK(I,ISA)=.026*DHN(I,ISA)+.5                                                                      

                      FIXK(I,ISA)=1781.+316.*CLA(I,ISA)                                                                   

                  CASE(3)                                                                                                 

                      SOLK(I,ISA)=.026*DHN(I,ISA)+.5                                                                      

                      FIXK(I,ISA)=1781.+316.*CLA(I,ISA)                                                                   

                  END SELECT                                                                                              

                  EQKS(I,ISA)=SOLK(I,ISA)/DHN(I,ISA)                                                                      

                  EQKE(I,ISA)=DHN(I,ISA)/FIXK(I,ISA)                                                                      

                  EXCK(I,ISA)=DHN(I,ISA)*WT1                                                                              

                  SOLK(I,ISA)=SOLK(I,ISA)*WT1                                                                             

                  FIXK(I,ISA)=FIXK(I,ISA)*WT1                                                                             

                  ZSK(ISA)=ZSK(ISA)+SOLK(I,ISA)                                                                           

                  ZEK(ISA)=ZEK(ISA)+EXCK(I,ISA)                                                                           

                  ZFK(ISA)=ZFK(ISA)+FIXK(I,ISA)                                                                           

                  WPMA(I,ISA)=SSF(I,ISA)*(1.-PSP(I,ISA))/PSP(I,ISA)                                                       

                  WPMS(I,ISA)=4.*WPMA(I,ISA)                                                                              

                  WSLT(I,ISA)=6.4*ECND(I,ISA)*SWST(I,ISA)                                                                 

                  ZSLT(ISA)=ZSLT(ISA)+WSLT(I,ISA)                                                                         

                  WPMA(I,ISA)=WPMA(I,ISA)*WT1                                                                             

                  WPMS(I,ISA)=WPMS(I,ISA)*WT1                                                                             

                  WPML(I,ISA)=SSF(I,ISA)*WT1                                                                              

                  ZPML(ISA)=ZPML(ISA)+WPML(I,ISA)                                                                         

                  ZPMA(ISA)=ZPMA(ISA)+WPMA(I,ISA)                                                                         

                  ZFOP(ISA)=ZFOP(ISA)+FOP(I,ISA)                                                                          

                  ZPMU(ISA)=ZPMU(ISA)+WPMU(I,ISA)                                                                         

                  ZPOU(ISA)=ZPOU(ISA)+WPOU(I,ISA)                                                                         

                  ZLSC(ISA)=ZLSC(ISA)+WLSC(I,ISA)                                                                         

                  ZLMC(ISA)=ZLMC(ISA)+WLMC(I,ISA)                                                                         

                  ZLSLC(ISA)=ZLSLC(ISA)+WLSLC(I,ISA)                                                                      

                  ZLSLNC(ISA)=ZLSLNC(ISA)+WLSLNC(I,ISA)                                                                   

                  ZBMC(ISA)=ZBMC(ISA)+WBMC(I,ISA)                                                                         

                  ZHSC(ISA)=ZHSC(ISA)+WHSC(I,ISA)                                                                         

                  ZHPC(ISA)=ZHPC(ISA)+WHPC(I,ISA)                                                                         

                  ZLSN(ISA)=ZLSN(ISA)+WLSN(I,ISA)                                                                         

                  ZLMN(ISA)=ZLMN(ISA)+WLMN(I,ISA)                                                                         

                  ZBMN(ISA)=ZBMN(ISA)+WBMN(I,ISA)                                                                         

                  ZHSN(ISA)=ZHSN(ISA)+WHSN(I,ISA)                                                                         

                  ZHPN(ISA)=ZHPN(ISA)+WHPN(I,ISA)                                                                         

                  IF(Z(I,ISA)<=PMX(ISA))THEN                                                                              

                      SUM=SUM+WT(I,ISA)                                                                                   

                      PDPL(ISA)=PDPL(ISA)+WPML(I,ISA)+WPMU(I,ISA)                                                         

                      OCPD(ISA)=OCPD(ISA)+WOC(I,ISA)                                                                      

                      PDSKC(ISA)=PDSKC(ISA)+SOLK(I,ISA)                                                                   

                      PDSW(ISA)=PDSW(ISA)+SWST(I,ISA)-S15(I,ISA)                                                          

                      PDAW(ISA)=PDAW(ISA)+FC(I,ISA)-S15(I,ISA)                                                            

                      L=I                                                                                                 

                  END IF                                                                                                  

                  WNO3(I,ISA)=CNDS(I,ISA)*WT1                                                                             

                  ZNO3(ISA)=ZNO3(ISA)+WNO3(I,ISA)                                                                         

                  IF(Z(I,ISA)<=RZ(ISA))THEN                                                                               

                      RZSW(ISA)=RZSW(ISA)+SWST(I,ISA)-S15(I,ISA)                                                          

                      PAW(ISA)=PAW(ISA)+FC(I,ISA)-S15(I,ISA)                                                              

                      LZ=I                                                                                                

                  END IF                                                                                                  

                  IF(BDD(I,ISA)<1.E-10)BDD(I,ISA)=BD(I,ISA)                                                               

                  BDP(I,ISA)=BD(I,ISA)                                                                                    

                  BDD(I,ISA)=BDD(I,ISA)/BD(I,ISA)                                                                         

                  ZPMS(ISA)=ZPMS(ISA)+WPMS(I,ISA)                                                                         

                  ZPO(ISA)=ZPO(ISA)+WPO(I,ISA)                                                                            

              END DO  !SOIL LOOP

              IF(I>MSL)THEN

                  NBSL(ISA)=MSL

              ELSE    

                  L1=LZ+1                                                                                               

                  NBSL(ISA)=I-1                                                                                               

                  IF(L1/=I)THEN                                                                                               

                      ZZ=RZ(ISA)-Z(LZ,ISA)                                                                                    

                      RTO=ZZ/(Z(L1,ISA)-Z(LZ,ISA))                                                                            

                      RZSW(ISA)=RZSW(ISA)+(SWST(L1,ISA)-S15(L1,ISA))*RTO                                                      

                      PAW(ISA)=PAW(ISA)+RTO*(FC(L1,ISA)-S15(L1,ISA))

                  END IF    

              END IF                                                                                                      

              LRD(ISA)=NBSL(ISA)                                                                                    

              IF(MXLA<NBSL(ISA))MXLA=NBSL(ISA)                                                                            

              IF(Z(1,ISA)>.01)THEN                                                                                        

                  NBSL(ISA)=NBSL(ISA)+1                                                                                   

                  DO I=NBSL(ISA),2,-1                                                                                     

                      LID(I,ISA)=LID(I-1,ISA)                                                                             

                  END DO                                                                                                  

                  LID(1,ISA)=NBSL(ISA)                                                                                    

                  LORG(NBSL(ISA),ISA)=1                                                                                   

                  RTO=.01/Z(1,ISA)                                                                                        

                  CALL SPLA(1,1,NBSL(ISA),RTO,1)                                                                          

                  Z(NBSL(ISA),ISA)=.01                                                                                    

              ELSE                                                                                                        

                  IF(Z(1,ISA)<.01)Z(1,ISA)=.01                                                                            

              END IF                                                                                                      

              IF(L/=NBSL(ISA))THEN                                                                                        

                  L1=LID(L+1,ISA)                                                                                         

                  X1=0.                                                                                                   

                  IF(L>0)X1=Z(LID(L,ISA),ISA)                                                                             

                  RTO=(PMX(ISA)-X1)/(Z(L1,ISA)-X1)                                                                        

                  SUM=SUM+WT(L1,ISA)*RTO                                                                                  

                  OCPD(ISA)=OCPD(ISA)+RTO*WOC(L1,ISA)                                                                     

                  PDPLX(ISA)=PDPL(ISA)+(WPML(L1,ISA)+WPMU(L1,ISA))*RTO                                                    

                  PDPL(ISA)=1000.*PDPLX(ISA)/SUM                                                                          

                  PDPL0(ISA)=PDPL(ISA)                                                                                    

                  PDPLC(ISA)=PDPL(ISA)                                                                                    

                  PDSKC(ISA)=PDSKC(ISA)+RTO*SOLK(L1,ISA)                                                                  

                  PDSKC(ISA)=1000.*PDSKC(ISA)/SUM                                                                         

                  PDSW(ISA)=PDSW(ISA)+RTO*(SWST(L1,ISA)-S15(L1,ISA))                                                      

                  PDAW(ISA)=PDAW(ISA)+RTO*(FC(L1,ISA)-S15(L1,ISA))                                                        

              ELSE                                                                                                        

                  PMX(ISA)=Z(NBSL(ISA),ISA)                                                                               

              END IF                                                                                                      

              OCPD(ISA)=.1*OCPD(ISA)/SUM                                                                                  

              SUM=1.E-4*SUM/PMX(ISA)                                                                                      

              ABD(ISA)=1.E-4*SEV(3,ISA)/XX

              DO WHILE(NBSL(ISA)<MXLA)

                  L1=LID(1,ISA)                                                                                               

                  ZMX=0.                                                                                                      

                  MXZ=2                                                                                                       

                  DO I=2,NBSL(ISA)                                                                                            

                      ISL=LID(I,ISA)                                                                                          

                      ZZ=Z(ISL,ISA)-Z(L1,ISA)                                                                                 

                      IF(ZZ>=ZTK)THEN                                                                                         

                          MXZ=I                                                                                               

                          EXIT

                      END IF                                                                                                  

                      IF(ZZ>ZMX+.01)THEN                                                                                      

                          ZMX=ZZ                                                                                              

                          MXZ=I                                                                                               

                      END IF                                                                                                  

                      L1=ISL                                                                                                  

                  END DO

                  IF(I>NBSL(ISA))THEN

                      ISL=LID(MXZ,ISA)                                                                                            

                      L1=LID(MXZ-1,ISA)  

                  END IF

                  NBSL(ISA)=NBSL(ISA)+1                                                                                 

                  CALL SPLA(ISL,L1,NBSL(ISA),.5,0)                                                                            

                  DO K=NBSL(ISA),MXZ+1,-1                                                                                     

                      LID(K,ISA)=LID(K-1,ISA)                                                                                 

                  END DO                                                                                                      

                  LID(MXZ,ISA)=NBSL(ISA)                                                                                      

                  LORG(NBSL(ISA),ISA)=LORG(ISL,ISA)                                                                           

              END DO

              XX=0.

              DO J=1,NBSL(ISA)                                                                                      

                  L=LID(J,ISA)                                                                                            

                  XGO2(L,isa)=CGO2(L,ISA)    ! Original statement XGO2(L)=CGO2(L,ISA) - Luca Doro

                  XGCO2(L,isa)=CGCO2(L,ISA)    ! Original statement XGCO2(L)=CGCO2(L,ISA) - Luca Doro

                  XGN2O(L,isa)=CGN2O(L,ISA)    ! Original statement XGN2O(L)=CGN2O(L,ISA) - Luca Doro

                  IF(NCC>0)THEN                                                                                           

                      WOC(L,ISA)=WLSC(L,ISA)+WLMC(L,ISA)+WBMC(L,ISA)+WHSC(L,ISA)+WHPC(L,ISA)                              

                      WON(L,ISA)=WLSN(L,ISA)+WLMN(L,ISA)+WBMN(L,ISA)+WHSN(L,ISA)+WHPN(L,ISA)                              

                  ELSE                                                                                                    

                      WLSC(L,ISA)=.42*WLS(L,ISA)                                                                          

                      WLMC(L,ISA)=.42*WLM(L,ISA)                                                                          

                      WLSLC(L,ISA)=.42*WLSL(L,ISA)                                                                        

                      WLSLNC(L,ISA)=WLSC(L,ISA)-WLSLC(L,ISA)                                                              

                  END IF                                                                                                  

                  SOL(1,L,ISA)=WHSC(L,ISA)                                                                                

                  SOL(2,L,ISA)=WHPC(L,ISA)                                                                                

                  SOL(3,L,ISA)=WLSC(L,ISA)                                                                                

                  SOL(4,L,ISA)=WLMC(L,ISA)                                                                                

                  SOL(5,L,ISA)=WBMC(L,ISA)                                                                                

                  SOL(6,L,ISA)=WOC(L,ISA)                                                                                 

                  SOL(7,L,ISA)=WHSN(L,ISA)                                                                                

                  SOL(8,L,ISA)=WHPN(L,ISA)                                                                                

                  SOL(9,L,ISA)=WLSN(L,ISA)                                                                                

                  SOL(10,L,ISA)=WLMN(L,ISA)                                                                               

                  SOL(11,L,ISA)=WBMN(L,ISA)                                                                               

                  SOL(12,L,ISA)=WON(L,ISA)                                                                                

                  SOL(13,L,ISA)=WPMA(L,ISA)                                                                               

                  SOL(14,L,ISA)=WPMS(L,ISA)                                                                               

                  SOL(15,L,ISA)=WPO(L,ISA)                                                                                

                  SOL(16,L,ISA)=EXCK(L,ISA)                                                                               

                  SOL(17,L,ISA)=FIXK(L,ISA)                                                                               

                  SOL(18,L,ISA)=SWST(L,ISA)                                                                               

                  SOL(19,L,ISA)=WLS(L,ISA)                                                                                

                  SOL(20,L,ISA)=WLM(L,ISA)                                                                                

                  SOL(21,L,ISA)=WLSL(L,ISA)                                                                               

                  SOL(22,L,ISA)=WLSLC(L,ISA)                                                                              

                  SOL(23,L,ISA)=WLSLNC(L,ISA)                                                                             

                  XZP(1,L,ISA)=WHSC(L,ISA)                                                                                

                  XZP(2,L,ISA)=WHPC(L,ISA)                                                                                

                  XZP(3,L,ISA)=WLSC(L,ISA)                                                                                

                  XZP(4,L,ISA)=WLMC(L,ISA)                                                                                

                  XZP(5,L,ISA)=WBMC(L,ISA)                                                                                

                  XZP(6,L,ISA)=WOC(L,ISA)                                                                                 

                  XZP(7,L,ISA)=WHSN(L,ISA)                                                                                

                  XZP(8,L,ISA)=WHPN(L,ISA)                                                                                

                  XZP(9,L,ISA)=WLSN(L,ISA)                                                                                

                  XZP(10,L,ISA)=WLMN(L,ISA)                                                                               

                  XZP(11,L,ISA)=WBMN(L,ISA)                                                                               

                  XZP(12,L,ISA)=WON(L,ISA)                                                                                

                  XZP(13,L,ISA)=WOC(L,ISA)/WON(L,ISA)                                                                     

                  !Set Richards parameters jaehak 2018 IPRK=2

                  IF(IPRK==2) THEN

                     X1=1000.*(Z(L,ISA)-XX)

                     X2=.1*WOC(L,ISA)/WT(L,ISA) 

                     CALL FREPARM(CLA(L,ISA),X2,SAN(L,ISA),BD(L,ISA),S15(L,ISA)/X1,FC(L,ISA)/X1,PO(L,ISA)/X1,vgA(L,ISA),vgN(L,ISA),vgSat(L,ISA),vgRes(L,ISA),X2) 

                  ENDIF

                  XX=Z(L,ISA) 

              END DO                                                                                                      

              ZON(ISA)=ZLSN(ISA)+ZLMN(ISA)+ZBMN(ISA)+ZHSN(ISA)+ZHPN(ISA)                                                  

              ZOC(ISA)=ZLSC(ISA)+ZLMC(ISA)+ZBMC(ISA)+ZHSC(ISA)+ZHPC(ISA)                                                  

              BTC(ISA)=ZOC(ISA)*WSA(ISA)                                                                                           

              BTCX(ISA)=BTC(ISA)/WSA(ISA)    ! BTCX(ISA)=BTC(ISA) original statement modified to correct unit on first year in AWP - Luca Doro 2023-04

              BTCZ(ISA)=.001*BTC(ISA)                                                                                          

              SLT0(ISA)=ZSLT(ISA)                                                                                         

              SLTX(ISA)=ZSLT(ISA)                                                                                         

              XZP(1,11,ISA)=ZHSC(ISA)                                                                                     

              XZP(2,11,ISA)=ZHPC(ISA)                                                                                     

              XZP(3,11,ISA)=ZLSC(ISA)                                                                                     

              XZP(4,11,ISA)=ZLMC(ISA)                                                                                     

              XZP(5,11,ISA)=ZBMC(ISA)                                                                                     

              XZP(6,11,ISA)=ZOC(ISA)                                                                                      

              XZP(7,11,ISA)=ZHSN(ISA)                                                                                     

              XZP(8,11,ISA)=ZHPN(ISA)                                                                                     

              XZP(9,11,ISA)=ZLSN(ISA)                                                                                     

              XZP(10,11,ISA)=ZLMN(ISA)                                                                                    

              XZP(11,11,ISA)=ZBMN(ISA)                                                                                    

              XZP(12,11,ISA)=ZON(ISA)                                                                                     

              XZP(13,11,ISA)=ZOC(ISA)/ZON(ISA)                                                                            

              IF(IDNT>2)THEN                                                                                              

                  NBCL=Z(LID(NBSL(ISA),ISA),ISA)/DZDN+.999                                                                

                  IF(NBCL>30)THEN                                                                                         

                      NBCL=30                                                                                             

                      DZDN=Z(LID(NBSL(ISA),ISA),ISA)/30.                                                                  

                  ELSE                                                                                                    

                      IF(NBCL<NBSL(ISA))THEN                                                                              

                          NBCL=NBSL(ISA)                                                                                  

                          X1=NBCL                                                                                         

                          DZDN=Z(LID(NBSL(ISA),ISA),ISA)/X1                                                               

                      END IF                                                                                              

                  END IF                                                                                                  

                  DZ10=10.*DZDN                                                                                           

                  TOT=0.                                                                                                  

                  DO I=1,NBCL                                                                                             

                      TOT=TOT+DZDN                                                                                        

                      ZC(I,ISA)=TOT                                                                                       

                  END DO                                                                                                  

                  CALL AINTRIC(XGO2,CGO2,NBSL(ISA),NBCL)                                                                  

                  CALL AINTRIC(XGCO2,CGCO2,NBSL(ISA),NBCL)                                                                

                  CALL AINTRIC(XGN2O,CGN2O,NBSL(ISA),NBCL)                                                                

                  IUN=NBCL-1                                                                                              

              END IF                                                                                                      

              IF(LBP>0)THEN                                                                                               

                  X1=CLA(LID(2,ISA),ISA)                                                                                  

                  CPMX(ISA)=1000.*X1/(X1+EXP(3.519-.027*X1))                                                              

              END IF                                                                                                      

              CALL SPRNT                                                                                                  

              IF(KFL(1)>0)THEN                                                                                            

                  WRITE(KW(1),2950)                                                                                       

                  WRITE(KW(1),2960)FL,FW,ANG0,UXP,ACW                                                                     

                  WRITE(KW(1),'(/T10,A,F8.0,A)')'ANNUAL HEAT UNITS = ',AHSM,' C'                                          

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL DATA____________&                                     

                  ________'                                                                                               

                  WRITE(KW(1),3000)SALB(ISA),MXLA,ZQT,ZF,ZTK,FBM(ISA),FHP(ISA),XIDS&                                      

                  (ISA),OCPD(ISA),RTN1                                                                                    

                  WRITE(KW(1),3001)IWTB,WTMN(ISA),WTMX(ISA),WTBL(ISA)                                                     

                  SELECT CASE(ISW)                                                                                         

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST RAWLS &                                             

                      METHOD DYNAMIC'                                                                                     

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT INP RAWLS &                                             

                      METHOD DYNAMIC'                                                                                     

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST RAWLS &                                             

                      METHOD STATIC'                                                                                      

                  CASE(3)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT INP STATIC '                                            

                  CASE(4)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST NEAREST &                                           

                      NEIGHBOR METHOD DYNAMIC'                                                                            

                  CASE(5)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST NEAREST &                                           

                      NEIGHBOR METHOD STATIC'	                                                                            

                  CASE(6)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST BNW &                                               

                      METHOD DYNAMIC'	                                                                                    

                  CASE(7)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'FIELD CAP/WILTING PT EST BNW &                                               

                      METHOD STATIC'	                                                                                     

                  END SELECT                                                                                              

              END IF                                                                                                      

              IF(KFL(1)>0.AND.ISTA>0)WRITE(KW(1),'(T10,A)')'STATIC SOIL PROFILE'                                                       

              IF(SAT1>0.)THEN                                                                                             

                  SATZ=SAT1                                                                                               

              ELSE                                                                                                        

                  IF(SAT0>0.)THEN                                                                                         

                      SATZ=SAT0                                                                                           

                  ELSE                                                                                                    

                      SATZ=1.                                                                                             

                  END IF                                                                                                  

              END IF                                                                                                      

              SATK(ISA)=SATC(LID(2,ISA),ISA)*SATZ                                                                         

              IF(FPS1>0.)THEN                                                                                             

                  FPSZ=FPS1                                                                                               

              ELSE                                                                                                        

                  IF(FPS0>0.)THEN                                                                                         

                      FPSZ=FPS0                                                                                           

                  ELSE                                                                                                    

                      FPSZ=1.                                                                                             

                  END IF                                                                                                  

              END IF                                                                                                      

              FPSC(ISA)=SATC(LID(2,ISA),ISA)*FPSZ                                                                         

              SW(ISA)=UW(2)*XX*1000.                                                                                      

              ZCOB(ISA)=ZCO(ISA)                                                                                          

              I2=-1                                                                                                       

              DO WHILE(I2/=IOPS)                                                                                          

                  READ(KR(15),*,IOSTAT=NFL)I2,OPSCFILE                                                                    

                  IF(NFL/=0)THEN                                                                                          

                      WRITE(*,*)'OPS NO = ',IOPS,' NOT IN OPSC LIST FILE &                                                

                      SAID = ',NBSA(ISA)                                                                                  

                      STOP                                                                                                

                  END IF                                                                                                  

              END DO                                                                                                      

              REWIND KR(15)                                                                                               

              CALL OPENV(KR(16),OPSCFILE,IDIR)                                                                            

              TITOP(ISA)=OPSCFILE                                                                                         

              ! LINE 1                                                                                                    

              READ(KR(16),'()')                                                                                           

              ! 1 LUN  = LAND USE NUMBER FROM NRCS LAND USE-HYDROLOGIC SOIL GROUP                                         

              !          TABLE                                                                                            

              ! 2 AUTO APPLICATION EQUIPMENT FROM TILLCOM.DAT                                                             

              ! 3 IAUI = AUTO IRRIGATION                                                                                  

              ! 4 IAUF = AUTO N FERT                                                                                      

              ! 5 IAMF = AUTO MANURE FROM GRAZING ANIMALS                                                                 

              ! 6 ISPF = AUTO MANURE APPLICATION FROM FEEDYARD STOCKPILE                                                  

              ! 7 ILQF = AUTO LIQUID MANURE APPLICATION FROM LAGOONS                                                      

              ! 8 IAUL = AUTO LIME APPLICATION                                                                            

              !     LINE 2                                                                                                

              READ(KR(16),3100)LUN(ISA),IAUI(ISA),IAUF(ISA),IAMF(ISA),ISPF(ISA),&                                         

              ILQF(ISA),IAUL(ISA)                                                                                         

              IF(IAUI(ISA)==0)IAUI(ISA)=500                                                                               

              IF(IAUF(ISA)==0)IAUF(ISA)=261                                                                               

              IF(IAMF(ISA)==0)IAMF(ISA)=268                                                                               

              IF(ISPF(ISA)==0)ISPF(ISA)=266                                                                               

              IF(ILQF(ISA)==0)ILQF(ISA)=265                                                                               

              IF(IAUL(ISA)==0)IAUL(ISA)=267                                                                               

              IF(LUNS(ISA)/=0)THEN                                                                                        

                  I1=LUNS(ISA)                                                                                            

                  LUNS(ISA)=LUNS(ISA)-LUN(ISA)                                                                            

                  LUN(ISA)=I1                                                                                             

              END IF                                                                                                      

              !     READ MANAGEMENT INFORMATION                                                                           

              !  1  IRR  = N0 FOR DRYLAND AREAS          | N = 0 APPLIES MINIMUM OF                                       

              !          = N1 FROM SPRINKLER IRRIGATION  | VOLUME INPUT, ARMX, & FC-SW                                    

              !          = N2 FOR FURROW IRRIGATION      | N = 1 APPLIES INPUT VOLUME                                     

              !          = N3 FOR IRR WITH FERT ADDED    | OR ARMX                                                        

              !          = N4 FOR IRRIGATION FROM LAGOON |                                                                

              !          = N5 FOR DRIP IRR               |                                                                

              !  2  IRI  = N DAY APPLICATION INTERVAL FOR AUTOMATIC IRRIGATION                                            

              !  3  IFA  = MIN FERT APPL INTERVAL(0 FOR USER SPECIFIED)                                               

              !  4  LM   = 0 APPLIES LIME                                                                                 

              !          = 1 DOES NOT APPLY LIME                                                                          

              !  5  IFD  = 0 WITHOUT FURROW DIKES                                                                         

              !            1 WITH FURROW DIKES                                                                            

              !  6  IDR  = 0 NO DRAINAGE                                                                                  

              !          = DEPTH OF DRAINAGE SYSTEM(mm)                                                                   

              !     IDF0 = FERT #                                                                                         

              !  7         1 FOR FERTIGATION FROM LAGOON                                                                  

              !  8         2 FOR AUTOMATIC SOLID MANURE APPL FROM FEEDING AREA STOCK                                      

              !              PILE.                                                                                        

              !  9         3 AUTO COMERCIAL P FERT APPL (DEFAULTS TO ELEM P)                                              

              !  10        4 FOR AUTOMATIC COMERCIAL FERT APPL(DEFALTS TO ELEM N)                                         

              !  11        5 FOR AUTOMATIC SOLID MANURE APPLICATION.                                                      

              !  12        6 AUTO COMERCIAL K FERT APPL (DEFAULTS TO ELEM K)                                              

              !  13 IRRS = ID OF SA SUPPLYING IRRIGATION WATER FROM A RESERVOIR                                           

              !            0 NO RESERVOIR SUPPLY OR NO IRRIGATION

              !  14 IRRW = ID OF SA SUPPLYING IRRIGATION WATER FROM A WELL

              !            0 NO WELL SUPPLY

              !     LINE 8                                                                                                

              READ(KR(5),*)IRR(ISA),IRI(ISA),IFA(ISA),LM(ISA),IFD(ISA),IDR&                                               

              (ISA),(IDF0(I,ISA),I=1,6),IRRS(ISA),IRRW(ISA)                                                                         

              IF(IDR(ISA)>0.AND.HSG>2)HSG=2                                                                               

              ISG(ISA)=HSG                                                                                                

              CALL HSGCN                                                                                                  

              CALL HCNSLP(CN2(ISA),X3)                                                                                    

              SCI(ISA)=MAX(3.,SMX(ISA)*(1.-RZSW(ISA)/PAW(ISA)))                                                           

              IF(KFL(1)>0)THEN                                                                                            

                  SELECT CASE(NVCN(ISA))                                                                                

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN NONLINEAR DEPTH/SW &                                             

                      WEIGHTING'                                                                                          

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN NONLINEAR NO DEPTH/SW &                                          

                      WEIGHTING'                                                                                          

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN LINEAR NO DEPTH/SW &                                             

                      WEIGHTING'                                                                                          

                  CASE(3)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'CONSTANT CN'                                                                 

                  CASE(4)                                                                                                 

                      WRITE(KW(1),'(T10,A)')'VARIABLE CN SOIL MOIST INDEX NO &                                            

                      DEPTH/SW WEIGHTING'                                                                                 

                  END SELECT                                                                                              

                  WRITE(KW(1),3970)ASG(ISG(ISA)),LUN(ISA),CN2(ISA),X3,&                                                   

                  SCNX(ISA),SCRP(35,1),SCRP(35,2),CNSC(1,ISA),CNSC(2,ISA)                                                 

              END IF                                                                                                      

              CN2(ISA)=X3                                                                                                 

              CN0(ISA)=X3                                                                                                 

              IF(KFL(1)>0)THEN                                                                                            

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL PHYSICAL DATA___&                                     

                  _________________'                                                                                      

                  CALL SOLIOP                                                                                             

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________SOIL CHEMICAL DATA___&                                     

                  _________________'                                                                                      

                  CALL SOLIOC                                                                                             

              END IF                                                                                                      

              !  1  BIR  = IRRIGATION TRIGGER--3 OPTIONS                                                                  

              !            1. PLANT WATER STRESS FACTOR (0-1)                                                             

              !            2. SOIL WATER TENSION IN TOP 200 MM(> 1 KPA)                                                   

              !            3. PLANT AVAILABLE WATER DEFICIT IN ROOT ZONE (-mm)                                            

              !  2  EFI  = RUNOFF VOL / VOL IRR WATER APPLIED(0 IF IRR=0)                                             

              !  3  VIMX = MAXIMUM ANNUAL IRRIGATION VOLUME ALLOWED FOR EACH CROP (mm)                                    

              !  4  ARMN = MINIMUM SINGLE APPLICATION VOLUME ALLOWED (mm)                                                 

              !  5  ARMX = MAXIMUM SINGLE APPLICATION VOLUME ALLOWED (mm)                                                 

              !  6  BFT  = AUTO FERTILIZER TRIGGER--2 OPTIONS                                                             

              !            1. PLANT N STRESS FACTOR (0-1)                                                                 

              !            2. SOIL N CONC IN ROOT ZONE (g/t)                                                              

              !  7  FNP4 = AUTO FERT FIXED APPLICATION RATE (kg/ha)                                                       

              !  8  FMX  = MAXIMUM ANNUAL N FERTILIZER APPLICATION FOR A CROP (kg/ha)                                     

              !  9  DRT  = TIME REQUIRED FOR DRAINAGE SYSTEM TO REDUCE PLANT STRESS(d)                                    

              !            (0 IF DRAINAGE NOT USED)                                                                   

              ! 10  FDSF = FURROW DIKE SAFETY FACTOR(0-1.)                                                                

              ! 11  PEC  = CONSERVATION PRACTICE FACTOR(=0.0 ELIMINATES WATER EROSION)                                    

              ! 12  DALG = FRACTION OF SUBAREA CONTROLLED BY LAGOON.                                                      

              ! 13  VLGN = LAGOON VOLUME RATIO--NORMAL / MAXIMUM                                                          

              ! 14  COWW = LAGOON INPUT FROM WASH WATER (m3/hd/d)                                                         

              ! 15  DDLG = TIME TO REDUCE LAGOON STORAGE FROM MAX TO NORM (d)                                             

              ! 16  SOLQ = RATIO LIQUID/TOTAL MANURE PRODUCED.                                                            

              ! 17  SFLG = SAFETY FACTOR FOR LAGOON DESIGN (VLG=VLG0/(1.-SFLG)                                            

              ! 18  FNP2 = FEEDING AREA STOCK PILE AUTO SOLID MANURE APPL RATE (kg/ha)                                    

              ! 19  FNP5 = AUTOMATIC MANURE APPLICATION RATE (kg/ha)                                                      

              ! 20  FIRG = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)                                              

              !     LINE 9/10                                                                                             

              READ(KR(5),*)BIR(ISA),EFI(ISA),VIMX(ISA),ARMN(ISA),ARMX(ISA),&                                              

              BFT(ISA),FNP(4,ISA),FMX,DRT(ISA),FDSF(ISA),PEC(ISA),DALG(ISA),VLGN&                                         

              (ISA),COWW(ISA),DDLG(ISA),SOLQ(ISA),SFLG,FNP(2,ISA),FNP(5,ISA),&                                            

              FIRG(ISA)                                                                                                   

              IF(FIRG(ISA)<1.E-10)THEN                                                                                    

                  IF(FIR0<1.E-10)THEN                                                                                     

                      FIRG(ISA)=1.                                                                                        

                  ELSE                                                                                                    

                      FIRG(ISA)=FIR0                                                                                      

                  END IF                                                                                                  

              END IF                                                                                                      

              NZ=MAX(1,NHRD(IOW))                                                                                         

              !     NY   = 0 FOR NON GRAZING AREA                                                                         

              !          = HERD NUMBERS FOR GRAZING AREA                                                                  

              !     LINE 11                                                                                               

              READ(KR(5),*)(NY(J),J=1,NZ)                                                                                 

              !     XTP  = GRAZING LIMIT FOR EACH HERD--MINIMUM PLANT MATERIAL(t/ha)                                      

              !     LINE 12                                                                                               

              READ(KR(5),*)(XTP(J),J=1,NZ)                                                                                

              DO J=1,NZ                                                                                               

                  J1=NY(J)                                                                                            

                  IF(J1==0)CYCLE                                                                                      

                  NGZ(J1,ISA)=J1                                                                                      

                  GZLM(J1,ISA)=XTP(J)                                                                                 

              END DO                                                                                                  

              IHDM(ISA)=NY(1)                                                                                         

              IF(DRT(ISA)<1.E-5)DRT(ISA)=1.                                                                               

              IF(KFL(1)>0)THEN                                                                                            

                  CALL APAGE(1)                                                                                           

                  WRITE(KW(1),'(//1X,A/)')'____________________MANAGEMENT DATA&                                           

                  ____________________'                                                                                   

                  WRITE(KW(1),'(T10,A,I4)')'OWNER ID=',IOW                                                                

                  IF(II>0)WRITE(KW(1),'(T10,A/T15,A,I3)')'FEEDING AREA','HERD ID=',II                                     

              END IF                                                                                                      

              DO IHD=1,NZ                                                                                                 

                  IF(NGZ(IHD,ISA)>0)EXIT                                                                                  

              END DO                                                                                                      

              IF(KFL(1)>0.AND.IHD<=NZ)THEN                                                                                             

                  WRITE(KW(1),'(T10,A/T15,A)')'GRAZING AREA','GRAZING MODE'                                               

                  SELECT CASE(IHRD)                                                                                     

                  CASE(0)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 0 MANUAL_NO HERD FILE REQUIRED'                                        

                  CASE(1)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 1 HYBRID_HERD FILE REQUIRED'                                           

                  CASE(2)                                                                                                 

                      WRITE(KW(1),'(T15,A)')'LEVEL 2 AUTOMATIC_HERD FILE REQUIRED'                                        

                  END SELECT

                  IF(IHAY>0)THEN    

                      WRITE(KW(1),'(T15,A)')'HAY FEED AS NEEDED'

                  ELSE

                      WRITE(KW(1),'(T15,A)')'NO HAY FEED--GRAZERS REMOVED WHEN AGPM<GZLM'

                  END IF    

              END IF                                                                                                      

              DO IHD=1,NZ                                                                                                 

                  IF(NGZ(IHD,ISA)==0)CYCLE                                                                                

                  IF(GZLM(IHD,ISA)<1.E-5)GZLM(IHD,ISA)=GZL0                                                               

                  X1=24.*FFED(IHD,IOW)                                                                                    

                  IF(KFL(1)>0)WRITE(KW(1),3536)IHD,NCOW(IHD,IOW),X1,GZLM(IHD,ISA)                                         

              END DO                                                                                                      

              IFA(ISA)=MAX(IFA(ISA),1)                                                                                    

              CALL AISPL(IRR(ISA),IAC(ISA))                                                                               

              IF(ARMX(ISA)<1.E-10)ARMX(ISA)=1000.                                                                         

              IF(FMX<1.E-10)FMX=200.                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  IF(IAPL(ISA)<0)WRITE(KW(1),'(T10,A)')'LIQUID MANURE APPL AREA'                                          

                  IF(IAPL(ISA)>0)WRITE(KW(1),'(T10,A)')'SOLID MANURE APPL AREA'                                           

                  IF(FFPQ(ISA)>0)WRITE(KW(1),'(T10,A)')'FILTER STRIP'                                                     

              END IF                                                                                                      

              IF(IRR(ISA)==0)THEN                                                                                         

                  IF(DALG(ISA)>0.)THEN                                                                                    

                      X3=COWW(ISA)*NCOW(IDFH(ISA),IOW)                                                                    

                      RFM0=2.*RFMX                                                                                        

                      X1=RFM0-5.64                                                                                        

                      QLG=X1*X1/(RFM0+22.6)                                                                               

                      DALG(ISA)=DALG(ISA)*WSA(ISA)                                                                        

                      X1=10.*DALG(ISA)                                                                                    

                      QWW=30.*X3/X1                                                                                       

                      VLGM(ISA)=(QLG+QWW)/(1.-VLGN(ISA))                                                                  

                      VLGN(ISA)=VLGN(ISA)*VLGM(ISA)                                                                       

                      VLGM(ISA)=VLGM(ISA)/(1.-SFLG)                                                                       

                      IF(KFL(1)>0)WRITE(KW(1),39)DALG(ISA),VLGN(ISA),VLGM(ISA),DDLG(ISA)&                                 

                      ,COWW(ISA),SFLG                                                                                     

                      COWW(ISA)=X3                                                                                        

                      VLGN(ISA)=X1*VLGN(ISA)                                                                              

                      VLGB(ISA)=VLGN(ISA)                                                                                 

                      VLGM(ISA)=X1*VLGM(ISA)                                                                              

                      VLG(ISA)=VLGN(ISA)                                                                                  

                      CFNP(ISA)=0.                                                                                        

                      WTMU(ISA)=CFNP(ISA)*VLG(ISA)                                                                        

                      WTMB(ISA)=WTMU(ISA)                                                                                 

                      TWMB=TWMB+WTMU(ISA)                                                                                 

                      VLGI(ISA)=(VLGM(ISA)-VLGN(ISA))/(DDLG(ISA)+1.E-5)                                                   

                  ELSE                                                                                                    

                      IF(KFL(1)>0)WRITE(KW(1),'(T10,A)')'DRYLAND AGRICULTURE'                                             

                  END IF                                                                                                  

              ELSE                                                                                                        

                  IF(VIMX(ISA)<1.E-10)VIMX(ISA)=2000.                                                                     

                  IF(KFL(1)>0)THEN                                                                                        

                      IF(BIR(ISA)<0.)THEN                                                                                 

                          WRITE(KW(1),'(T10,A)')'AUTOMATIC IRRIGATION'                                                    

                          WRITE(KW(1),4080)BIR(ISA),IRI(ISA)                                                              

                      ELSE                                                                                                

                          IF(BIR(ISA)>0.)THEN                                                                             

                              WRITE(KW(1),'(T10,A)')'AUTOMATIC IRRIGATION'                                                

                              IF(BIR(ISA)<1.)THEN                                                                         

                                  WRITE(KW(1),3680)BIR(ISA),IRI(ISA)                                                      

                              ELSE                                                                                        

                                  WRITE(KW(1),3630)BIR(ISA),IRI(ISA)                                                      

                              END IF                                                                                      

                          ELSE                                                                                            

                              WRITE(KW(1),'(T10,A)')'USER SPECIFIED IRRIGATION'                                           

                          END IF                                                                                          

                      END IF                                                                                              

                      WRITE(KW(1),3620)VIMX(ISA),ARMN(ISA),ARMX(ISA)                                                      

                      IF(IAC(ISA)==0)THEN                                                                                 

                          WRITE(KW(1),'(T15,A)')'FLEXIBLE APPL VOLUMES'                                                   

                      ELSE                                                                                                

                          WRITE(KW(1),'(T15,A)')'RIGID APPL VOLUMES'                                                      

                      END IF                                                                                              

                      SELECT CASE(IRR(ISA))                                                                               

                      CASE(1)                                                                                             

                          WRITE(KW(1),'(T15,A)')'SPRINKLER IRRIGATION'                                                    

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(2)                                                                                             

                          WRITE(KW(1),'(T15,A)')'FURROW IRRIGATION'                                                       

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(3)                                                                                             

                          WRITE(KW(1),'(T15,A)')'IRRIGATION WITH FERT ADDED'                                              

                          WRITE(KW(1),3140)EFI(ISA)                                                                       

                      CASE(4)                                                                                             

                          WRITE(KW(1),'(T15,A)')'IRRIGATION FROM LAGOON'                                                  

                      CASE(5)                                                                                             

                          WRITE(KW(1),'(T15,A)')'DRIP IRRIGATION'	                                                        

                      END SELECT                                                                                          

                      WRITE(KW(1),'(T15,A,F6.3)')'FRACTION FC TO CALCULATE AUTO IRR VOL =',&                              

                      FIRG(ISA)                                                                                           

                  END IF                                                                                                  

              END IF                                                                                                      

              IF(KFL(1)>0)THEN	                                                                                           

                  IF(BFT(ISA)>0.)THEN                                                                                     

                      WRITE(KW(1),'(T10,A/T15,A,I3,A)')'AUTO SCHEDULED FERT','MIN APPL &                                  

                      INTERVAL = ',IFA(ISA),' d'                                                                          

                      IF(BFT(ISA)>1.)THEN                                                                                 

                          WRITE(KW(1),'(T15,A,F4.0,A)')'SOIL SOL N CONC TRIGGER = ',BFT(ISA)&                             

                          ,' g/t'                                                                                         

                      ELSE                                                                                                

                          WRITE(KW(1),'(T15,A,F5.2)')'PLANT STRESS TRIGGER = ',BFT(ISA)                                   

                      END IF                                                                                              

                      WRITE(KW(1),'(T15,A,F8.1,A)')'FIXED RATE, SURFACE APPLIED = ',FNP&                                  

                      (4,ISA),' kg/ha/APP'                                                                                

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'USER SPECIFIED FERT'                                                         

                  END IF                                                                                                  

                  IF(IDF0(5,ISA)>0.AND.FNP(5,ISA)>0.)WRITE(KW(1),'(T15,A)')'AUTO MANURE APPL'                             

                  WRITE(KW(1),'(T10,A,F8.0,A)')'MAX N FERT/CROP = ',FMX,' kg/ha'                                          

                  IF(IPAT>0)THEN                                                                                          

                      WRITE(KW(1),'(T10,A)')'AUTO P FERT'                                                                 

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'MANUAL P FERT'                                                               

                  END IF                                                                                                  

                  IF(IKAT>0)THEN                                                                                          

                      WRITE(KW(1),'(T10,A)')'AUTO K FERT'                                                                 

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'MANUAL K FERT'                                                               

                  END IF                                                                                                  

              END IF                                                                                                      

              NII(ISA)=IRI(ISA)                                                                                           

              IF(IFD(ISA)>0)THEN                                                                                          

                  IF(FDSF(ISA)<1.E-10)FDSF(ISA)=.9                                                                        

                  IF(KFL(1)>0)WRITE(KW(1),2560)FDSF(ISA)                                                                  

                  FDSF(ISA)=FDSF(ISA)*1000.                                                                               

              END IF                                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  IF(LM(ISA)==0)THEN                                                                                      

                      WRITE(KW(1),'(T10,A)')'LIME APPLIED AS NEEDED'                                                      

                  ELSE                                                                                                    

                      WRITE(KW(1),'(T10,A)')'NO LIME APPLICATIONS'                                                        

                  END IF                                                                                                  

                  WRITE(KW(1),'(T10,A,F10.3)')'USLE P FACTOR = ',PEC(ISA)                                                 

              END IF                                                                                                      

              IF(IDR(ISA)>0)THEN                                                                                          

                  X1=IDR(ISA)                                                                                             

                  X1=.001*IDR(ISA)                                                                                        

                  DO I=1,NBSL(ISA)                                                                                        

                      L=LID(I,ISA)                                                                                        

                      IF(Z(L,ISA)>X1)EXIT                                                                                 

                  END DO                                                                                                  

                  IDR(ISA)=L                                                                                              

                  HCLN(ISA)=HCL(L,ISA)                                                                                    

                  HCL(L,ISA)=MAX(PRMT(83)*SATC(L,ISA),(PO(L,ISA)-S15(L,ISA))/(24.*DRT(ISA)))                              

                  HCLD(ISA)=HCL(L,ISA)                                                                                    

                  IF(KFL(1)>0)WRITE(KW(1),3360)X1,DRT(ISA),HCL(L,ISA)                                                     

              END IF                                                                                                      

              IF(KFL(1)>0.AND.IRRS(ISA)>0)WRITE(KW(1),'(T10,A,I8)')'IRR SUPPLIED FROM RES IN SA',IRRS(ISA)                             

              IF(KFL(1)>0.AND.IRRW(ISA)>0)WRITE(KW(1),'(T10,A,I8)')'IRR SUPPLIED FROM WELL IN SA',IRRW(ISA)                             

              HU(1,ISA)=0.                                                                                                

              IBGN=1                                                                                                      

              JJK=1                                                                                                       

              IPL=0                                                                                                       

              I=1                                                                                                         

              IY1=1                                                                                                       

              IF(KFL(1)>0)WRITE(KW(1),'(/1X,A)')'-----OPERATION SCHEDULE'

              DO !OPSC LOOP

                  NCRP=IGO(ISA)                                                                                         

                  K=1                                                                                                         

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(/T10,A,I2)')'YR',I                                                                            

                      WRITE(KW(1),316)                                                                                            

                  END IF    

                  I1=I-1                                                                                                

                  FNMX(I,ISA)=FMX                                                                                             

                  KI=0                                                                                                        

                  KF=0                                                                                                        

                  KP=0                                                                                                        

                  HU0=0.                                                                                                      

                  IF(JDHU<366)HU(JJK,ISA)=0.                                                                                  

                  IF(IGO(ISA)>0)THEN                                                                                          

                      DO J=1,MNC                                                                                              

                          IF(NHU(J,ISA)==0)CYCLE                                                                              

                          LY(I,K,ISA)=NHU(J,ISA)                                                                              

                          K=K+1                                                                                               

                      END DO                                                                                                  

                  END IF                                                                                                      

                  J=0                                                                                                         

                  DO                                                                                                          

                      J=J+1                                                                                                   

                      ! READ OPERATION SCHEDULE                                                                               

                      !  1  JX(1)= YR OF OPERATION                                                                            

                      !  2  JX(2)= MO OF OPERATION                                                                            

                      !  3  JX(3)= DAY OF OPERATION                                                                           

                      !  4  JX(4)= EQUIPMENT ID NO                                                                            

                      !  5  JX(5)= TRACTOR ID NO                                                                              

                      !  6  JX(6)= CROP ID NO                                                                                 

                      !  7  JX(7)= XMTU--TIME FROM PLANTING TO MATURITY (Y)(FOR TREE                                          

                      !            CROPS AT PLANTING ONLY).                                                                   

                      !          = LYR--TIME FROM PLANTING TO HARVEST (Y)(HARVEST ONLY)                                       

                      !          = PESTICIDE ID NO (FOR PESTICIDE APPLICATION ONLY)                                           

                      !          = FERTILIZER ID NO (FOR FERTILIZER APPLICATION ONLY)                                         

                      !  8  OPV1 = POTENTIAL HEAT UNITS FOR PLANTING (0 IF UNKNOWN)                                       

                      !          = APPLICATION VOLUME (mm)FOR IRRIGATION                                                      

                      !          = FERTILIZER APPLICATION RATE (kg/ha) = 0 FOR VARIABLE RATE                                  

                      !          = PESTICIDE APPLICATION RATE (kg/ha)                                                         

                      !          = STOCKING RATE FOR GRAZE (ha/hd)                                                            

                      !  9  OPV2 = 2 CONDITION SCS RUNOFF CURVE NUMBER (OPTIONAL)                                             

                      !          = PEST CONTROL FACTOR FOR PEST APPLICATION (FRACTION OF PESTS                                

                      !            CONTROLLED)                                                                                

                      ! 10  OPV3 = PLANT WATER STRESS FACTOR(0-1); SOIL WATER TENSION(>1KPA);                                 

                      !            OR PLANT AVAILABLE WATER DEFICIT IN ROOT ZONE(-MM)TO                                       

                      !            TRIGGER AUTO IRR. (0. OR BLANK DOES NOT CHANGE TRIGGER)                                    

                      ! 11  OPV4 = RUNOFF VOL/VOL IRRIGATION WATER APPLIED                                                    

                      ! 12  OPV5 = PLANT POPULATION (PLANTS/M**2 OR PLANTS/ha IF P/m2<1.)                                     

                      !            (FOR PLANTING ONLY)                                                                        

                      !          = FACTOR TO ADJUST AUTO IRRIGATION VOLUME (FIRG*FC)                                          

                      ! 13  OPV6 = MAX ANNUAL N FERTILIZER APPLIED TO A CROP (0. OR BLANK                                     

                      !            DOES NOT CHANGE FMX; > 0 SETS NEW FMX)(FOR PLANTING ONLY)                                  

                      ! 14  OPV7 = TIME OF OPERATION AS FRACTION OF GROWING SEASON (ENTER                                     

                      !            EARLIEST POSSIBLE MO & DAY -- JX(2) & JX(3))                                               

                      !     LINE 3/L                                                                                          

                      IF(I==1.OR.J>1)READ(KR(16),2470,IOSTAT=NFL)JX,(OPV(L),L=1,7)                                            

                      IF(NFL/=0)EXIT                                                                                          

                      IF(JX(1)/=IY1)EXIT                                                                                      

                      CALL TILTBL                                                                                             

                      LT(I,J,ISA)=NDT                                                                                         

                      JH(I,J,ISA)=JX(6)                                                                                       

                      IJ=LT(I,J,ISA)                                                                                          

                      CALL ADAJ(NC,ITL(I,J,ISA),JX(2),JX(3),NYD)                                                              

                      X4=TLD(IJ)*1000.                                                                                        

                      I3=IHC(IJ)                                                                                              

                      IF(IBGN<ITL(I,J,ISA))THEN

                          IF(IGO(ISA)>0)HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,ITL(I,J,ISA),&                                    

                          BASE,0)/(PHU(JJK,IHU(JJK,ISA),ISA)+1.)                                                                  

                          HU0=HU0+CAHU(IBGN,ITL(I,J,ISA),0.,1)/AHSM                                                               

                          IBGN=ITL(I,J,ISA)                                                                                       

                      ELSE

                          IF(IBGN/=ITL(I,J,ISA))THEN                                                                        

                              IF(IGO(ISA)>0)THEN

                                  HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,365,BASE,0)/&                                           

                                  (PHU(JJK,IHU(JJK,ISA),ISA)+1.)                                                                          

                                  IBGN=1                                                                                                  

                                  HU(JJK,ISA)=HU(JJK,ISA)+CAHU(IBGN,ITL(I,J,ISA),&

                                  BASE,0)/(PHU(JJK,IHU(JJK,ISA),ISA)+1.)

                                  HU0=HU0+CAHU(IBGN,ITL(I,J,ISA),0.,1)/AHSM

                                  IBGN=ITL(I,J,ISA)

                              END IF

                          END IF

                      END IF    

                      IF(OPV(7)>0..OR.IHUS==0)THEN                                                                

                          HUSC(I,J,ISA)=OPV(7)                                                                              

                      ELSE                       

                          IF(IGO(ISA)==0)THEN 

                              HUSC(I,J,ISA)=HU0                                                                                 

                          ELSE                            

                              IF(IDC(JJK)==NDC(1).OR.IDC(JJK)==NDC(2).OR.&

                              IDC(JJK)==NDC(4).OR.IDC(JJK)==NDC(5).OR.&

                              IDC(JJK)==NDC(9))HUSC(I,J,ISA)=HU(JJK,ISA)                                                                         

                          END IF

                      END IF

                      CALL INIFP(I3,I,J,JRT)                                                                            

                      ! PRINTOUT OPERATION SCHEDULE                                                                       

                      IF(KFL(1)>0)WRITE(KW(1),317)I,JX(2),JX(3),TIL(IJ),I3,COTL(IJ),&                                         

                      EMX(IJ),RR(IJ),X4,FRCP(IJ),RHT(IJ),RIN(IJ),DKH(IJ),DKI(IJ),HE&                                          

                      (IJ),ORHI(IJ),CN2(ISA),BIR(ISA),EFI(ISA),HUSC(I,J,ISA)                                                  

                      IF(TLD(IJ)>BIG(ISA))BIG(ISA)=TLD(IJ)                                                                    

                      IF(I3==NHC(5).OR.I3==NHC(6))THEN                                                                        

                          IF(OPV(3)>0)SLAI(JJK,ISA)=OPV(3) !Initial LAI at planting Jaehak paddy modeling 2023

                          NCRP=NCRP+1                                                                                         

                          IGO(ISA)=IGO(ISA)+1                                                                                 

                          X3=OPV(5)                                                                                           

                          CALL CPTBL                                                                                          

                          IF(OPV(6)>0.)FMX=OPV(6)                                                                             

                          FNMX(I,ISA)=FMX                                                                                     

                          BASE=TBSC(JJK)                                                                                      

                          IPL=ITL(I,J,ISA)+365*I1                                                                             

                          LY(I,K,ISA)=JJK                                                                                     

                          NHU(JJK,ISA)=JJK                                                                                    

                          K=K+1                                                                                               

                          IF(KFL(1)>0)WRITE(KW(1),2480)CPNM(JJK)                                                              

                          CYCLE                                                                                               

                      END IF                                                                                                  

                      IF(I3/=NHC(1).AND.I3/=NHC(2).AND.I3/=NHC(3))CYCLE                                                       

                      IF(KDC1(JX(6))==0)CYCLE                                                                                 

                      JJK=KDC1(JX(6))                                                                                         

                      IF(I3==NHC(1))THEN                                                                                      

                          IHV=ITL(I,J,ISA)+365*I1                                                                             

                          NHU(JJK,ISA)=0                                                                                      

                          IGO(ISA)=MAX(0,IGO(ISA)-1)                                                                          

                      END IF                                                                                                  

                      HU(JJK,ISA)=0.                                                                                          

                      IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))LYR&                                       

                      (I,J,ISA)=MAX(1,JX(7))                                                                                  

                      IF(KFL(1)>0)WRITE(KW(1),2480)CPNM(JJK)                                                                  

                  END DO                                                                                                      

                  ITL(I,J,ISA)=367                                                                                            

                  HUSC(I,J,ISA)=10.                                                                                           

                  NCP(I,ISA)=MAX(NCRP,1)

                  NTP=0

                  N2=0

                  DO J3=1,NCP(I,ISA)

                      J4=LY(I,J3,ISA)

                      IF(J4==0)CYCLE

                      IF(NTP(J4)>0)N2=N2+1      

                      NTP(J4)=1

                  END DO

                  NCP(I,ISA)=NCP(I,ISA)-N2

                  NTL(I,ISA)=J-1                                                                                              

                  NPST(I,ISA)=KP                                                                                              

                  NFRT(I,ISA)=KF                                                                                              

                  LT(I,J,ISA)=1                                                                                               

                  JH(I,J,ISA)=0                                                                                               

                  CND(I,J,ISA)=CN2(ISA)                                                                                       

                  QIR(I,J,ISA )=EFI(ISA)                                                                                      

                  TIR(I,J,ISA)=BIR(ISA)                                                                                       

                  FIRX(I,J,ISA)=FIRG(ISA)                                                                                     

                  RSTK(I,J,ISA)=RST0(ISA)                                                                                     

                  IF(KFL(1)>0)THEN                                                                                            

                      IF(KI>0)THEN                                                                                            

                          WRITE(KW(1),2590)                                                                                   

                          DO L=1,KI                                                                                           

                              N1=KIR(L)                                                                                       

                              ! PRINTOUT IRRIGATION SCHEDULE                                                              

                              WRITE(KW(1),2420)I,NIR(L),IIR(L),VIRR(I,N1,ISA),HUSC(I,N1,ISA)                                  

                          END DO                                                                                              

                      END IF                                                                                                  

                      IF(KF>0)THEN                                                                                            

                          WRITE(KW(1),328)                                                                                    

                          MO=1                                                                                                

                          JJ=367                                                                                              

                          KK=0                                                                                                

                          DO L=1,NTL(I,ISA)                                                                                   

                              J2=LT(I,L,ISA)                                                                                  

                              IF(IHC(J2)/=NHC(9))CYCLE                                                                        

                              X1=MAX(0.,COTL(J2))                                                                             

                              JDA=ITL(I,L,ISA)                                                                                

                              IF(NYD==0)JDA=JDA+1                                                                             

                              IF(JDA==JJ.AND.NBT(J2)==0.AND.NBE(J2)==KK)X1=0.                                                 

                              JJ=JDA                                                                                          

                              KK=NBE(J2)                                                                                      

                              CALL AXMON                                                                                      

                              CALL AICL                                                                                       

                              M=LFT(I,L,ISA)                                                                                  

                              XZ=FCST(M)*WFA(I,L,ISA)                                                                         

                              XY=X1+XZ                                                                                        

                              X4=TLD(J2)*1000.                                                                                

                              ! PRINTOUT FERTILIZER SCHEDULE                                                              

                              WRITE(KW(1),329)I,MO,KDA,FTNM(M),KDF(M),NBE(J2),NBT(J2),XY,WFA&                                 

                              (I,L,ISA),X4,FN(M),FNMA(M),FNO(M),FP(M),FPO(M),HUSC(I,L,ISA)                                    

                          END DO                                                                                              

                      END IF                                                                                                  

                      IF(KP>0)THEN                                                                                            

                          IF(MASP==1)THEN                                                                                     

                              AUNT='(g/ha)'                                                                                   

                          ELSE                                                                                                

                              AUNT='(kg/ha)'                                                                                  

                          END IF                                                                                              

                          WRITE(KW(1),3850)AUNT                                                                               

                          DO L=1,KP                                                                                           

                              N1=NPC(L)                                                                                       

                              M=LPC(I,L,ISA)                                                                                  

                              ! PRINTOUT PESTICIDE SCHEDULE                                                               

                              WRITE(KW(1),3860)I,KPC(L),JPC(L),PSTN(M),PSTR(I,L,ISA),PSTE&                                    

                              (I,L,ISA),PCST(M),HUSC(I,N1,ISA)                                                                

                          END DO                                                                                              

                      END IF                                                                                                  

                  END IF                                                                                                      

                  IF(NFL==0.AND.JX(1)>0)THEN                                                                                  

                      I=JX(1)                                                                                                 

                      IY1=I                                                                                                   

                  ELSE

                      EXIT

                  END IF    

              END DO !OPSC LOOP                                                                                                      

              NRO(ISA)=IY1                                                                                                

              JX(4)=IAUI(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAUI(ISA)=NDT                                                                                               

              IF(KFL(1)>0)WRITE(KW(1),677)TIL(NDT),TLD(NDT)                                                               

              JX(4)=IAUF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              IAUF(ISA)=NDT                                                                                               

              JX(4)=IAMF(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAMF(ISA)=NDT                                                                                               

              JX(4)=ISPF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              ISPF(ISA)=NDT                                                                                               

              JX(4)=ILQF(ISA)                                                                                             

              JX(5)=12                                                                                                    

              CALL TILTBL                                                                                                 

              ILQF(ISA)=NDT                                                                                               

              JX(4)=IAUL(ISA)                                                                                             

              JX(5)=0                                                                                                     

              CALL TILTBL                                                                                                 

              IAUL(ISA)=NDT                                                                                               

              K=1                                                                                                         

              IF(IDF0(1,ISA)==0)IDF0(1,ISA)=10    ! Modified from 69 for consistency with FERTCOM.DAT - Luca Doro 2023-04                       

              IF(IDF0(2,ISA)==0)IDF0(2,ISA)=1     ! Modified from 69

              IF(IDF0(3,ISA)==0)IDF0(3,ISA)=54    ! Modified from 53

              IF(IDF0(4,ISA)==0)IDF0(4,ISA)=53    ! Modified from 52

              IF(IDF0(5,ISA)==0.AND.FNP(5,ISA)>0.)IDF0(5,ISA)=1    ! Modified from 69

              IF(IDF0(6,ISA)==0)IDF0(6,ISA)=55    ! Modified from 54

              DO K2=1,6                                                                                                   

                  IF(IDF0(K2,ISA)>0)THEN                                                                                  

                      JX(7)=IDF0(K2,ISA)                                                                                  

                      CALL NFTBL(K)                                                                                       

                      IDF0(K2,ISA)=K                                                                                      

                  END IF                                                                                                  

              END DO                                                                                                      

              IF(KFL(1)>0)THEN                                                                                            

                  WRITE(KW(1),716)TIL(IAUF(ISA)),TLD(IAUF(ISA)),FTNM(IDF0(4,ISA))                                         

                  WRITE(KW(1),689)TIL(IAMF(ISA)),TLD(IAMF(ISA)),FTNM(IDF0(2,ISA))                                         

                  WRITE(KW(1),690)TIL(ISPF(ISA)),TLD(ISPF(ISA)),FTNM(IDF0(2,ISA))                                         

                  WRITE(KW(1),691)TIL(ILQF(ISA)),TLD(ILQF(ISA)),FTNM(IDF0(1,ISA))                                         

              END IF                                                                                                      

              DO I=1,NRO(ISA)                                                                                             

                  I1=I-1                                                                                                  

                  IF(I1==0)I1=NRO(ISA)                                                                                    

                  ANA(I,ISA)=0.                                                                                           

                  IF(LY(I,1,ISA)>0)CYCLE                                                                                  

                  IF(LY(I1,NCP(I1,ISA),ISA)>0)THEN                                                                        

                      LY(I,1,ISA)=LY(I1,NCP(I1,ISA),ISA)                                                                  

                  ELSE                                                                                                    

                      I2=I1-1                                                                                             

                      LY(I,1,ISA)=LY(I2,NCP(I2,ISA),ISA)                                                                  

                  END IF                                                                                                  

              END DO                                                                                                      

              IF(IGO(ISA)>0)THEN                                                                                          

                  DO J=1,LC                                                                                               

                      IF(NHU(J,ISA)==0)CYCLE                                                                              

                      DO I=1,NCP(1,ISA)                                                                                   

                          IF(LY(1,I,ISA)==J)EXIT                                                                          

                      END DO                                                                                              

                      IF(I<=NCP(1,ISA))CYCLE                                                                              

                      NCP(1,ISA)=NCP(1,ISA)+1                                                                             

                      L=NCP(1,ISA)                                                                                        

                      L1=1000                                                                                             

                      DO WHILE(L1>1)                                                                                      

                          L1=L-1                                                                                          

                          LY(1,L,ISA)=LY(1,L1,ISA)                                                                        

                          L=L1                                                                                            

                      END DO                                                                                              

                      LY(1,1,ISA)=NHU(J,ISA)                                                                              

                  END DO                                                                                                  

              END IF                                                                                                      

              I=NRO(ISA)                                                                                                  

              JD(ISA)=MAX(1,LY(I,NCP(I,ISA),ISA))                                                                         

              IF(RZ(ISA)>XX)RZ(ISA)=XX                                                                                    

              IF(BIG(ISA)>XX)BIG(ISA)=XX                                                                                  

              TNOR(ISA)=0.                                                                                                

              STDN(JD(ISA),ISA)=8.29*STDO(ISA)                                                                            

              STDL(JD(ISA),ISA)=.1*STDO(ISA)                                                                              

              BTN(ISA)=WSA(ISA)*(ZNO3(ISA)+ZON(ISA)+STDN(JD(ISA),ISA))                                                               

              BTNX(ISA)=BTN(ISA)/WSA(ISA)    ! /WSA(ISA) added to correct unit of BTN first year in AWP - Luca Doro 2023-04

              BTNZ(ISA)=BTN(ISA)                                                                                          

              TBTN=TBTN+BTN(ISA)                                                                                 

              STDP(JD(ISA),ISA)=1.04*STDO(ISA)                                                                            

              BTP(ISA)=WSA(ISA)*(ZPML(ISA)+ZPMA(ISA)+ZPMS(ISA)+ZPO(ISA)+&

              ZFOP(ISA)+STDP(JD(ISA),ISA))                                                                                               

              BTPX(ISA)=BTP(ISA)/WSA(ISA)    ! /WSA(ISA) added to correct unit of BTN first year in AWP - Luca Doro 2023-04

              BTPZ(ISA)=BTP(ISA)                                                                                          

              STDK(JD(ISA),ISA)=8.29*STDO(ISA)                                                                            

              BTK(ISA)=ZSK(ISA)+ZEK(ISA)+ZFK(ISA)+STDK(JD(ISA),ISA)                                                       

              KK=NTL(1,ISA)                                                                                               

              KP1(ISA)=1                                                                                                  

              DO KT2=1,KK                                                                                                 

                  IF(ITL(1,KT2,ISA)>=IBD)EXIT

                  II=IHC(LT(1,KT2,ISA))                                                                                   

                  IF(II==NHC(7))KP1(ISA)=KP1(ISA)+1                                                                       

              END DO

              IF(KT2>KK)KT2=KK

              KT(ISA)=KT2                                                                                           

              JT2=LT(1,KT(ISA),ISA)                                                                                       

              UB1(ISA)=RZ(ISA)*5.                                                                                         

              UOB(ISA)=1.-EXP(-UB1(ISA))                                                                                  

              IGO(ISA)=0                                                                                                  

              JJK=LY(1,1,ISA)                                                                                             

              AWC(JJK,ISA)=0.                                                                                             

              IRO(ISA)=0                                                                                                  

              JP(JJK,ISA)=0                                                                                               

              KC(ISA)=0                                                                                                   

              MO=MO1                                                                                                      

              CLOSE(KR(16))                                                                                               

              DO K=1,6                                                                                                    

                  IDFT(K,ISA)=IDF0(K,ISA)                                                                                 

              END DO                                                                                                         

          END DO   ! SUBAREA LOOP

          !Initialize parameters for Richards' percolation method Jaehak 2017

          IF(IPRK==2) CALL HPERC2(1)

          

          XSL=333.6*(XCU-XCS)*COS1

          YSL=333.6*(YCU-YCS)

          XCS=111.2*(2.*XCS-XCU)*COS1

          YCS=111.2*(2.*YCS-YCU)

          SEV=0.

          !DO I=1,NWTH

              !L=I+KND

	          !CALL WREAD(L,2)

	      !END DO

  	      IF(NGN<0.OR.INFL==4)IRF=1

          TWMB=.001*TWMB

          DO IOW=1,NBON

              OSAA(IOW)=0.

              NSAS(IOW)=0

              NSAL(IOW)=0

              OWSA(IOW)=0.

              DO ISA=1,MSA

                  IF(IDON(ISA)/=IOW)CYCLE

                  IF(IAPL(ISA)==0)CYCLE

                  OWSA(IOW)=OWSA(IOW)+WSA(ISA)

                  IF(IAPL(ISA)<0)THEN

                      I1=-1

                      NSAL(IOW)=NSAL(IOW)+1

                      IDSL(NSAL(IOW),IOW)=ISA

                  ELSE

                      OSAA(IOW)=OSAA(IOW)+WSA(ISA)

                      NSAS(IOW)=NSAS(IOW)+1

                      IDSS(NSAS(IOW),IOW)=ISA      

                      I1=1

                  END IF

                  IF(NFED(IOW)==0)CYCLE

                  DO J=1,NFED(IOW)

                      IF(IDFD(J,IOW)==I1*IAPL(ISA))EXIT

                  END DO

                  IAPL(ISA)=I1*IDFA(J,IOW)

              END DO

              ISAS(IOW)=IDSS(1,IOW)

          END DO

          NY=0

          DO IOW=1,NBON

              NGIX(1,1,IOW)=1

              IF(NHRD(IOW)==0)CYCLE

              DO IHD=1,NHRD(IOW)

                  JX(7)=IDMU(IHD,IOW)

                  CALL NFTBL(K)

                  IDMU(IHD,IOW)=K

                  IGZO(IHD,IOW)=0

                  DO ISA=1,MSA

                      IF(IDON(ISA)/=IOW)CYCLE

                      IF(IFED(IHD,IOW)==ISA)THEN

                          GCOW(IHD,ISA)=NCOW(IHD,IOW)*FFED(IHD,IOW)

                      ELSE

                          IF(NGZ(IHD,ISA)==0)CYCLE

                          GCOW(IHD,ISA)=NCOW(IHD,IOW)*(1.-FFED(IHD,IOW))

                          IGZO(IHD,IOW)=IGZO(IHD,IOW)+1

                          NGIX(IGZO(IHD,IOW),IHD,IOW)=ISA

                          IGZ(ISA)=0

                      END IF

                  END DO

                  ISA=MSA

                  NGZA(IHD,IOW)=IGZO(IHD,IOW)

                  I2=NGZA(IHD,IOW)

                  IF(I2==0)CYCLE

                  IGZX(IHD,IOW)=NGIX(I2,IHD,IOW)

                  IF(IHD>1)THEN

                      DO J=1,IHD

                          J1=IGZO(IHD,IOW)

                          DO WHILE(IGZX(IHD,IOW)==NY(J))

                              J1=J1-1      

                              IGZX(IHD,IOW)=NGIX(J1,IHD,IOW)

                          END DO

                          IGZO(IHD,IOW)=J1

                      END DO

                  END IF

                  NY(IHD)=IGZX(IHD,IOW)

              END DO

              IHD=NHRD(IOW)

          END DO

          IF(NDP>0)THEN

	          IF(KFL(1)/=0)THEN

                  WRITE(KW(1),'(//1X,A/)')'____________________PESTICIDE &

                  DATA____________________'

                  WRITE(KW(1),3900)

              END IF

              DO I=1,NDP

                  ! PRINTOUT PESTICIDE DATA

                  IF(KFL(1)>0)WRITE(KW(1),3880)PSTN(I),PSOL(I),PHLS(I),PHLF(I)&

                  ,PWOF(I),PKOC(I),PCST(I)

                  PSOL(I)=PSOL(I)*10.

                  PHLS(I)=1.-EXP(-.693/PHLS(I))

                  PHLF(I)=1.-EXP(-.693/PHLF(I))

              END DO

          END IF

          CALL CRPIO

          DO I=2,MSO-1

              IF(KFL(I)==0.OR.(I>33.AND.I<37.OR.I==49))CYCLE

              WRITE(KW(I),3381)IYER,IMON,IDAY,IT1,IT2,IT3

              WRITE(KW(I),'(T10,A,I4)')'RUN # ',IRUN

              WRITE(KW(I),'(10X,20A4)')TITLE

              WRITE(KW(I),5031)SITEFILE

              WRITE(KW(I),5031)SAFILE

          END DO

          IF(KFL(45)>0)THEN

              WRITE(KW(45),'(3A6,30A10)') 'YEAR','DAY','SUB','PRECIP',&

              'IRR','PKRZ','ET','Q','LAI','SEDYLD','QN','QP','PAD_QVOL',&

              'PAD_SED','PAD_MinN','PAD_MinP'

              WRITE(KW(45),'(3A6,30A10)') ' ',' ',' ','(mm)','(mm)',&

              '(mm)','(mm)','(mm)',' ','(t/ha)','(kg/ha)','(kg/ha)',&

              '(mm)','(t/ha)','(kg/ha)','(kg/ha)'

          END IF    

          CALL ASORTI(NBSA,IBSA,MSA)

          NPSO=1

          L=2

          MXW=1

          LND=KND+NWTH

          DO ISA=1,MSA

              IF(IPTS(ISA)>0)THEN

              ! DAILY POINT SOURCE FILE NAME      

                  JJ=-1

                  DO WHILE(JJ/=IPTS(ISA))

                      READ(KR(27),*,IOSTAT=NFL)JJ,FPSO(JJ)

                      IF(NFL/=0)THEN

                          WRITE(*,*)'POINT SOURCE NO = ',IPTS(ISA),' NOT IN PT SO &

                          LIST FILE     SAID = ',NBSA(ISA)

	                      STOP

	                  END IF

	              END DO

	              REWIND KR(27)

                  IF(NPSO>1)THEN

                      DO L=1,MXW

                          IF(NBW(L)==IPTS(ISA))EXIT

                      END DO

                  END IF

                  IF(L>MXW)THEN

                      MXW=NPSO

                      L=MXW+LND

                      NBW(MXW)=IPTS(ISA)

                      IPSO(ISA)=NPSO

	                  NPSO=NPSO+1

	                  CALL OPENV(KR(L),FPSO(JJ),IDIR)

	                  DO J=1,6

			              READ(KR(L),'()')

		              END DO

	                  CALL WREAD(L,3)

	              ELSE

	                  IPSO(ISA)=L  

	              END IF

              END IF	

              LRG=0

        !     IF(KFL(21)>0)CALL SOCIOA(1)

              IF(KFL(22)>0)CALL SOCIOD(1)

              DO J=1,LC

                  STD(J,ISA)=0.

                  NHU(J,ISA)=IHU(J,ISA)

                  IF(NHU(J,ISA)>LRG)LRG=NHU(J,ISA)

                  IF(RDMX(J)>RZ(ISA))RZ(ISA)=RDMX(J)

                  IHU(J,ISA)=1

                  UNA(J,ISA)=625.*BN(3,J)*WA(J)

              END DO

              YLTI=YCT(ISA)/CLT

              SINI=SIN(YLTI)

              COSI=COS(YLTI)

              DO J=ISA+1,MSA

                  RY=YCT(J)/CLT

                  XX=SINI*SIN(RY)+COSI*COS(RY)*COS((XCT(J)-XCT(ISA))/CLT)

                  XX=MIN(1.,XX)

                  SADST(ISA,J)=6378.8*ACOS(XX)

                  !SADST(ISA,J)=ATRI(.25,.5,1.,9)

                  SADST(J,ISA)=SADST(ISA,J)

              END DO

          END DO    

          NPSO=NPSO-1

          SMMC=0.

          IF(KFL(1)>0)THEN

              WRITE(KW(1),2122)'POP',(POPX(J),J=1,LC)

              WRITE(KW(1),2122)'MXLA',(PLAX(J),J=1,LC)

              WRITE(KW(1),2123)'PHU',(PHUX(J),J=1,LC)

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'________________SUBAREA HYDROLOGIC DATA__&

              _______________________'

              WRITE(KW(1),2111)

              SMWD=0.

              DO ISA=1,MSA

                  AWTH=' '

                  IF(NGN>0)THEN

                      AWTH=FWTH(IRF(ISA))

                      SMWD(IRF(ISA))=SMWD(IRF(ISA))+WSA(ISA)

                  END IF

                  IF(ISLF==0)THEN

	                  X1=RLF(ISA)*RSF(ISA)

	              ELSE

	                  X1=SLF(ISA)

	              END IF

                  WRITE(KW(1),3121)ISA,NBSA(ISA),ACET(1,ISA),XCT(ISA),&

                  YCT(ISA),(ACET(I,ISA),I=2,8),X1,TC(ISA),RFPK(ISA),&

                  GWST(ISA),GWMX(ISA),RFTT(ISA),SNO(ISA),STDO(ISA),&

                  URBF(ISA),BCOF(ISA),BFFL(ISA),CN2(ISA),TITSO(ISA),&

                  TITOP(ISA),NVCN(ISA),SATK(ISA),AWTH

	          END DO

	          WRITE(KW(1),'(T5,A,3E20.10)')'SUM WSA = ',TOT,SUMA,RWSA(MSA)

	          IF(NGN>0)THEN

                  DO I=1,NWTH

                      SMWD(I)=SMWD(I)/TOT

                      WRITE(KW(1),2124)FWTH(I),SMWD(I)

                  END DO

              END IF

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'___________________ROUTING REACH DATA____&

              _______________________'

              WRITE(KW(1),2126)

              DO ISA=1,MSA

                  ! PRINTOUT REACH DATA

                  IF(ABS(ACET(2,ISA)-RCHL(ISA))>1.E-5)WRITE(KW(1),3122)ISA,NBSA&

                  (ISA),WSA(ISA),RWSA(ISA),RCHL(ISA),RCHD(ISA),RCHS(ISA),RCBW(ISA)&

                  ,RCTW(ISA),RCHN(ISA),RCHC(ISA),RCHK(ISA),RFPW(ISA),RFPL(ISA),&

                  RFPS(ISA)

                  RCHK(ISA)=RCHK(ISA)*RCHC(ISA)

              END DO

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'___________________RESERVOIR DATA________&

              ___________________'

              WRITE(KW(1),2128)

          END IF    

	      SRYB=0.

	      SRVA=0.

	      SPDA=0.

          BSWB=0.

          BSNOB=0.

          BRSVB=0.

          BGWSB=0.

          BSWLB=0.

	      JDA=IBD-1

          IF(JDA<=0)JDA=365

          DO ISA=1,MSA !INITIAL WATER CONTENT LOOP

              X1=RWSA(ISA)

              IF(IEXT(ISA)>0)X1=WSA(ISA)

              RFTT(ISA)=1.-EXP(-1./RFTT(ISA))

              IF(ISA==KSA)THEN

                  GWE0(ISA)=ELMN-50.

                  GWEL(ISA)=GWE0(ISA)

              ELSE    

                  GWE0(ISA)=ELMN-50.+GWSP*SADST(ISA,KSA)

                  GWEL(ISA)=GWE0(ISA)

              END IF    

              WSAX1=10.*WSA(ISA)

              GWST(ISA)=GWST(ISA)*WSAX1

              GWMX(ISA)=GWMX(ISA)*WSAX1

              BSW(ISA)=WSAX1*SW(ISA)

              BSWB=BSWB+BSW(ISA)

              BSNO(ISA)=WSAX1*SNO(ISA)

              BSNOB=BSNOB+BSNO(ISA)

              BGWS(ISA)=GWST(ISA)

              BGWSB=BGWSB+BGWS(ISA)

              SAET=0.

              CALL WHLRMX(JDA)

              HR0(ISA)=HRLT

              SALA(ISA)=WSA(ISA)

              IF(RSAE(ISA)>0.)THEN

                  IF(PCOF(ISA)>0..AND.PCOF(ISA)<1.)THEN

                      X1=WSA(ISA)*PCOF(ISA)

	                  SPDA=SPDA+X1

	              ELSE

                      SRVA=SRVA+X1

	              END IF

                  ! PRINTOUT RESERVOIR DATA

                  IF(KFL(1)>0)WRITE(KW(1),3123)ISA,NBSA(ISA),RWSA(ISA),RSAE(ISA),RVE0(ISA),RSAP&

                  (ISA),RVP0(ISA),RSRR(ISA),RSV(ISA),RSYS(ISA),RSYN(ISA),RSHC(ISA),&

                  RSDP(ISA)

                  A10=10.*X1

                  ! SET INITIAL RESERVOIR PARAMETERS

                  RSYS(ISA)=RSYS(ISA)*1.E-6

                  RSYN(ISA)=RSYN(ISA)*1.E-6

	              RVE0(ISA)=RVE0(ISA)*A10

                  RVP0(ISA)=RVP0(ISA)*A10

	              RSVP(ISA)=RVP0(ISA)

	              RSVE(ISA)=RVE0(ISA)

                  RSV(ISA)=RSV(ISA)*A10

                  RSVB(ISA)=RSV(ISA)

            !     SWST(LID(1,ISA),ISA)=SWST(LID(1,ISA),ISA)+.1*RSV(ISA)/WSA(ISA)

                  RSRR(ISA)=(RSVE(ISA)-RSVP(ISA))/RSRR(ISA)

                  RSDP(ISA)=EXP(-4.605/RSDP(ISA))

                  RSO3(ISA)=0.

                  RSSP(ISA)=.0001*RSV(ISA)

                  X1=LOG10(RSAE(ISA))-LOG10(RSAP(ISA))

	              X2=LOG10(RSVE(ISA))-LOG10(RSVP(ISA))

                  !BV2(ISA)=X2/X1 

                  !BV1(ISA)=RSVE(ISA)/RSAE(ISA)**BV2(ISA)

	              !BA2(ISA)=(LOG10(RSEE(ISA))-LOG10(RSEP(ISA)))/X1

                  !BA1(ISA)=RSEE(ISA)/RSAE(ISA)**BA2(ISA)

                  BR2(ISA)=X1/X2

                  BR1(ISA)=RSAE(ISA)/RSVE(ISA)**BR2(ISA)

                  RSSA(ISA)=BR1(ISA)*RSV(ISA)**BR2(ISA)

                  SALA(ISA)=WSA(ISA)-RSSA(ISA)

                  X1=WSAX1*BSW(ISA)

	              IF(KFL(13)>0)WRITE(KW(13),4094)ISA,X1

                  RSYS(ISA)=RSYS(ISA)*RSV(ISA)

                  SRYB=SRYB+RSYS(ISA)

                  RSON(ISA)=1.5*RSYS(ISA)

                  RSOP(ISA)=RSYS(ISA)

	              RSOC(ISA)=15.*RSYS(ISA)

                  RSYB(ISA)=RSYS(ISA)

              ELSE

                  RSV(ISA)=0.

              END IF    

              BRSV(ISA)=RSV(ISA)

              BRSVB=BRSVB+RSV(ISA)

              BSALA(ISA)=SALA(ISA)

          END DO  !INITIAL WATER CONTENT LOOP

          SRYX=SRYB

          RTO=SRVA/RWSA(MSA)

	      IF(KFL(1)>0)WRITE(KW(1),'(/T10,A,F8.4)')'FRACTION OF WATERSHED CONTROLLED BY &

	      RESERVOIRS = ',RTO

	      NCMD=K1-1

	      RWSA(NCMD)=SUMA 

          IF(KFL(1)>0)THEN

              CALL APAGE(0)

              WRITE(KW(1),'(//1X,A/)')'____________________ROUTING SCHEME&

              ______________'

              WRITE(KW(1),16)

          END IF

          ! PRINTOUT ROUTING COMMAND TABLE

          DO I=1,NCMD

              IF(ICDT(I)>2)THEN

                  IF(KFL(1)>0)WRITE(KW(1),17)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                  IDN1T(I),IDN2T(I)

              ELSE

                  IDO=IDOT(I)

                  IF(ICDT(I)==2)THEN

                      ISA=IDN2T(I)

                      I1=NBSA(ISA)

                      IF(KFL(1)>0)WRITE(KW(1),17)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                      IDN1T(I),IDN2T(I),I1

                  ELSE

                      ISA=IDN1T(I)

                      I1=NBSA(ISA)

                      IF(KFL(1)>0)WRITE(KW(1),2151)RCMD(ICDT(I)),ICDT(I),IDOT(I),&

                      IDN1T(I),I1,IDN2T(I)

                  END IF

                  IDOA(ISA)=IDO              

              END IF     

          END DO

          DO    ! OUTPUT LOOP

              IF(KFL(2)>0)WRITE(KW(2),2284)

              IF(KFL(3)>0)WRITE(KW(3),4085)(HED(KY(J1)),J1=1,NKY),HED(NDVSS)

              IF(KFL(4)>0)WRITE(KW(4),4081)(HED(KY(J1)),J1=1,NKY)

              IF(KFL(5)>0)THEN

                  WRITE(KW(5),935)SUMA,(PSTN(K),K=1,NDP)

                  WRITE(KW(5),937)                                        

              END IF

              IF(KFL(37)>0)THEN

                  WRITE(KW(37),935)SUMA

                  WRITE(KW(37),939)                                        

              END IF

              IF(KFL(8)>0)WRITE(KW(8),1001)

              IF(KFL(9)>0)WRITE(KW(9),2112)

              IF(KFL(43)>0)THEN

                  WRITE(KW(43),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(43),900)

              END IF 

              IF(KFL(46)>0)THEN

                  WRITE(KW(46),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(46),900)

              END IF    

              IF(KFL(47)>0)THEN

                  WRITE(KW(47),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(47),900)

              END IF    

              IF(KFL(48)>0)THEN

                  WRITE(KW(48),'(//1X,A/)')'____________________SOIL DATA___&

                  _________________'

                  WRITE(KW(48),900)

              END IF    

              IF(KFL(11)>0)WRITE(KW(11),4082)HEDC,(HED(KD(J1)),J1=1,NKD),&

              (HEDS(KS(J1)),J1=1,NKS)

              !IF(KFL(11)>0)WRITE(KW(11),4082)(HED(KD(J1)),J1=1,NKD)

              !(HEDS(KS(J1)),J1=1,NKS),HEDC

              !IF(KFL(11)>0)WRITE(KW(11),4082)'GWST','GWSN',HED(16),HED(71),&

              !HED(72),HED(40),HED(96),HED(80)

              IF(KFL(44)>0)WRITE(KW(44),3990)(HED(KD(J1)),J1=1,NKD)

              IF(KFL(13)>0)WRITE(KW(13),4084)

              IF(KFL(14)>0)WRITE(KW(14),2313)

              IF(KFL(15)>0)WRITE(KW(15),603)

              IF(KFL(16)>0)WRITE(KW(16),4083)' RFV',(HED(KD(J1)),J1=1,NKD)

	          IF(KFL(29)>0)WRITE(KW(29),2072)

              IF(KFL(17)>0)WRITE(KW(17),3284)HED(4),(HEDR(J),HEDR(J+10),J=1,10)

              IF(KFL(18)>0)WRITE(KW(18),3285)

              IF(KFL(19)>0)WRITE(KW(19),3286)

              IF(KFL(20)>0)WRITE(KW(20),3287)

              IF(KFL(24)>0)WRITE(KW(24),4091)

              IF(KFL(25)>0)WRITE(KW(25),3288)

	          IF(KFL(27)>0)WRITE(KW(27),729)

	          IF(KFL(28)>0)THEN

                  WRITE(KW(28),934)SUMA,(PSTN(K),K=1,NDP)                                        

                  WRITE(KW(28),938)

              END IF

	          IF(KFL(30)>0)WRITE(KW(30),'(/1X,A)')'-----AVE ANNUAL VALUES(g/ha)'

	          IF(KFL(31)>0)WRITE(KW(31),583)

	          IF(KFL(32)>0)WRITE(KW(32),584)

	          IF(KFL(38)>0)WRITE(KW(38),585)

	          IF(IPD>0.AND.KFL(34)>0)THEN

	              WRITE(KW(34),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                  WRITE(KW(34),854)ASTN

                  WRITE(KW(34),856)SITEFILE

                  WRITE(KW(34),856)SAFILE

                  WRITE(KW(34),2142)HED(4),'mm  ',HED(5),'mm  ',HED(6),'mm  ',HED&

                  (18),'mm  ',HED(10),'mm  ',HED(11),'mm  ',HEDS(8),'mm  ',HED(16),&

                  'mm  ',HED(71),'mm  ','QSUR','mm  ',HED(15),'mm  ',HED(72),'mm  ',&

                  HED(117),'mm  ',HED(14),'-   ',HED(1),'c   ',HED(2),'c   ',HED(59)&

                  ,'c   ',HED(3),'mjm2',HED(27),'t/ha',HED(31),'t/ha',HED(53),'kgha'&

                  ,HED(54),'kgha',HED(55),'kgha',HED(56),'kgha',HED(57),'kgha',HED&

                  (43),'kgha',HED(42),'kgha',HED(37),'kgha',HED(119),'kgha',HED(38),&

                  'kgha',HED(49),'kgha',HED(118),'kgha',HED(39),'kgha',HED(80),&

                  'kgha',(HEDC(1),'-   ',HEDC(2),'-   ',HEDC(3),'m   ',HEDC(4),&

                  't/ha',HEDC(5),'t/ha',HEDC(6),'t/ha',HEDC(7),'m   ',HEDC(8),&

                  't/ha',HEDC(9),'t/ha',HEDC(10),'d   ',HEDC(11),'d   ',HEDC(12),&

                  'd   ',HEDC(13),'d   ',HEDC(14),'d   ',HEDC(15),'d   ',HEDC(16),&

                  'd   ',HEDC(17),'d   ',J=1,5)

	          END IF

	          DO I1=35,39,4

                  IF(KFL(I1)>0)THEN

                      WRITE(KW(I1),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                      WRITE(KW(I1),854)ASTN

                      WRITE(KW(I1),856)SITEFILE

                      WRITE(KW(I1),856)SAFILE

                      WRITE(KW(I1),2162)HEDH(1),'m3/s',HEDH(2),'m3/s',HEDH(33),'m3/s',&

                      HEDH(34),'m3/s',HEDH(3),'m3/s',HEDH(4),'m3/s',HEDH(5),'t   ',&

                      HEDH(6),'t   ',HEDH(7),'ppm ',HEDH(8),'kg  ',HEDH(9),'kg  ',&

                      HEDH(10),'kg  ',HEDH(11),'kg  ',HEDH(12),'kg  ',HEDH(13),'kg  ',&

                      HEDH(14),'kg  ',HEDH(15),'kg  ',HEDH(16),'kg  ',HEDH(17),'kg  ',&

                      HEDH(18),'kg  ',HEDH(19),'kg  ',HEDH(20),'-   ',HEDH(21),'-   ',&

                      HEDH(22),'-   ',HEDH(23),'-   ',HEDH(24),'-   ',HEDH(25),'-   ',&

                      HEDH(26),'g   ',HEDH(27),'g   ',HEDH(28),'g   ',HEDH(29),'g   ',&

                      HEDH(30),'g   ',HEDH(31),'g   ',HEDH(32),'g   '

                  END IF

              END DO

              IF(IPD>0.AND.KFL(40)>0)THEN

	              WRITE(KW(40),2073)IYER,IMON,IDAY,IT1,IT2,IT3

                  WRITE(KW(40),854)ASTN

                  WRITE(KW(40),856)SITEFILE

                  WRITE(KW(40),856)SAFILE

                  WRITE(KW(40),2129)HED(4),'mm  ',HED(13),'mm  ',HED(117),'mm  ',&

                  HED(16),'mm  ','RSTKha/au ',('CPNM-   ',HEDC(1),'-   ',HEDC(2),&

                  '-   ',HEDC(5),'t/ha',HEDC(6),'t/ha',HEDC(8),'t/ha',HEDC(10),&

                  'd   ',HEDC(11),'d   ',HEDC(12),'d   ',HEDC(13),'d   ',HEDC(14),&

                  'd   ',HEDC(15),'d   ','CNSLg/g','CNSDg/g','YLDkg/ha','GRZDd',J=1,5)

              END IF

              IF(KFL(7)>0)WRITE(KW(7),3282)

              IF(KFL(6)>0)WRITE(KW(6),3283)HEDP

	           IHBS=1



              !Initialize LWE Wind erosion module if selected

              if (wnd_op==1) then

                  open(10022018,file='Landscape wind erosion.out', status='unknown', action='READWRITE')

                  write(10022018,'(a6,2a4,20a10)')'YEAR','MON','DAY','Wind','HFLUX','VFLUX','USTAR','USTART','COVER','HEIGHT','GAP',"SM"

                  call EWER2_INIT

              end if



              ! BEGIN ANNUAL SIMULATION LOOP

              CALL BSIM

              ADHY=360.*ADHY*DTHY/SUMA

              IF(KFL(12)>0)WRITE(KW(12),'(25X,A,F10.2,A)')'OUTFLOW = ',ADHY,' mm'

              SM1=0.

              SM2=0.

              SM3=0.

              SM4=0.

              SM6=0.

              SM7=0.

              SM8=0.

              SM9=0.

	          SM11=0.

              SM18=0.

              SM19=0.

              SM40=0.

              SM42=0.

              SM43=0.

              SM46=0.

              SM53=0.

              SM54=0.

              SM55=0.

              SM66=0.

              SM68=0.

              SM69=0.

              SM71=0.

              SM81=0.

              SM82=0.

              SM95=0.

              SM96=0.

              SM104=0.

              SM105=0.

              SM106=0.

              SM110=0.

              SM134=0.

              SM146=0.

              SM147=0.

              SM155=0.

              SM156=0.

              IY=IY-1

              XYR=IY

              RR=0.

	          KSO=MSO

	          WRITE(KW(28),4993)SMSW

	          SMOC=0.

	          SRYF=0.

	          SFTN=0.

	          SRQN=0.

	          TRMN=0.

	          TRON=0.

	          SMWS=0.

	          SMNS=0.

	          SMPS=0.

	          SMKS=0.

	          SMTS=0.

	          SMAS=0.

	          SMSS=0.

	          SMPL=0.

	          SMPQ=0.

	          SMPY=0.

	          SMY1=0.

	          SMY2=0.

              FSNOB=0.

              FSWB=0.

              FRSVB=0.

              FGWSB=0.

              FSWLB=0.

              DO ISA=1,MSA !SUBAREA LOOP OUTPUT

                  IDX=IDOA(ISA)

                  WSAX=WSA(ISA)

                  WSAX1=WSAX*10.

                  IF(KFL(1)>0)CALL APAGE(1)

                  CALL SPRNT

                  DO I=1,12

                      X1=MAX(1,IHRL(I,ISA))

                      THRL(I,ISA)=THRL(I,ISA)/X1

                      SRMX(I,ISA)=SRMX(I,ISA)/X1

                  END DO

                  SW(ISA)=1000.*Z(LID(NBSL(ISA),ISA),ISA)*UW(2)

                  IF(KFL(MSO+1)>0)THEN

                      I2=NBSL(ISA)

	                  KSO=KSO+1

	                  XCC=1.

                      X1=0.

	                  X2=ISG(ISA)

	                  WRITE(ASOL,'(I8.8)')NBSA(ISA)

	                  ASOT=ASOL//".SOT"

	                  OPEN(KW(KSO),FILE=ASOT)

	                  TITSO(ISA)=ASOT

                      WRITE(KW(KSO),526)ASOT,IYER,IMON,IDAY

                      WRITE(KW(KSO),3114)SALB(ISA),X2,FFC(ISA),TSLA(ISA),&

                      XIDS(ISA),X1,XIDK(ISA),ZQT,ZF,ZTK,FBM(ISA),&

                      FHP(ISA),XCC

                      WRITE(KW(KSO),3113)(Z(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(BDP(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(SSF(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(9,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SAN(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SIL(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(6,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(PH(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SMB(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(7,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(CAC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(CEC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(ROK(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(5,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(1,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(RSD(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SOIL(13,LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(PSP(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(SATC(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3113)(HCL(LID(I,ISA),ISA),I=1,I2) 

                      WRITE(KW(KSO),3111)(SOIL(4,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(14,LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(ECND(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(STFR(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(SOIL(12,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3111)(CPRV(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3111)(CPRH(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLS(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLM(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSL(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLMC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSLC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WLSLNC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WBMC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHSC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHPC(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WLSN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WLMN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3113)(WBMN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHSN(LID(I,ISA),ISA),I=1,I2)

                      WRITE(KW(KSO),3111)(WHPN(LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(16,LID(I,ISA),ISA),I=1,I2)

	                  WRITE(KW(KSO),3113)(SOIL(17,LID(I,ISA),ISA),I=1,I2)

	              END IF	      

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),'(//1X,A/)')'____________________FINAL SOIL &

                      PHYSICAL DATA____________________'

                      CALL SOLIOP

                      CALL APAGE(1)

                      WRITE(KW(1),'(//1X,A/)')'____________________FINAL SOIL &

                      CHEMICAL DATA____________________'

                      CALL SOLIOC

                      WRITE(KW(1),'(/T10,A,F7.1,A)')'ERODED SOIL THICKNESS = ',&

                      THK(ISA),' mm'

                      WRITE(KW(1),'(/T10,A,F7.2,A)')'FINAL WATER CONTENT OF &

                      SNOW = ',SNO(ISA),' mm'

                      SRSD(ISA)=SRSD(ISA)/XYR

                      WRITE(KW(1),'(/T10,A,F6.1,A)')'AVE ANNUAL CROP RESIDUE = ',&

                      SRSD(ISA),' T'

                  END IF

                  FSNO=SNO(ISA)*WSAX1

                  FSNOB=FSNOB+FSNO

                  FSW=SW(ISA)*WSAX1

                  FSWB=FSWB+FSW

                  FGWS=GWST(ISA)

                  FGWSB=FGWSB+FGWS

                  FSWL=SWLT(ISA)*WSAX1

                  FSWLB=FSWLB+FSWL

                  IPR=2

                  IF(RSAE(ISA)>0.)THEN

                     X5=SM(65,ISA)

                     IPR=1

                  ELSE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(117,ISA)

                          X15=SM(15,ISA)

                          X17=0.

                          X2=0.

                      ELSE    

                          X5=SMH(34,IDOR(ISA))

                          X2=SMIO(IDNF(ISA))

                          X15=SMH(15,IDOR(ISA))

                          X17=SMH(15,IDNF(ISA))

                      END IF    

                  END IF    

                  IF(PCOF(ISA)>0.)IPR=0

	              IF(IPR<2)THEN

	                  CALL RESPQB(SM(64,ISA),SM(66,ISA),SM(65,ISA),SM(67,ISA),&

                      SM(111,ISA),RSVF(ISA),RSVB(ISA),SM(146,ISA),ISA,KFL,&

                      KW,NBSA,MSO,IPR)

                      CALL RESYB(SM(68,ISA),SM(69,ISA),SM(112,ISA),SM(70,ISA),&

                      RSYF(ISA),RSYB(ISA),ISA,KFL,KW,NBSA,MSO,IPR)

     	              SRYF=SRYF+RSYF(ISA)

     	              TRMN=TRMN+RSO3(ISA)

     	              TRON=TRON+RSON(ISA)

                  END IF  

                  ! PRINTOUT SA WATER BALANCE

                  IF(KFL(1)>0)CALL HSWBL(SM(4,ISA),X2,X5,X17,X15,SM(155,ISA),&

                  SM(147,ISA),SM(66,ISA),SM(71,ISA),SM(18,ISA),SM(110,ISA),&

                  SM(19,ISA),SM(67,ISA),SM(146,ISA),SM(156,ISA),SM(157,ISA),&

                  BSNO(ISA),FSNO,BSW(ISA),FSW,BRSV(ISA),RSV(ISA),&

                  BGWS(ISA),FGWS,FSWL,ISA,KW,NBSA,MSO)

	              SRYF=SRYF+RSYF(ISA) 

                  SFNT=ZNO3(ISA)+ZON(ISA)+STDN(JD(ISA),ISA)

                  IF(DALG(ISA)>0.)THEN

                      IF(KW(1)>0)CALL HLGB(SM(22,ISA),SM(20,ISA),SM(23,ISA),SM(52,ISA),VLG&

                      (ISA),VLGB(ISA),SM(21,ISA),ISA,KW,NBSA,MSO)

                      II=IFED(IDFH(ISA),IDON(ISA))

                      !CALL NLGB(SM(61,ISA),SM(62,II),SOFU,WTMB(ISA),WTMU(ISA),&

                      !ISA,KW,NBSA,MSO)

                      SM6=SM6+SM(62,II)

                  END IF

                  SM7=SM7+FCMP(ISA)*WSAX

                  SM8=SM8+FCMN(ISA)*WSAX

                  SM9=SM9+SM(4,ISA)

                  SM42=SM42+SM(42,ISA)

                  SM46=SM46+SM(46,ISA)

                  SM43=SM43+SM(43,ISA)

                  SM53=SM53+SM(53,ISA)

                  SM54=SM54+SM(54,ISA)

                  SM55=SM55+SM(55,ISA)

                  SM82=SM82+SM(82,ISA)

                  SM96=SM96+SM(96,ISA)

                  SM105=SM105+SM(105,ISA)

                  RFQN(ISA)=SM(4,ISA)*RFNC

                  SRQN=SRQN+RFQN(ISA)

                  SM134=SM134+SM(134,ISA)

                  AD1=0.

                  AD2=0.

                  AD3=0.

                  ADD=0.

                  SUM=0.

                  TOT=0.

                  DO J=1,LC

                      AD1=AD1+STDP(J,ISA)

                      AD2=AD2+STDK(J,ISA)

                      ADD=ADD+STDN(J,ISA)

                      TOT=TOT+UP1(J,ISA)

                      SUM=SUM+UN1(J,ISA)

                      AD3=AD3+UK1(J,ISA)

                  END DO

                  !FTN=WSAX*(ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM+ZNOU(ISA))+GWSN(ISA) 

                  FTN=WSAX*(ZNO3(ISA)+ZNH3(ISA)+ZON(ISA)+ADD+STDON(ISA)+SUM)+GWSN(ISA) 

                  SFTN=SFTN+FTN

                  ! SA N BALANCE

                  IF(KFL(1)>0)THEN

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(37,ISA)

                          X4=SM(158,ISA)

                          X7=SM(39,ISA)

                          X2=0.

                          X3=0.

                          X6=0.

                          X7=0.

                      ELSE    

                          X5=SYN(IDOR(ISA))

                          X4=SQN(IDOR(ISA))

                          X2=SYN(IDNF(ISA))

                          X3=SQN(IDNF(ISA))

                          X6=SSN(IDNF(ISA))

                          X7=SSN(IDOR(ISA))

                      END IF

                      TYN(ISA)=TYN(ISA)*WSAX

                      CALL NBL(BTN(ISA),X2,X5,X3,X4,X6,X7,SM(96,ISA),RFQN(ISA),&

                      SM(134,ISA),SM(42,ISA),SM(53,ISA),TYN(ISA),SM(46,ISA),&

                      SM(54,ISA),SM(55,ISA),SM(43,ISA),FTN,GWSN(ISA),SM(82,ISA),&

                      SM(89,ISA),SM(105,ISA),ISA,1,KW,NBSA,MSO,JRT)

                      !(BTN,QNI,QNO,YNI,YNO,DPKN,RN,YNWN,DN,TFO,YLN,VOL,FNMN,FNMA,&

                      !FX,FTN,BURN,SCOU,PSON,ISA,KBL,KFL,KW,NBSA,MSO,JRT)

	                  IF(JRT>0)WRITE(KW(1),4088)ZNO3(ISA),ZNH3(ISA),&

                      ZON(ISA),ADD,STDON(ISA),SUM,ZNMU(ISA),ZNOU(ISA)

                      ! SA C BALANCE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(77,ISA)

                          X4=SM(76,ISA)

                          X2=0.

                          X3=0.

                      ELSE    

                          X5=SYC(IDOR(ISA))

                          X4=SQC(IDOR(ISA))

                          X2=SYC(IDNF(ISA))

                          X3=SQC(IDNF(ISA))

                      END IF 

                      FTC=ZOC(ISA)*WSAX

                      CALL NCBL(BTC(ISA),X2,X5,X3,X4,SM(136,ISA),SM(75,ISA),&

                      SM(74,ISA),SM(73,ISA),SM(99,ISA),SM(140,ISA),&

                      SM(101,ISA),FTC,ISA,KW,NBSA,MSO,JRT)

	                  IF(JRT>0)WRITE(KW(1),637)ZLSC(ISA),ZLMC(ISA),&

                      ZBMC(ISA),ZHSC(ISA),ZHPC(ISA)

                      FTP=WSAX*(ZPML(ISA)+ZPMU(ISA)+ZPMS(ISA)+ZPMA(ISA)+&

                      ZPO(ISA)+ZFOP(ISA)+ZPOU(ISA)+AD1+STDOP(ISA)+TOT)

                      ! SA P BALANCE

                      IF(IEXT(ISA)>0)THEN

                          X5=SM(48,ISA)

                          X4=SM(49,ISA)

                          X2=0.

                          X3=0.

                      ELSE    

                          X5=SYP(IDOR(ISA))

                          X4=SQP(IDOR(ISA))

                          X2=SYP(IDNF(ISA))

                          X3=SQP(IDNF(ISA))

                      END IF

                      TYP(ISA)=TYP(ISA)*WSAX

                      CALL NBL(BTP(ISA),X2,X5,X3,X4,0.,0.,SM(51,ISA),0.,&

                      SM(135,ISA),0.,SM(56,ISA),TYP(ISA),0.,SM(57,ISA),&

                      0.,0.,FTP,0.,0.,SM(90,ISA),SM(106,ISA),ISA,2,&

                      KW,NBSA,MSO,JRT)

                      IF(JRT>0)WRITE(KW(1),4089)ZPML(ISA),ZPMA(ISA),&

                      ZPMS(ISA),ZPO(ISA),ZFOP(ISA),AD1,STDOP(ISA),TOT,ZPMU(ISA),&

                      ZPOU(ISA)

                      FTK=ZSK(ISA)+ZEK(ISA)+ZFK(ISA)+AD2+STDOK(ISA)+AD3

                      !CALL NBL(BTK(ISA),0.,SM(149,ISA),SM(150,ISA),SM(151,ISA),0.,&

                      !SM(152,ISA),0.,0.,TYK(ISA),0.,SM(148,ISA),0.,0.,FTK,0.,0.,0.,&

                      !0.,0.,0.,0.,ISA,3,KFL,KW,NBSA,MSO,JRT)                                                 

                      IF(JRT>0)WRITE(KW(1),639)ZSK(ISA),ZEK(ISA),&

                      ZFK(ISA),AD2,STDOK(ISA),AD3 

                      CALL SLTB(SM(129,ISA),SM(132,ISA),SM(133,ISA),SM(131,ISA),SM&

                      (130,ISA),SLT0(ISA),ZSLT(ISA),ISA,NBSA,KW,MSO)

                  END IF    

                  XQRB=NQRB(IDX)

                  XCN=JCN(ISA)

                  XX=XQRB+.01

                  PRAX=PRAV(IDX)/XX

                  PRSD(ISA)=PRSD(ISA)-PRAV(IDX)*PRAX

                  IF(PRSD(ISA)>0.)PRSD(ISA)=SQRT(PRSD(ISA)/XX)

                  CYSD(ISA)=CYSD(ISA)-CYAV(ISA)*CYAV(ISA)/XX

                  CYAV(ISA)=CYAV(ISA)/XX

                  IF(CYSD(ISA)>0.)CYSD(ISA)=SQRT(CYSD(ISA)/XX)

                  QRBQ(ISA)=QRBQ(ISA)/XX

                  X5=ERAV(IDX)/XX

                  TCAX=TCAV(IDX)/XX

                  ! DETERMINE AVE ANNUAL VALUES

                  SMY(13,ISA)=0.

                  DO I=1,7

                      VAR(I,ISA)=0.

                  END DO

                  YTX(ISA)=0.

                  YWSA=XYR*WSAX

                  YWSA1=10.*YWSA

                  DO I=1,12

                      RR(I)=RR(I)+TR(I,ISA)/XYR

                      TR(I,ISA)=TR(I,ISA)/YWSA1

                      TSN(I,ISA)=TSN(I,ISA)/XYR

                      TSY(I,ISA)=TSY(I,ISA)/YWSA

                      TYW(I,ISA)=TYW(I,ISA)/XYR

                      TQ(I,ISA)=TQ(I,ISA)/(XYR*WSAX1)

	                  TCN(I,ISA)=TCN(I,ISA)/XYR

                      TYON(I,ISA)=TYON(I,ISA)/YWSA

                      TYTP(I,ISA)=TYTP(I,ISA)/YWSA

                      TQP(I,ISA)=TQP(I,ISA)/YWSA

	                  TQPU(I,ISA)=TQPU(I,ISA)/XYR

                      TQN(I,ISA)=TQN(I,ISA)/YWSA

                      VAR(4,ISA)=VAR(4,ISA)+TYTP(I,ISA)

                      VAR(6,ISA)=VAR(6,ISA)+TQP(I,ISA)

	                  VAR(8,ISA)=VAR(8,ISA)+TQP(I,ISA)

                      TXMX(I,ISA)=TXMX(I,ISA)/XYR

                      TXMN(I,ISA)=TXMN(I,ISA)/XYR

                      TSR(I,ISA)=TSR(I,ISA)/XYR

                      TCVF(I,ISA)=TCVF(I,ISA)/(TEI(I,ISA)+1.E-20)

                      CX(I,ISA)=CX(I,ISA)/XYR

                      VAR(3,ISA)=VAR(3,ISA)+CX(I,ISA)

                      TEI(I,ISA)=TEI(I,ISA)/XYR

                      SMY(I,ISA)=SRD(I,ISA)/XYR

                      YTX(ISA)=YTX(ISA)+SRD(I,ISA)

                      SET(I,ISA)=SET(I,ISA)/XYR

                      TET(I,ISA)=TET(I,ISA)/XYR

                      ASW(I,ISA)=ASW(I,ISA)/XYR

                      QIN(I,ISA)=QIN(I,ISA)/XYR

                      TRHT(I,ISA)=TRHT(I,ISA)/XYR

                      TAMX(I,ISA)=TAMX(I,ISA)/XYR

                      VAR(7,ISA)=VAR(7,ISA)+QIN(I,ISA)

                      VAR(2,ISA)=VAR(2,ISA)+TAMX(I,ISA)

                      VAR(1,ISA)=VAR(1,ISA)+ASW(I,ISA)

                      SMY(13,ISA)=SMY(13,ISA)+SMY(I,ISA)

                  END DO

                  SM(14,ISA)=SM(14,ISA)/(XCN+1.E-10)

                  SMUA(14,ISA)=SM(14,ISA)

                  SM(25,ISA)=SM(25,ISA)/(SM(24,ISA)+1.E-20)

                  SMUA(25,ISA)=SM(25,ISA)

                  VAR(1,ISA)=VAR(1,ISA)/12.

                  DO K=1,13 ! SM(/XYR

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  DO K=15,24

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  DO K=26,NSM

                      SM(K,ISA)=SM(K,ISA)/XYR

                      SMUA(K,ISA)=SMUA(K,ISA)/XYR

                  END DO

                  IF(NDP>0)THEN

                      IF(KFL(1)>0)THEN

	                      CALL APAGE(1)

                          WRITE(KW(1),'(//1X,A/)')'______________PESTICIDE SUMMARY &

                          TABLE________________'

                          WRITE(KW(1),460)

                      END IF

                      CALL PSTSUM(1.,XYR,NX,ISA)

                      DO K=1,NDP

                          SMPQ(ISA)=SMPQ(ISA)+SMAP(2,K,IDX)

                          SMPY(ISA)=SMPY(ISA)+SMAP(5,K,IDX)

                          SMPL(ISA)=SMPL(ISA)+GWPS(K,ISA)

                      END DO

                  END IF          

                  X1=CST1(ISA)/XYR

                  X2=VALF1(ISA)/XYR

	              IF(KFL(1)>0)THEN

                      CALL APAGE(1)

	                  WRITE(KW(1),'(//1X,A/)')'____________________SUMMARY TABLE&

	                  ____________________'

                      WRITE(KW(1),3320)PRB(IDX),PRAX,PRSD(ISA),QRQB(ISA),QRBQ(ISA),&

                      NQRB(IDX)

                      WRITE(KW(1),417)TCAX,TCMN(IDX),TCMX(IDX)

                      WRITE(KW(1),448)CYAV(ISA),CYMX(ISA),CYSD(ISA)

                      AD1=0.

                      DO K=1,10

                          AD1=AD1+CNDS(K,ISA)

                      END DO

                      DO K=1,10

                          CNDS(K,ISA)=CNDS(K,ISA)/AD1

                      END DO

                      WRITE(KW(1),2460)(CNDS(K,ISA),K=1,10)

                  END IF

                  IF(LUN(ISA)==35)THEN

                      DWOC(ISA)=0.

                  ELSE    

                      DO J=1,6

                          XTP(J)=0.

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              SMS(J,ISL,ISA)=SMS(J,ISL,ISA)/(SMS(11,ISL,ISA)&

                              +1.E-5)

                              XTP(J)=XTP(J)+SMS(J,ISL,ISA)

                          END DO

                      END DO

                      DO J=7,10

                          XTP(J)=0.

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              SMS(J,ISL,ISA)=SMS(J,ISL,ISA)/XYR

                              XTP(J)=XTP(J)+SMS(J,ISL,ISA)

                          END DO

                      END DO

                      DO I=1,NBSL(ISA)

                          ISL=LID(I,ISA)

                          XYP(ISL)=WOC(ISL,ISA)-XZP(6,ISL,ISA)

                          YTP(ISL)=WON(ISL,ISA)-XZP(12,ISL,ISA)

                      END DO

                      DWOC(ISA)=ZOC(ISA)-XZP(6,11,ISA)

                      YTP(11)=ZON(ISA)-XZP(12,11,ISA)

                      SMOC=SMOC+.001*WSA(ISA)*DWOC(ISA)

                      XNS(ISA)=NBSL(ISA)

                      DO J=1,6

                          XTP(J)=XTP(J)/XNS(ISA)

                      END DO

                      IF(KFL(23)>0)THEN

                          WRITE(KW(23),635)ISA,NBSA(ISA),(SID(LORG(LID(J,ISA),&

                          ISA)),J=1,10),SID(11)

                          WRITE(KW(23),649)'   Z',(Z(LID(I,ISA),ISA),I=1,10),Z(LID(10,ISA),ISA),' Z   '

                          WRITE(KW(23),649)' SWF',(SMS(1,LID(I,ISA),ISA),I=1,10),XTP(1),' SWF '

                          WRITE(KW(23),649)'TEMP',(SMS(2,LID(I,ISA),ISA),I=1,10),XTP(2),' TEMP'

                          WRITE(KW(23),649)'SWTF',(SMS(3,LID(I,ISA),ISA),I=1,10),XTP(3),' SWTF'

                          WRITE(KW(23),649)'TLEF',(SMS(4,LID(I,ISA),ISA),I=1,10),XTP(4),' TLEF'

                          WRITE(KW(23),649)'SPDM',(SMS(5,LID(I,ISA),ISA),I=1,10),XTP(5),' SPDM'

                          WRITE(KW(23),576)'RSDC',(SMS(7,LID(I,ISA),ISA),I=1,10),XTP(7),' RSDC'

                          WRITE(KW(23),576)'RSPC',(SMS(8,LID(I,ISA),ISA),I=1,10),XTP(8),' RSPC'

                          WRITE(KW(23),576)'RNMN',(SMS(9,LID(I,ISA),ISA),I=1,10),XTP(9),' RNMN'

                          WRITE(KW(23),576)'DNO3',(SMS(10,LID(I,ISA),ISA),I=1,10),XTP(10),' DNO3'

                          WRITE(KW(23),576)'HSC0',(XZP(1,LID(I,ISA),ISA),I=1,10),XZP(1,11,ISA),' HSC0'

                          WRITE(KW(23),576)'HSCF',(WHSC(LID(I,ISA),ISA),I=1,10),ZHSC(ISA),' HSCF'

                          WRITE(KW(23),576)'HPC0',(XZP(2,LID(I,ISA),ISA),I=1,10),XZP(2,11,ISA),' HPC0'

                          WRITE(KW(23),576)'HPCF',(WHPC(LID(I,ISA),ISA),I=1,10),ZHPC(ISA),' HPCF'

                          WRITE(KW(23),576)'LSC0',(XZP(3,LID(I,ISA),ISA),I=1,10),XZP(3,11,ISA),' LSC0'

                          WRITE(KW(23),576)'LSCF',(WLSC(LID(I,ISA),ISA),I=1,10),ZLSC(ISA),' LSCF'

                          WRITE(KW(23),576)'LMC0',(XZP(4,LID(I,ISA),ISA),I=1,10),XZP(4,11,ISA),' LMC0'

                          WRITE(KW(23),576)'LMCF',(WLMC(LID(I,ISA),ISA),I=1,10),ZLMC(ISA),' LMCF'

                          WRITE(KW(23),576)'BMC0',(XZP(5,LID(I,ISA),ISA),I=1,10),XZP(5,11,ISA),' BMC0'

                          WRITE(KW(23),576)'BMCF',(WBMC(LID(I,ISA),ISA),I=1,10),ZBMC(ISA),' BMCF'

                          WRITE(KW(23),576)'WOC0',(XZP(6,LID(I,ISA),ISA),I=1,10),XZP(6,11,ISA),' WOC0'

                          WRITE(KW(23),576)'WOCF',(WOC(LID(I,ISA),ISA),I=1,10),ZOC(ISA),' WOCF'

                          WRITE(KW(23),576)'DWOC',(XYP(LID(I,ISA)),I=1,10),DWOC(ISA),' DWOC'

                          WRITE(KW(23),576)'HSN0',(XZP(7,LID(I,ISA),ISA),I=1,10),XZP(7,11,ISA),' HSN0'

                          WRITE(KW(23),576)'HSNF',(WHSN(LID(I,ISA),ISA),I=1,10),ZHSN(ISA),' HSNF'

                          WRITE(KW(23),576)'HPN0',(XZP(8,LID(I,ISA),ISA),I=1,10),XZP(8,11,ISA),' HPN0'

                          WRITE(KW(23),576)'HPNF',(WHPN(LID(I,ISA),ISA),I=1,10),ZHPN(ISA),' HPNF'

                          WRITE(KW(23),576)'LSN0',(XZP(9,LID(I,ISA),ISA),I=1,10),XZP(9,11,ISA),' LSN0'

                          WRITE(KW(23),576)'LSNF',(WLSN(LID(I,ISA),ISA),I=1,10),ZLSN(ISA),' LSNF'

                          WRITE(KW(23),576)'LMN0',(XZP(10,LID(I,ISA),ISA),I=1,10),XZP(10,11,ISA),' LMN0'

                          WRITE(KW(23),576)'LMNF',(WLMN(LID(I,ISA),ISA),I=1,10),ZLMN(ISA),' LMNF'

                          WRITE(KW(23),576)'BMN0',(XZP(11,LID(I,ISA),ISA),I=1,10),XZP(11,11,ISA),' BMN0'

                          WRITE(KW(23),576)'BMNF',(WBMN(LID(I,ISA),ISA),I=1,10),ZBMN(ISA),' BMNF'

                          WRITE(KW(23),576)'WON0',(XZP(12,LID(I,ISA),ISA),I=1,10),XZP(12,11,ISA),' WON0'

                          WRITE(KW(23),576)'WONF',(WON(LID(I,ISA),ISA),I=1,10),ZON(ISA),' WONF'

                          WRITE(KW(23),576)'DWON',(YTP(LID(I,ISA)),I=1,10),YTP(11),' DWON'

                          WRITE(KW(23),649)'C/N0',(XZP(13,LID(I,ISA),ISA),I=1,10),XZP(13,11,ISA),' C/N0'

                          DO I=1,100

                              XTP(I)=0.

                          END DO

                          DO I=1,NBSL(ISA)

                              ISL=LID(I,ISA)

                              XTP(ISL)=WOC(ISL,ISA)/WON(ISL,ISA)

                          END DO

                          XTP(11)=ZOC(ISA)/ZON(ISA)

                          WRITE(KW(23),649)'C/NF',(XTP(LID(I,ISA)),I=1,10),XTP(11),' C/NF'

                      END IF

                  END IF

                  PPX(1,ISA)=SMUA(38,ISA)

                  PPX(2,ISA)=SMUA(39,ISA)

                  PPX(3,ISA)=SMUA(40,ISA)

                  PPX(4,ISA)=SMUA(49,ISA)

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3050)

                      ! PRINTOUT SUMMARY MONTHLY

                      WRITE(KW(1),3280)IY

                      WRITE(KW(1),3300)HED(1),(TXMX(I,ISA),I=1,12),SM(1,ISA),HED(1)

                      WRITE(KW(1),3300)HED(2),(TXMN(I,ISA),I=1,12),SM(2,ISA),HED(2)

                      WRITE(KW(1),2550)HED(4),(TR(I,ISA),I=1,12),SMUA(4,ISA),HED(4)

                      WRITE(KW(1),3300)'DAYP',(SMY(I,ISA),I=1,13),'DAYP'

                      WRITE(KW(1),2550)HED(16),(TSN(I,ISA),I=1,12),SMUA(16,ISA),HED(16)

                      WRITE(KW(1),2550)HED(13),(TQ(I,ISA),I=1,12),SMUA(13,ISA),HED(13)

	                  WRITE(KW(1),2550)HED(14),(TCN(I,ISA),I=1,12),SM(14,ISA),HED(14)

                      WRITE(KW(1),2550)'DAYQ',(CX(I,ISA),I=1,12),VAR(3,ISA),'DAYQ'

	                  WRITE(KW(1),3300)'RZSW',(ASW(I,ISA),I=1,12),VAR(1,ISA),'RZSW'

                      WRITE(KW(1),3200)HED(24),(TEI(I,ISA),I=1,12),SM(24,ISA),HED(24)

                      WRITE(KW(1),3301)HED(25),(TCVF(I,ISA),I=1,12),SM(25,ISA),HED(25)

                      WRITE(KW(1),3300)HED(NDVSS),(TSY(I,ISA),I=1,12),SMUA(NDVSS,ISA),HED(NDVSS)

                      WRITE(KW(1),3300)HED(37),(TYON(I,ISA),I=1,12),SMUA(37,ISA),HED(37)

                      WRITE(KW(1),3300)HED(48),(TYTP(I,ISA),I=1,12),SMUA(48,ISA),HED(48)

                      WRITE(KW(1),3300)HED(38),(TQN(I,ISA),I=1,12),SMUA(38,ISA),HED(38)

                      WRITE(KW(1),3300)HED(49),(TQP(I,ISA),I=1,12),SMUA(49,ISA),HED(49)

                      WRITE(KW(1),3300)HED(11),(TET(I,ISA),I=1,12),SM(11,ISA),HED(11)

                !     WRITE(KW(1),2550)'DAYW',(TAMX(I,ISA),I=1,12),VAR(2,ISA),'DAYW'

                      WRITE(KW(1),2550)HED(33),(TRHT(I,ISA),I=1,12),SM(33,ISA),HED(33)

                      WRITE(KW(1),3300)HED(36),(TYW(I,ISA),I=1,12),SM(36,ISA),HED(36)

                      WRITE(KW(1),3300)HED(19),(QIN(I,ISA),I=1,12),VAR(7,ISA),HED(19)

                      WRITE(KW(1),3200)HED(10),(SET(I,ISA),I=1,12),SMUA(10,ISA),HED(10)

                      WRITE(KW(1),3200)HED(3),(TSR(I,ISA),I=1,12),SM(3,ISA),HED(3)

                      WRITE(KW(1),3)'RAMX',(SRMX(I,ISA),I=1,12),'RAMX'

                      WRITE(KW(1),3010)'HRLT',(THRL(I,ISA),I=1,12),'HRLT'

                      WRITE(KW(1),'(/1X,A)')'-----AVE ANNUAL VALUES'

                      WRITE(KW(1),3030)IY,(HED(KA(K)),SMUA(KA(K),ISA),K=5,NKA),'COST',X1,&

                      'RTRN',X2

                      WRITE(KW(1),3770)(HED(JC(K)),PPX(K,ISA),K=1,NJC)

                  END IF

                  X4=SMUA(53,ISA)+SMUA(54,ISA)+SMUA(55,ISA)

                  X1=SMUA(56,ISA)+SMUA(57,ISA)

                  FSFN(ISA)=FSFN(ISA)/(X4*XYR+1.E-5)

                  FSFP(ISA)=FSFP(ISA)/(X1*XYR+1.E-5)

                  SM81=SM81+SM(81,ISA)

                  SM(81,ISA)=.001*SM(81,ISA)

                  LD1=LID(1,ISA)

                  X2=1000.*WPML(LD1,ISA)/WT(LD1,ISA)

                  X3=1000.*SM(49,ISA)/(SM(13,ISA)+.1)

                  XYRD=XYR*365.25

                  STKR(ISA)=STKR(ISA)/XYRD

                  PSTM(ISA)=PSTM(ISA)/XYR

                  K1=0

	              DO K=1,LC

                      !IF(NCR(K,ISA)==0)CYCLE

                !     K=LY(IRO(ISA),J,ISA)

                      !XX=MIN(NCR(K,ISA),IY)+1.E-10

                      XX=IY

                      TETG(K,ISA)=1000.*TYL1(K,ISA)/(TETG(K,ISA)+1.E-10)

                      SMY1(ISA)=SMY1(ISA)+TYL1(K,ISA)

                      SMY2(ISA)=SMY2(ISA)+TYL2(K,ISA)

                      TYL1(K,ISA)=TYL1(K,ISA)/XX

                      TYL2(K,ISA)=TYL2(K,ISA)/XX

                      TYLN(K,ISA)=TYLN(K,ISA)/XX

                      TYLP(K,ISA)=TYLP(K,ISA)/XX

                      TYLK(K,ISA)=TYLK(K,ISA)/XX

                      TDM(K,ISA)=TDM(K,ISA)/XX

	                  THU(K,ISA)=THU(K,ISA)/XX

	                  XX=IY

                      TRA(K,ISA)=TRA(K,ISA)/XX

                      TRD(K,ISA)=TRD(K,ISA)/XX

                      TCAW(K,ISA)=TCAW(K,ISA)/XX

                      TVIR(K,ISA)=TVIR(K,ISA)/XX

                      TFTN(K,ISA)=TFTN(K,ISA)/XX

                      TFTP(K,ISA)=TFTP(K,ISA)/XX

                      TFTK(K,ISA)=TFTK(K,ISA)/XX

                      SMWS(ISA)=SMWS(ISA)+TSFC(1,K,ISA)

                      SMNS(ISA)=SMNS(ISA)+TSFC(2,K,ISA)

                      SMPS(ISA)=SMPS(ISA)+TSFC(3,K,ISA)

                      SMKS(ISA)=SMKS(ISA)+TSFC(4,K,ISA)

                      SMTS(ISA)=SMTS(ISA)+TSFC(5,K,ISA)

                      SMAS(ISA)=SMAS(ISA)+TSFC(6,K,ISA)

                      SMSS(ISA)=SMSS(ISA)+TSFC(7,K,ISA)

                      DO L=1,7

                          TSFC(L,K,ISA)=TSFC(L,K,ISA)/XX

                      END DO

                      DO L=1,3

                          STDA(L,K,ISA)=STDA(L,K,ISA)/XX

                      END DO

                      IF(PSTM(ISA)<1.E-10)THEN

                          X6=1.

                      ELSE

                          X6=PSTM(ISA)

                      END IF        

                      ! PRINTOUT CROP SUMMARY

                      IF(KFL(1)>0)WRITE(KW(1),326)CPNM(K),TYL1(K,ISA),TYL2(K,ISA),&

                      TDM(K,ISA),TYLN(K,ISA),TYLP(K,ISA),TYLK(K,ISA),TFTN(K,ISA),&

                      TFTP(K,ISA),TFTK(K,ISA),TVIR(K,ISA),TCAW(K,ISA),TETG(K,ISA),&

                      TRA(K,ISA),THU(K,ISA),X6

                      IF(KFL(1)>0)WRITE(KW(1),577)(TSFC(L,K,ISA),L=1,7),(STDA(L,K,ISA),L=1,3)

                      IF(K1>0)THEN

                          IF(KFL(2)>0.AND.SM(81,ISA)>0.)WRITE(KW(2),2282)ISA,NBSA(ISA),&

                          IDON(ISA),CPNM(K),TYL1(K,ISA),TYL2(K,ISA),TYLN(K,ISA),TYLP(K,ISA)

                      ELSE

                          IF(KFL(2)>0.AND.SM(81,ISA)>0.)THEN

                              SM80=SM(80,ISA)

                              WRITE(KW(2),2282)ISA,NBSA(ISA),IDON(ISA),&

                              CPNM(K),TYL1(K,ISA),TYL2(K,ISA),TYLN(K,ISA),&

                              TYLP(K,ISA),STKR(ISA),WSAX,SMUA(13,ISA),&

                              SM(29,ISA),SMUA(49,ISA),SMUA(48,ISA),SMUA(38,ISA),&

                              SMUA(39,ISA),SMUA(80,ISA),SMUA(40,ISA),SMUA(37,ISA),X1,X4,&

                              SMUA(81,ISA),PDPL0(ISA),PDPLC(ISA),X3

                          END IF    

                          K1=1

                      END IF

                      SM2=SM2+TYLP(K,ISA)*WSAX

                      SM3=SM3+TYLN(K,ISA)*WSAX

                      IF(KFL(49)/=0)THEN

                          IF(K==1)THEN

                              ADFL=ADJUSTL(ASTN)

                              WRITE(KW(49),105)IYER,IMON,IDAY,ISA,&

                              NBSA(ISA),NQRB(IDX),ADFL,WSA(ISA),PRB(IDX),PRAX,&

                              PRSD(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(16,ISA),&

                              SMUA(24,ISA),SMUA(25,ISA),SMUA(26,ISA),&

                              SMUA(27,ISA),SMUA(28,ISA),SMUA(29,ISA),&

                              SMUA(30,ISA)

                          END IF

                      END IF    

                  END DO

                  X2=NWDA(ISA)

                  YW0=100.*WCF*TVGF(ISA)/(X2+1.E-5)

                  ! PRINTOUT SUBAREA SUMMARY

                  IF(KFL(3)>0)WRITE(KW(3),498)ISA,NBSA(ISA),WSA(ISA),CN2(ISA),YW0,&

                  OCPD(ISA),FSFN(ISA),FSFP(ISA),PRB(IDX),PRAX,TCAX,CYAV(ISA),&

                  CYMX(ISA),(SMUA(KY(K),ISA),K=1,NKY),SMUA(NDVSS,ISA)

                  SM1=SM1+X1*WSAX

                  SM4=SM4+X4*WSAX

                  SM40=SM40+SM(40,ISA)

                  SM71=SM71+SM(71,ISA)

	              SM104=SM104+SM(104,ISA)

                  SM146=SM146+SM(146,ISA)

                  SM147=SM147+SM(147,ISA)

                  SM155=SM155+SM(155,ISA)

                  SM156=SM156+SM(156,ISA)

                  SM18=SM18+SM(18,ISA)

	              SM19=SM19+SM(19,ISA)

                  SM110=SM110+SM(110,ISA)

              END DO    !SUBAREA LOOP OUTPUT

              IF(KFL(1)>0)WRITE(KW(1),461)

              IF(NDP>0)THEN

                  IF(KFL(1)>0)WRITE(KW(1),460)

                  IF(MSA>1)CALL PSTSUM(SUMA,XYR,NX,NCMD)

              END IF

              XYA=XYR*SUMA

              AVRF=SM9/XYA

              DO I=1,12

                  RR(I)=.1*RR(I)/SUMA

                  RR(13)=RR(13)+RR(I)

              END DO

              X1=YTX(1)-1.

              X2=XYR*SM(100,1)

              SX2=SDRF-X2*X2/YTX(1)

              SDX=SQRT(SX2/(X1+1.E-10))

              X3=X2/YTX(1)

              SMH34=SMH(34,NCMD)

              IF(KFL(35)>0)THEN

	              PCTH=0.

	              PCT=0.

	              NTX=0

                  DO IDO=1,NCMD

                      SMH(7,IDO)=1.E5*SMH(6,IDO)/(SMH(2,IDO)*RWSA(IDO)+1.E-10)

		              DO K=1,NSH

		                  SMH(K,IDO)=SMH(K,IDO)/XYR

		                  IF(K<5.OR.K>32)THEN 

		                      X1=366-NYD

		                      SMH(K,IDO)=SMH(K,IDO)/X1

		                  END IF

		              END DO

                  END DO

	          END IF

	          AD5=0.

	          AD1=0.

	          AD2=0.

              DO ISA=1,MSA

                  WSAX=WSA(ISA)

                  WSAX1=10.*WSAX

                  YWSA=XYR*WSAX

                  YWSA1=10.*YWSA

                  IF(SM(141,ISA)>0.)THEN

                      AD1=AD1+SM(141,ISA)*WSAX

                      AD2=AD2+WSAX

                  END IF

                  AD5=AD5+TYN(ISA)

                  X2=XYR*SM(4,ISA)/WSAX1

                  SX2=SDVR(ISA)-X2*X2/(YTX(ISA)+1.E-10)

                  SDX=SQRT(SX2/X1)

                  X3=X2/YTX(ISA)

                  IF(KFL(34)>0)THEN

                      DO I=1,MSA

                          I1=NBSA(IBSA(I))

                          I2=NISA(I1)	

                          II=IDOA(I2)

                          X1=.001*ZOC(I2)

                          X71=SM(71,I2)/WSA(I2)

                          WRITE(KW(34),859)I1,NBYR,IGC,WSA(I2),SMUA(4,I2),SMUA(5,I2),&

                          SMUA(6,I2),SMUA(18,I2),SMUA(10,I2),SMUA(11,I2),RZSW(I2),&

                          SMUA(16,I2),X71,SMUA(13,I2),SMUA(15,I2),SMUA(72,I2),&

                          SMUA(117,I2),SMUA(14,I2),SMUA(1,I2),SMUA(2,I2),SMUA(59,I2),&

                          SMUA(3,I2),SMUA(27,I2),SMUA(31,I2),SMUA(53,I2),SMUA(54,I2),&

                          SMUA(55,I2),SMUA(56,I2),SMUA(57,I2),SMUA(43,I2),SMUA(42,I2),&

                          SMUA(37,I2),SMUA(119,I2),SMUA(38,I2),SMUA(49,I2),SMUA(118,I2),&

                          SMUA(39,I2),SMUA(80,I2),X1,(TYL1(LY(IRO(I2),J,I2),I2),&

                          TYL2(LY(IRO(I2),J,I2),I2),(TSFC(L,J,I2),L=1,7),CPNM&

                          (LY(IRO(I2),J,I2)),J=1,NCP(IRO(I2),I2))

                      END DO

                  END IF

                  IF(KFL(40)>0)THEN

                      DO J=1,NCP(IRO(ISA),ISA)

                          YTP(J)=1000.*TYL2(LY(IRO(ISA),J,ISA),ISA)

                      END DO	

                      WRITE(KW(40),857)NBSA(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(117,ISA),&

                      SMUA(16,ISA),(CPNM(LY(IRO(ISA),J,ISA)),(TSFC(L,J,ISA),L=1,7),&

                      YTP(J),SMUA(141,ISA),J=1,NCP(IRO(ISA),ISA))

                  END IF

  	              IF(KFL(35)==0.OR.MSA==1)CYCLE

                  I1=NBSA(IBSA(ISA))

	              I2=NISA(I1)

	              IF(IEXT(I2)>0)THEN

	                  II=IDOA(I2)

	                  X2=WSA(I2)

	                  I3=II

	              ELSE

	                  II=IDOA(I2)-1

	                  X2=RWSA(II)+WSA(I2)

	                  I3=II+2

	              END IF

                  IF(NTX(II)>0)CYCLE

	              WRITE(KW(35),5005)I1,II,NBYR,X2,SMH(1,II),SMH(2,I3),SMH(33,II),&

	              SMH(35,I3),(SMH(K,II),K=3,NSH-3)

                  !(PCTH(J,II),J=1,NSZ),(PCT(J,II),J=1,NSZ)

 	              NTX(II)=1

              END DO

	          AD1=AD1/(AD2+1.E-10)

              IF(KFL(39)>0)THEN

                  DO I=1,NCMO

	                  II=ICMO(I)

	                  WRITE(KW(39),472)II,IYR,MO,RWSA(II),SMH(1,II),SMH(2,II),&

	                  SMH(33,II),SMH(34,II),(SMH(K,II),K=3,NSH-2)

	              END DO    

	          END IF    

              DO IWI=1,NWP

                  X1=NWPD(IWI)

                  RTO=X1/XYRD

              END DO

              IF(NDP>0.AND.(KFL(1)>0.OR.KFL(38)>0))THEN

                  CALL APAGE(0)

                  WRITE(KW(1),18)

                  WRITE(KW(1),3281)NBYR

                  YTP=0.

                  DO K=1,NDP

                      WRITE(KW(1),3060)PSTN(K)

	                  SUM=0.

                      DO I=1,12

                          SMRP(5,K,I)=SMRP(5,K,I)/XYR

                          SUM=SUM+SMRP(5,K,I)

                      END DO

                      WRITE(KW(1),3302)HEDP(1),(SMRP(5,K,I),I=1,12),SUM,HEDP(1)

                      DO J=1,2

                          J1=J+2

                          XTP(J)=0.

                          XTP(J1)=0.

                          DO I=1,12

                              SMRP(J,K,I)=SMRP(J,K,I)/XYR

                              SMRP(J1,K,I)=SMRP(J1,K,I)/XYR

                              XTP(J1)=XTP(J1)+SMRP(J1,K,I)

                              XTP(J)=XTP(J)+SMRP(J,K,I)

                          END DO

                          YTP(J1)=YTP(J1)+XTP(J1)

                          YTP(J)=YTP(J)+XTP(J)

                          ! PRINTOUT REACH PESTICIDE SUMMARY MONTHLY

                          WRITE(KW(1),3302)HDRP(J),(SMRP(J,K,I),I=1,12),XTP(J),HDRP(J)

                          WRITE(KW(1),3302)HDRP(J1),(SMRP(J1,K,I),I=1,12),XTP(J1),HDRP(J1)

                      END DO

                  END DO        

                  CALL APAGE(0)

              END IF          

              SUM=0.

              DO I=1,LC

                  TCPY(I)=TCPY(I)/(TCPA(I)+1.E-10)

                  TCPA(I)=TCPA(I)/XYR

                  SUM=SUM+TCPA(I)

              END DO

              IF(KFL(1)>0)WRITE(KW(1),5007)

              IF(KFL(10)>0)WRITE(KW(10),5007)

              DO I=1,LC

                  X1=TCPA(I)/(SUM+1.E-10)

                  IF(KFL(1)>0)WRITE(KW(1),5008)CPNM(I),TCPA(I),X1,TCPY(I)

                  IF(KFL(10)>0)WRITE(KW(10),5008)CPNM(I),TCPA(I),X1,TCPY(I)

              END DO

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(/T10,A,F10.0/T10,A,F10.2,A)')'AREA WEIGHTED GRAZING DAYS = ',&

                  AD1,'GRAZING AREA = ',AD2,' ha'

                  IF(NGN==0)THEN

                      NAD=0

                      DO IWI=1,NWP

                          NAD=NAD+IAD(IWI)

                      END DO

                      IF(NAD>0)THEN

                          AD1=0.

                          DO IWI=1,NWP

                              XTP(IWI)=REAL(IAD(IWI))/REAL(NAD)

                              RFSG(IWI)=RFSG(IWI)/XYR

                              AD1=AD1+RFSG(IWI)

                          END DO

                          WRITE(KW(1),'(/T10,A,10(1X,I4,F10.4))')'FRACTION WPM1 USED IN SPATIAL &

                          GENERATOR = ',(IWI,XTP(IWI),IWI=1,NWP)

                          WRITE(KW(1),'(/T10,A,10(1X,I4,F10.0))')'PCP GENERATED BY &

                          WPM1 = ',(IWI,RFSG(IWI),IWI=1,NWP)

                          WRITE(KW(1),'(T10,A,F10.0)')' TOT = ',AD1

                      END IF

                  END IF    

              END IF

              IF(KFL(10)>0)THEN

                  WRITE(KW(10),'(/T42,A)')'AVE ANNUAL DATA'

                  WRITE(KW(10),18)

                  WRITE(KW(10),3281)NBYR

                  WRITE(KW(10),2550)HED(4),(RR(I),I=1,12),RR(13),HED(4)

              END IF

              IF(KFL(1)>0)THEN

                  IF(NAQ>0)THEN

                      SUM=0.

                      DO I=1,16

                          XTP(I)=NWDR(I)

                          SUM=SUM+XTP(I)

                      END DO

                      DO I=1,16

                          XTP(I)=XTP(I)/SUM

                      END DO

                      WRITE(KW(1),5012)(XTP(I),I=1,16)

                      WRITE(KW(1),5016)

                      TOT=0.

                      ADD=0.

                      DO I=1,MSA

                          TOT=TOT+PM10(I)

                          ADD=ADD+EM10(I)

                      END DO

                      CALL ASORT1(PM10,NX,MSA)

                      SUM=0.

                      DO I=1,MSA

                          I1=NX(I)

                          X1=PM10(I1)/TOT

                          SUM=SUM+X1

                          X2=PM10(I1)/WSA(I1)

                          WRITE(KW(1),5017)I1,NBSA(I1),X2,X1,SUM

                      END DO

                      WRITE(KW(1),5018)TOT,ADD

                  END IF

                  WRITE(KW(1),18)

                  WRITE(KW(1),3280)NBYR

                  WRITE(KW(1),2550)HED(4),(RR(I),I=1,12),RR(13),HED(4)

              END IF

              DO J=1,10

                  J1=J+10

                  XTP(J)=0.

                  XTP(J1)=0.

                  DO I=1,12

                      IF(J<3)THEN

                          X1=.1

                      ELSE

                          X1=1.

                      END IF    

                      SMR(J,I)=X1*SMR(J,I)/XYA                                                 

                      SMR(J1,I)=X1*SMR(J1,I)/XYA

                      XTP(J1)=XTP(J1)+SMR(J1,I)

                      XTP(J)=XTP(J)+SMR(J,I)

                  END DO

                  ! PRINTOUT REACH SUMMARY MONTHLY

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),3300)HEDR(J),(SMR(J,I),I=1,12),XTP(J),HEDR(J)

                      WRITE(KW(1),3300)HEDR(J1),(SMR(J1,I),I=1,12),XTP(J1),HEDR(J1)

                  END IF    

                  IF(KFL(10)==0)CYCLE

                  WRITE(KW(10),3301)HEDR(J),(SMR(J,I),I=1,12),XTP(J),HEDR(J)

                  WRITE(KW(10),3301)HEDR(J1),(SMR(J1,I),I=1,12),XTP(J1),HEDR(J1)

              END DO

              XTP(21)=0.

              DO I=1,12

	              SMR(21,I)=SMR(21,I)/XYA

                  XTP(21)=XTP(21)+SMR(21,I)

              END DO

              IF(KFL(32)>0)THEN

                  X1=XTP(21)-XTP(16)

	              SMOC=SMOC/SUMA

                  WRITE(KW(32),2157)XTP(11),XTP(13),XTP(16),X1,XTP(14),SMOC

              END IF

              IF(KFL(1)>0)THEN

                  CALL APAGE(0)

                  WRITE(KW(1),'(//1X,A/)')'______________ROUTING REACH SUMMARY &

                  TABLE_____________'

                  WRITE(KW(1),'(T24,A)')'INDIVIDUAL STORM DATA'

                  WRITE(KW(1),35)

                  K=0

                  DO J=1,NCMD

                      IF(NQRB(J)==0)CYCLE

                      XX=NQRB(J)

                      PRAV(J)=PRAV(J)/XX

                      TCAV(J)=TCAV(J)/XX

                      DRAV(J)=DRAV(J)/XX

                      ERAV(J)=ERAV(J)/XX

                      J1=NQRB(J)/NBYR

                      SR7=.1*SRCH(7,J)/RWSA(J)

                      X1=SR7/XX

                      IF(ICDT(J)/=1)THEN

                          ! PRINTOUT REACH STORM SUMMARY

                          WRITE(KW(1),24)CMDX(ICDT(J)),J,RWSA(J),J1,TCAV(J),DRAV(J),&

                          ERAV(J),X1,PRAV(J),PRB(J)

                      ELSE

                          K=K+1

                          X2=MAX(NBCT(K),NBCF(K))

                          X3=MAX(NBFT(K),NBFF(K))

                          VCHA(K)=VCHA(K)/(X2+1.E-10)

                          VFPA(K)=VFPA(K)/(X3+1.E-10)

                          WRITE(KW(1),4087)CMDX(ICDT(J)),J,K,NBSA(K),RWSA(J),J1,TCAV(J),&

                          DRAV(J),ERAV(J),X1,PRAV(J),PRB(J),NBCF(K),VCHA(K),VCHB(K)&

                          ,NBFF(K),VFPA(K),VFPB(K)

                      END IF

                  END DO

                  WRITE(KW(1),'(///T42,A)')'AVE ANNUAL DATA'

                  WRITE(KW(1),36)

              END IF    

              IF(KFL(10)>0)WRITE(KW(10),36)

              K=0

              DO J=1,NCMD  ! COMMAND OUTPUT LOOP

                  DO I=7,25

                      SRCH(I,J)=SRCH(I,J)/XYR

                  END DO

                  SR7=.1*SRCH(7,J)/RWSA(J)

                  SR8=SRCH(8,J)/RWSA(J)

                  SR9=SRCH(9,J)/RWSA(J)

                  SR10=SRCH(10,J)/RWSA(J)

                  SR11=SRCH(11,J)/RWSA(J)

                  SR12=SRCH(12,J)/RWSA(J)

                  SR13=SRCH(13,J)/RWSA(J)

                  SR14=SRCH(14,J)/RWSA(J)

                  SR17=SRCH(17,J)/RWSA(J)

                  SR18=SRCH(18,J)/RWSA(J)

                  SR21=SRCH(21,J)/RWSA(J)

                  IF(ICDT(J)==1)THEN

                      K=K+1

                      I1=NISA(NBSA(K))

                      IF(KFL(1)>0)WRITE(KW(1),2302)CMDX(ICDT(J)),J,K,NBSA(K),RWSA(J),&

                      SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),SRCH(23,J),&

                      SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),&

                      SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18

                      IF(KFL(10)>0)THEN

						  WRITE(KW(10),2302)CMDX(ICDT(J)),J,K,NBSA(K),&

                      RWSA(J),SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,&

                      J),SRCH(23,J),SR8,SR13,SR14,SRCH(24,J),&

                      SRCH(25,J),SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18

					  ENDIF

					  

                      CYCLE

                  END IF            

                  IF(ICDT(J)==4)THEN

                      X1=.1/RWSA(J)

                      X2=X1*RSVP(I1)

                      X3=X1*RSVE(I1)

                      J1=I1

                      J2=NBSA(K)

                  ELSE

                      X2=0.

                      X3=0.

                      J1=0

                      J2=0        

                  END IF

                  ! PRINTOUT REACH SUMMARY

                  IF(KFL(1)>0)WRITE(KW(1),2302)CMDX(ICDT(J)),J,J1,J2,RWSA(J),SR7,&

                  SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),SRCH(23,J),&

                  SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),SR9,&

                  SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18,X2,X3

                  IF(KFL(10)>0)WRITE(KW(10),2302)CMDX(ICDT(J)),J,J1,J2,RWSA(J),&

                  SR7,SRCH(15,J),SRCH(19,J),SRCH(20,J),SRCH(16,J),&

                  SRCH(23,J),SR8,SR13,SR14,SRCH(24,J),SRCH(25,J),&

                  SR9,SR11,SR10,SR12,SR17,SR21,SRCH(22,J),SR18,X2,X3

              END DO ! COMMAND OUTPUT LOOP

              SR7=.1*SRCH(7,NCMD)/SUMA

              IF(KFL(38)>0)THEN

                  ADRF=0.

                  ADY2=0.

                  ADR2=0.

                  ADYW=0.

                  ADST=0.

                  ADDC=0.

                  ADWS=0.

                  ADKS=0.

                  ADNS=0.

                  ADPS=0.

                  ADTS=0.

                  ADAS=0.

                  ADSS=0.

                  ADLN=0.

                  ADLP=0.

                  ADPL=0.

                  ADY1=0.

                  ADRC=0.

                  ADFU=0.

                  ADFN=0.

                  ADFP=0.

                  ARFP=0. 

                  ADRP=0.

                  AYWP=0.

                  ADPQ=0.

                  ADPY=0.

                  NTX=0

                  DO ISA=1,MSA

                      WSAX=WSA(ISA)

                      ADRF=ADRF+SM(4,ISA)

                      ADR2=ADR2+SM(31,ISA)

                      ADYW=ADYW+SM(36,ISA)

                      ADLN=ADLN+SM(40,ISA)

                      ADLP=ADLP+SM(51,ISA)

                      ADRC=ADRC+SM(25,ISA)*WSAX

                      ARFP=ARFP+SM(142,ISA)

                      ADRP=ADRP+SM(143,ISA)

                      AYWP=AYWP+SM(135,ISA)

                      SMWS(ISA)=SMWS(ISA)/XYR

                      ADWS=ADWS+SMWS(ISA)*WSAX

                      SMNS(ISA)=SMNS(ISA)/XYR

                      ADNS=ADNS+SMNS(ISA)*WSAX

                      SMPS(ISA)=SMPS(ISA)/XYR

                      ADPS=ADPS+SMPS(ISA)*WSAX

                      SMKS(ISA)=SMKS(ISA)/XYR

                      ADKS=ADKS+SMKS(ISA)*WSAX

                      SMTS(ISA)=SMTS(ISA)/XYR

                      ADTS=ADTS+SMTS(ISA)*WSAX

                      SMAS(ISA)=SMAS(ISA)/XYR

                      ADAS=ADAS+SMAS(ISA)*WSAX

                      SMSS(ISA)=SMSS(ISA)/XYR

                      ADSS=ADSS+SMSS(ISA)*WSAX

                      SMY1(ISA)=SMY1(ISA)/XYR

                      ADY1=ADY1+SMY1(ISA)*WSAX

                      SMY2(ISA)=SMY2(ISA)/XYR

                      ADY2=ADY2+SMY2(ISA)*WSAX

                      SMPL(ISA)=SMPL(ISA)/XYR

                      ADPL=ADPL+SMPL(ISA)*WSAX

                      SMPQ(ISA)=SMPQ(ISA)/XYR

                      ADPQ=ADPQ+SMPQ(ISA)*WSAX

                      SMPY(ISA)=SMPY(ISA)/XYR

                      ADPY=ADPY+SMPY(ISA)*WSAX

                      SMFU(ISA)=SMFU(ISA)/XYR

                      ADFU=ADFU+SMFU(ISA)*WSAX

                      SMST(ISA)=SMST(ISA)/XYR

                      ADST=ADST+SMST(ISA)*WSAX

                      DWOC(ISA)=.001*DWOC(ISA)

                      ADDC=ADDC+DWOC(ISA)*WSAX

                      X4=SM(53,ISA)+SM(54,ISA)+SM(55,ISA)

                      ADFN=ADFN+X4

                      X1=SM(56,ISA)+SM(57,ISA)

                      ADFP=ADFP+X1

                      I1=NBSA(IBSA(ISA))

                      I2=NISA(I1)

                      IF(IEXT(I2)>0)THEN

                          II=IDOA(I2)

                          X2=WSA(I2)

                          I3=II

                      ELSE

                          II=IDOA(I2)-1

                          X2=RWSA(II)+WSA(I2)

                          I3=II+2

                      END IF

                      IF(NTX(II)>0)CYCLE

                      CM3MM=3155760./X2

	                  SMH(2,I3)=SMH(2,I3)*CM3MM

 	                  SMH(34,I3)=SMH(34,I3)*CM3MM

                      SMH(35,I3)=SMH(35,I3)*CM3MM

                      SMH(6,I3)=SMH(6,I3)/X2

                      SMH(13,I3)=SMH(13,I3)/X2

                      SMH(9,I3)=SMH(9,I3)/X2

                      SMH(19,I3)=SMH(19,I3)/X2

                      SMH(11,I3)=SMH(11,I3)/X2

                      SMH(27,I3)=SMH(27,I3)/X2

                      SMH(29,I3)=SMH(29,I3)/X2

                      SM(135,ISA)=SM(135,ISA)/X2

                      X1=X1/X2

                      X4=X4/X2

                      WRITE(KW(38),586)ISA,NBSA(ISA),SMUA(4,ISA),SMUA(13,ISA),SMUA(117,ISA),&

                      SMUA(31,ISA),SMUA(NDVSS,ISA),SMUA(36,ISA),SMY1(ISA),SMY2(ISA),SMWS(ISA),&

                      SMNS(ISA),SMPS(ISA),SMKS(ISA),SMTS(ISA),SMAS(ISA),SMSS(ISA),X4,X1,&

                      SMUA(18,ISA),SMST(ISA),SMFU(ISA),DWOC(ISA),SMUA(38,ISA),SMUA(39,ISA),&

                      SMUA(84,ISA),SMUA(47,ISA),SMUA(80,ISA),SMUA(96,ISA),SMUA(37,ISA),&

                      SMUA(134,ISA),SMUA(46,ISA),SMUA(42,ISA),SMUA(43,ISA),SMUA(49,ISA),&

                      SMUA(142,ISA),SMUA(143,ISA),SMUA(51,ISA),SMUA(48,ISA),SMUA(135,ISA),&

                      SMPQ(ISA),SMPL(ISA),SMPY(ISA),SMH(2,I3),SMH(35,I3),SMH(6,I3),&

                      SMH(13,I3),SMH(9,I3),SMH(19,I3),SMH(11,I3),SMH(27,I3),SMH(29,I3)

                      NTX(II)=1

                  END DO

                  IF(MSA>1)THEN

                      ADRF=.1*ADRF/SUMA

                      ADY2=ADY2/SUMA

                      ADY1=ADY1/SUMA

                      ADR2=ADR2/SUMA

                      ADYW=ADYW/SUMA

                      ADST=ADST/SUMA

                      ADDC=ADDC/SUMA

                      ADWS=ADWS/SUMA

                      ADNS=ADNS/SUMA

                      ADPS=ADPS/SUMA

                      ADKS=ADKS/SUMA

                      ADTS=ADTS/SUMA

                      ADAS=ADAS/SUMA

                      ADSS=ADSS/SUMA

                      ADLN=ADLN/SUMA

                      ADLP=ADLP/SUMA

                      ADPL=ADPL/SUMA

                      ADRC=ADRC/SUMA

                      ADFU=ADFU/SUMA

                      ADFN=ADFN/SUMA

                      ADFP=ADFP/SUMA

                      ARFP=ARFP/SUMA

                      ADRP=ADRP/SUMA

                      AYWP=AYWP/SUMA

                      ADIR=SM18/XYA

                      ADDP=SM96/SUMA

                      ADWN=SM134/XYA

                      ADVO=SM46/XYA

                      ADDN=SM42/XYA

                      ADFX=SM43/XYA

                      ADPQ=ADPQ/XYA

                      SR8=SRCH(8,NCMD)/SUMA

                      SR10=SRCH(10,NCMD)/SUMA

                      SR12=SRCH(12,NCMD)/SUMA

                      SR9=SRCH(9,NCMD)/SUMA

                      SR18=SRCH(18,NCMD)/SUMA

                      SR22=SRCH(22,NCMD)/SUMA

                      SR21=SRCH(21,NCMD)/SUMA

                      SR17=SRCH(17,NCMD)/SUMA

                      SR11=SRCH(11,NCMD)/SUMA

                      WRITE(KW(38),587)ADRF,SR7,XTP(12),ADR2,&

                      SR8,ADYW,ADY1,ADY2,ADWS,ADNS,ADPS,ADKS,&

                      ADTS,ADAS,ADSS,ADFN,ADFP,ADIR,ADST,ADFU,ADDC,SR11,&

                      SR17,SR21,SR22,SR18,ADDP,SR9,ADWN,ADVO,ADDN,ADFX,&

                      SR12,ARFP,ADRP,ADLP,SR10,AYWP,ADPQ,ADPL,ADPY

                  END IF    

              END IF

              IF(KFL(14)>0)THEN

                  WRITE(KW(14),373)RWSA(1),RCHL(1),RCHS(1),RFPL(1),(SRCH(I,1)&

                  ,I=7,12)

                  WRITE(KW(14),373)SUMA,RCHL(MSA),RCHS(MSA),RFPL(MSA)&

                  ,(SRCH(I,NCMD),I=7,12)

              END IF

              X11=10.*SUMA

              SM1=SM1/SUMA

              SM2=SM2/SUMA

              SM3=SM3/SUMA

              SM4=SM4/SUMA

              SM40=SM40/SUMA

              SM81=.001*SM81/SUMA

              X2=100.*SRCH(12,NCMD)/(SRCH(7,NCMD)*SUMA+.1)

              TMAF=.001*TMAF

              TMPD=.001*TMPD

              ! PRINTOUT MANURE FILE

              XX=X11*XYR

              XX1=SUMA*XYR

              AD4=0.

              TSMU=0.

              TSMN=0.                                                                        

              TLMN=0.

              IF(TMAF>0..OR.TMPD>0.)THEN

                  IF(KFL(2)>0)THEN

                      SR9=SRCH(9,NCMD)/SUMA

                      SR8=SRCH(8,NCMD)/SUMA

                      SR10=SRCH(10,NCMD)/SUMA

                      SR11=SRCH(11,NCMD)/SUMA

                      SR12=SRCH(12,NCMD)/SUMA

                      SR17=SRCH(17,NCMD)/SUMA

                      SR18=SRCH(18,NCMD)/SUMA

                      WRITE(KW(2),2303)'TOTAL',SM3,SM2,NMC,SUMA,SR7,SR8,&

                      SR12,SR10,SR11,SR17,SR18,SM40,SR9,SM1,SM4,SM81,X2

                      WRITE(KW(2),'(//T6,A)')'OW ID #  AREA(ha)  MAP(t/ha/y)'

                  END IF    

                  DO IOW=1,NBON

                      IF(OWSA(IOW)<1.E-10)CYCLE

                      OMAP(IOW)=.001*OMAP(IOW)/(XYR*OWSA(IOW))

                      IF(KFL(2)>0)WRITE(KW(2),2308)IOW,OWSA(IOW),OMAP(IOW)

                      TSMU=TSMU+SMNU(IOW)

                      IF(IDFA(1,IOW)>0)THEN

                          ISA=IDFA(1,IOW)

                          KF=IDFT(2,ISA)

                          TSMN=TSMN+SMNU(IOW)*(FN(KF)+FNO(KF))

                          DO J=1,NBSL(ISA)

                              ISL=LID(J,ISA)

                              AD4=AD4+RSDM(ISL,ISA)*(FN(KF)+FNO(KF))*WSA(ISA)

                          END DO

                          KF=IDFT(1,ISA)

                          TLMN=TLMN+WTMU(ISA)*(FN(KF)+FNO(KF))

                      END IF

                  END DO

                  TSMN=1000.*TSMN

                  TOT=0.

                  AD1=0.

                  TWMP=0.

                  AD2=0. 

                  AD3=0.

                  DO ISA=1,MSA

                      SUM=0.

                      DO J=1,NBSL(ISA)

                          ISL=LID(J,ISA)

                          SUM=SUM+RSDM(ISL,ISA)

                      END DO

                      X2=SUM*WSA(ISA)

                      TOT=TOT+X2

                      AD1=AD1+SM(103,ISA)*WSA(ISA)

                      TWMP=TWMP+WTMU(ISA)

                      IF(IDFH(ISA)>0)THEN

                          AD2=AD2+X2

                          SMMU(ISA)=SMMU(ISA)*WSA(ISA)

                          AD3=AD3+SMMU(ISA)

                      END IF

                  END DO

                  AD1=AD1*XYR

                  X1=SUMA*XYR*SRCH(24,NCMD)

                  TWMP=.001*TWMP

                  SM6=.001*SM6

                  SM7=.001*SM7

                  SM8=.001*SM8

                  DDF1=TMPD+TWMB-TWMP-TSMU-TOT-X1-AD1

                  PER=100.*DDF1/(TMPD+1.E-10)

                  IF(KFL(2)>0)WRITE(KW(2),2304)PER,DDF1,TMPD,TWMB,TWMP,TSMU,TOT,X1,AD1

                  DF=TMPD-TMAF+TWMB-TWMP-TSMU-SYMU-SOFU-AD3-AD2

                  PER=100.*DF/(TMPD+1.E-5)

                  IF(KFL(2)>0)THEN

                      WRITE(KW(2),102)PER,DF,TMPD,TMAF,TWMB,TWMP,TSMU,SYMU,SOFU,AD3,AD2

                      WRITE(KW(2),103)SM6,SM7,SM8

                  END IF    

              END IF

              AD4=1000.*AD4

              TWB(1)=XYR*SRCH(9,NCMD)

              TWB(2)=XYA*XTP(21)

              DF=TBTN-SM134+SRQN-SM42+SM43-SM46+SM53+SM54+SM55-SM82-SM96+SM105-TWB(1)&

              -TWB(2)-AD5-SFTN-TLMN-TSMN-TRMN-TRON-AD4

              PER=100.*DF/SFTN

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(//T10,A/)')'TOTAL N BALANCE (kg)'

                  WRITE(KW(1),2314)PER,DF,TBTN,SRQN,SM42,SM43,SM46,SM53,SM54,SM55,SM82,&

                  SM96,SM105,SM134,(TWB(I),I=1,2),AD5,SFTN,TLMN,TSMN,TRMN,TRON,AD4

                  IF(IHY>0)WRITE(KW(1),2299)SQVL(NCMD),SHYD(NCMD)

              END IF    

              TWB(1)=SM9

              TWB(2)=SMH34

              XY1=10.*XYR

              TWB(3)=XYR*SM71

              TWB(4)=XYR*SM155

              TWB(5)=XYR*SM18

              TWB(6)=XYR*SM19

	          TWB(7)=XYR*SM104

              TWB(8)=SM147*XYR

              TWB(9)=SM146*XYR

              TWB(10)=SM156*XYR

              TWB(11)=XYR*SM110

              DF=BSWB+BGWSB+BRSVB+BSNOB+BSWLB+TWB(1)-TWB(2)-TWB(3)-TWB(4)&

              +TWB(5)+TWB(6)+TWB(7)-TWB(8)-TWB(9)-TWB(10)-TWB(11)-FSWB-&

              FGWSB-FRSVB-FSNOB-FSWLB

              PER=100.*DF/FSWB

              IF(KFL(1)>0)THEN

                  WRITE(KW(1),'(//T10,A/)')'TOTAL WATER BALANCE (m3)'

                  WRITE(KW(1),2312)PER,DF,BSWB,BGWSB,BRSVB,BSNOB,BSWLB,TWB,&

                  FSWB,FGWSB,FRSVB,FSNOB,FSWLB

              END IF    

              TWB(1)=XYA*XTP(3) 

              TWB(2)=XYA*XTP(13)

	          DF=SRYB+SDEG-SDEP+TWB(1)-TWB(2)-SRYF

              PER=100.*DF/(TWB(2)+1.E-10)

              IF(KFL(1)>0)THEN

	              WRITE(KW(1),'(//T10,A/)')'TOTAL SEDIMENT BALANCE'

                  WRITE(KW(1),2315)PER,DF,SRYB,TWB(1),TWB(2),SDEP,SDEG,SRYF

              END IF    

              ! 1 MNX(1) = NUMBER OF Y FOR SECOND THRU LAST SIMULATION.

              ! 2 MNX(2) = 0 FOR NORMAL EROSION OF SOIL PROFILE

              !         = 1 FOR STATIC SOIL PROFILE

              ! 3 MNX(3) = N0 FOR ANNUAL WATERSHED OUTPUT

              !         = N1 FOR ANNUAL OUTPUT                       | N YEAR INTERVAL

              !         = N2 FOR ANNUAL WITH SOIL TABLE              | N=0 SAME AS

              !         = N3 FOR MONTHLY                             | N=1 EXCEPT

              !         = N4 FOR MONTHLY WITH SOIL TABLE             | N=0 PRINTS

              !         = N5 FOR MONTHLY WITH SOIL TABLE AT HARVEST  | OPERATIONS

              !         = N6 FOR N DAY INTERVAL

              !         = N7 FOR SOIL TABLE ONLY N DAY INTERVAL

              !         = N8 FOR SOIL TABLE ONLY DURING GROWING SEASON N DAY INTERVAL

              !         = N9 FOR N DAY INTERVAL DURING GROWING SEASON

              ! 4 MNX(4) = ID NUMBER OF WEATHER VARIABLES INPUT.  RAIN=1,  TEMP=2,

              !           RAD=3,  WIND SPEED=4,  REL HUM=5.  IF ANY VARIABLES ARE INP

              !           RAIN MUST BE INCLUDED.  THUS, IT IS NOT NECESSARY TO SPECIF

              !           ID=1 UNLESS RAIN IS THE ONLY INPUT VARIABLE.

              !           LEAVE BLANK IF ALL VARIABLES ARE GENERATED.  EXAMPLES

              !           NGN=1 INPUTS RAIN.

              !           NGN=23 INPUTS RAIN, TEMP, AND RAD.

              !           NGN=2345 INPUTS ALL 5 VARIABLES.

              ! 5 MNX(5) = TURNS ON .SAO FILE.

              ! 6 MNX(6) = TURNS ON .RCH FILE.

              NN=NGN

              READ(KR(6),3100)(MNX(I),I=1,7)

              IF(MNX(1)==0)EXIT

              NBYR=MNX(1)

              ISTA=MNX(2)

              IPD=MNX(3)

              NGN=MNX(4)

	          KFL(34)=MNX(5)

	          IF(KFL(34)>0)OPEN(KW(34),FILE=ASTN//".SAO")

	          KFL(35)=MNX(6)

	          IF(KFL(35)>0)THEN

                  OPEN(KW(35),FILE=ASTN//".RCH")

	              SMMH=0.

              END IF

	          CALL AISPL(IPD,INP)

              IF(INP>0)THEN

                  NOP=0

              ELSE

                  NOP=1

                  INP=1

              END IF

              IF(IPD<=5)IPYI=INP

              IF(NGN>0)THEN

                  NDWT=0

                  DO ISA=1,MSA

                     NDWT=NDWT+1

	                  CALL WDLYSTA

	              END DO

              END IF

              IPY=1

              DO K=1,MSA

                  NX(K)=K

              END DO

              CALL ARESET

          END DO    ! OUTPUT LOOP

	      REWIND KR(6)

          IF(NGN0>0)THEN

              M=NDWT-1  !NDWT -> NDWT-1, Jaehak 2020, fixed array error.

              DO L=1,M

                  REWIND KRST(L)

              END DO

          END IF

          IGN=IGN+100

          IF(IGN<IGMX*100)THEN

              REWIND KR(1)

              REWIND KR(5)

              GO TO 2140

          ELSE

              IGN=0

          END IF

          CLOSE(KR(1))

          CLOSE(KR(5))

          DO I=2,SIZE(KW)

              CLOSE(KW(I))

          END DO

          CALL ADEALLOCATE

      END DO  ! RUN LOOP

      DO I=1,SIZE(KR)

          CLOSE(KR(I))

      END DO

      ALLOCATE (KW(2*MSA+MSO))

      KW(1)=101

      CALL ATIMER(1)

      CLOSE(KW(1))

      STOP

    3 FORMAT(1X,A4,12F9.0,11X,A4)

   12 FORMAT(T10,'CHANNEL GEOMETRY PARMS'/T15,'WIDTH  = ',2F8.4/T15,&

      'DEPTH  = ',2F8.4/T15,'LENGTH = ',2F8.4)

   16 FORMAT(T23,'--------ID NUMBERS---------'/T10,'COMMAND',6X,'CMD',&

      5X,'OUT',5X,'IN1',5X,'SA#',5X,'IN2',5X,'SA#')

   17 FORMAT(T10,A8,3I8,8X,2I8)

   18 FORMAT(//1X,'______________WATERSHED SUMMARY TABLE________________&

      _'/T10,'AVE ANNUAL SUM OF SUBAREA OUTFLOWS/TOTAL WATERSHED OUTFLOW'/)

   19 FORMAT(11F10.0)   

   24 FORMAT(8X,A2,I8,19X,F12.2,I4,F8.2,F8.3,F8.2,3F8.1)

   33 FORMAT(8X,A2,I8,19X,F12.2,5F8.1,20F8.2)

   35 FORMAT(T89,'_____QRB______'/T16,'OUT',12X,'SA',11X,'WSA',3X,&

      '# FLOWS',2X,'TC',5X,'DR',7X,'ER',6X,'Q',6X,'MEAN',4X,'MAX',5X,&

      '# CH',3X,'VCHA',4X,'VCHB',5X,'# FP',3X,'VFPA',4X,'VFPB'/T8,'CMD',&

      5X,'ID#',9X,'#',7X,'ID',6X,'(ha)',4X,'/y',3X,'(h)',T82,'(mm)',3X,&

      '|---(mm/h)---|',3X,'FLOWS',2X,'|----(m/s)---|',3X,'FLOWS',2X,&

      '|----(m/s)---|')

   36 FORMAT(T16,'OUT',12X,'SA',12X,'WSA',6X,'Q',6X,'SSF',5X,'QRF',5X,&

      'QDR',5X,'RTF',4X,'PIPE',6X,'Y',6X,'DEP',5X,'DEG',4X,'YMNU',6X,&

      'YC',6X,'YN',6X,'QN',6X,'YP',6X,'QP',4X,'SSFN',4X,'QRFN',4X,'QDRN',&

      4X,'RTFN'/T8,'CMD',5X,'ID#',9X,'#',7X,'ID',7X,'(ha)',4X,'|--------&

      ------------(mm)-------------------|',2X,'|----------------(t/ha)-&

      --------------|',1X,'|------------------------(kg/ha)-------------&

      ----------------|')

   39 FORMAT(T10,'SUBAREA CONTAINS LAGOON'/T15,'DRAINAGE AREA = ',F7.2,&

      ' ha'/T15,'NORMAL VOL = ',E12.4,' mm'/T15,'MAX VOL = ',E12.4,' mm'&

      /T15,'DRAW DOWN TIME = ',F6.2,' d'/T15,'WASH WATER = ',F6.3,&

      ' m3/hd/d'/T15,'DESIGN SAFETY FACTOR =',F6.3)

  101 FORMAT(13X,I10)

  102 FORMAT(/5X,'MANURE APPLICATION BALANCE (T)'/5X,'PER =',E13.6,2X,&

      'DF  =',E13.6,2X,'TWMP=',E13.6,2X,'TMAP=',E13.6,2X,'TWMB=',E13.6/&

      5X,'TWMF=',E13.6,2X,'TSMU=',E13.6,2X,'YMFA=',E13.6,2X,'LGOF=',E13.6,&

      2X,'MNFA=',E13.6/5X,'RSFA=',E13.6)

  103 FORMAT(/5X,'LIQUID MANURE APPLIED (T)=',E13.6//5X,'COMMERCIAL FERT &

      APPLIED (T)'/10X,'P=',E13.6/10X,'N=',E13.6)

  104 FORMAT(//8X,'Y',3X,'M',3X,'D',1X,'ISA',1X,'ID#',1X,'NBPQ',12X,'RUN NAME',&

      26X,'WSAha',6X,'QPMX',6X,'QPMN',6X,'QPSD',20(6X,A4))

  105 FORMAT(5X,5I4,I5,1X,A40,F10.3,3F10.2,F10.0,2F10.1,F10.0,10F10.3)      

  140 FORMAT(10F10.0,I10)                     

  316 FORMAT(/T10,'TILLAGE OPERATIONS'/6X,'DATE',T21,'OP',3X,'COST',6X,'MX',&

      6X,'RR',6X,'DP',6X,'FR',5X,'RHT',5X,'RIN',5X,'DKH',5X,'DKI',6X,'HV',&

      6X,'HV',10X,'NRCS',5X,'IRR',6X,'Q/'/6X,'Y M D',3X,'NAME',2X,'CD',&

      2X,'($/ha)',5X,'EF',5X,'(mm)',4X,'(mm)',4X,'COMP',4X,'(mm)',5X,'(m)'&

      4X,'(mm)',5X,'(m)',5X,'EF',5X,'IDX',4X,'CROP',3X,'CN',4X,'TRGR',4X,&

      'VIRR',4X,'HUSC')

  317 FORMAT(5X,3I2,1X,A8,I2,2F8.2,2F8.0,F8.3,F8.0,F8.2,F8.0,2F8.2,F8.3&

      ,5X,F8.1,2F8.2,F8.3)

  326 FORMAT(/2X,A4,1X,'YLD=',F5.1,'/',F5.1,2X,'BIOM=',F5.1,'t/ha',2X,&              

      'YLN=',F5.0,2X,'YLP=',F5.0,2X,'YLK=',F5.0,2X,'FN=',F5.0,2X,'FP=',&

      F5.0,2X,'FK=',F5.0,'kg/ha'/T7,'IRGA=',F5.0,2X,'CAW=',F6.0,'mm',&

      2X,'WUEF=',F7.2,'kg/mm',2X,'RAD=',F7.0,'Mj/m2',2X,'HU=',F7.0,2X,&

      'PSTF=',F5.2)                           

  328 FORMAT(/T10,'FERTILIZER APPLIED'/T11,'DATE',T31,'FT',4X,'EQ',4X,&               

      'TR',4X,'COST',6X,'WT',4X,'DPTH',2X,'|------------FRACTION OF WT--&            

      ----------|'/T9,'Y   M   D',2X,'NAME',7X,'NO',4X,'NO',4X,'NO',4X,&                

      '$/ha',3X,'kg/ha',6X,'mm'6X,'MN',5X,'NH3',6X,'ON',6X,'MP',6X,'OP',&             

      4X,'HUSC')                                                                 

  329 FORMAT(5X,3I4,1X,A8,3I6,F8.2,2F8.0,6F8.3)                                           

  330 FORMAT(T10,'COSTS'/T15,'LIME = ',F7.2,' $/t'/T15,'IRR WATER = ',&

      F7.2,' $/mm'/T15,'FUEL PRICE = ',F7.2,' $/l'/T15,'WAGE PRICE =',&

      F7.2,' $/h')

  373 FORMAT(10E13.5)

  396 FORMAT(8F10.0)

  401 FORMAT(T10,'AUTO HYDRAULICS DESIGN'/T15,'2 Y FREQ 24 H RAINFALL ='&

      ,F6.0,' mm'/T15,'RUNOFF VOL = ',F5.1,' mm'/T15,'CH CAP-WSA EXP = '&

      ,F6.3,/T15,'BASE CH LENGTH = ',F6.2,' km'/T15,'BASE CH SLOPE = ',&

      F8.5,' m/m'/T15,'BASE TC = ',F6.3,' h'/T15,'BASE PEAK FLOW = ',&

      F6.2,' mm/h'/T15,'CH BW/D = ',F4.1/T15,'FP WIDTH/CH WIDTH = ',F6.1&

      /T10,'FLOODPLAIN SAT COND = ',F7.4,' mm/h'/T10,'MAX GROUNDWATER ST&

      ORAGE = ',F5.0,' mm'/T10,'GROUND WATER RESIDENCE TIME = ',F5.0,&

      ' d'/T10,'RF/(RF+DPRK) = ',F6.3/T10,'FRACTION SUBAREA ABOVE PONDS = '&

      ,F6.3/T10,'REACH CH C FACTOR = ',F6.3)

  412 FORMAT(T10,'LAGOON PUMP DATE = ',I4/T10,'SOLID MANURE SCRAPE &

      INTERVAL = ',I4,' d')

  417 FORMAT(/1X,'-----TIME OF CONCENTRATION STATS(h)'/T10,'MEAN = ',&

      F6.2,5X,'MIN = ',F6.2,5X,'MAX = ',F6.2)

  448 FORMAT(/1X,'-----SEDIMENT OF CONCENTRATION STATS(g/m3)'/T10,'MEAN&

      = ',F10.0,5X,'MAX = ',F10.0,5X,'STDV = ',F10.0)

  460 FORMAT(/1X,'-----FREQUENCY & DURATION OF PESTICIDE LOSS(g/ha)'/T35&

      ,'DURATION(d)'/20X,'1',12X,'4',11X,'21',11X,'60',11X,'90')

  461 FORMAT(///1X,'______________WATERSHED SUMMARY TABLE_____________')     

  470 FORMAT(5X,A4,10E12.4)

  472 FORMAT('REACH',I5,I9,I6,50E12.4)

  498 FORMAT(4X,I8,1X,I8,51F10.2)

  508 FORMAT(1X,A5,4X,A80)      

  509 FORMAT(10X,A80)

  526 FORMAT(T10,A8,2X,3I4)

  576 FORMAT(1X,A4,11F10.0,A5)

  577 FORMAT(T7,'STRESS (BIOM) WATER=',F5.1,2X,'N=',F5.1,2X,'P=',F5.1,2X&            

      ,'K=',F5.1,2X,'TEMP=',F5.1,2X,'AIR=',F5.1,2X,'SALT=',F5.1,5X,&                 

      '(ROOT) BD=',F5.1,2X,'ALSAT=',F5.1,2X,'TEMP=',F5.1,'D')                        

  583 FORMAT(T74,'COTL',6X,'COOP',6X,'MTCO',6X,'MASS',6X,'FUEL'/6X,'SA#'&

      ,6X,'ID',4X,'Y M D',5X,'OP',14X,'CROP',2X,'MT#  HC',2X,'EQ  TR',2X&

      ,'|----------($/ha)-----------|',2X,'(kg/ha)',4X,'(l/ha)')

  584 FORMAT(6X,'QS',9X,'Y',8X,'QN',6X,'SSQN',8X,'YN',6X,'DWOC'/5X,&

      '(mm)',6X,'(t/ha)',2X,'|----------(kg/ha)----------|',3X,'(t/ha)')

  585 FORMAT(6X,'SA#',4X,'SAID',6x,'RFmm'7X,'Qmm',4X,'WYLDmm',2X,'RUS2t/ha',&

      5X,'Yt/ha',2X,'YWNDt/ha',2X,'YLDGt/ha',2X,'YLDFt/ha',7X,'WSd',7X,'NSd',&

      7X,'PSd',7X,'KSd',7X,'TSd',7X,'ASd',7X,'SSd',3X,'FNkg/ha',3x,&

      'FPkg/ha',4X,'IRGAmm',6X,'STIR',2X,'FULUl/ha',2X,'DWOCt/ha',3X,&

      'QNkg/ha',1X,'SSFNkg/ha',1X,'QRFNkg/ha',1X,'QDRNkg/ha',1X,&

      'RTFNkg/ha',1X,'DPKNkg/ha',3X,'YNkg/ha',1X,'YNWNkg/ha',1X,&

      'NVOLkg/ha',1X,'DNITkg/ha',1X,'NFIXkg/ha',3X,'QPkg/ha',1X,&

      'SSFPkg/ha',1X,'QDRPkg/ha',1X,'PRKPkg/ha',3X,'YPkg/ha',1X,&

      'YPWNkg/ha',2X,'QPSTg/ha',2X,'LPSTg/ha',2X,'YPSTg/ha',7X,'Qmm',&

      4X,'WYLDmm',5X,'Yt/ha',2X,'TQNkg/ha',3X,'YNkg/ha',3X,'QPkg/ha',&

      3X,'YPkg/ha',2X,'QPSTg/ha',2X,'YPSTg/ha')

  586 FORMAT(1X,2I8,100F10.3)      

  587 FORMAT(8X,'WATERSHED',100F10.3)

  602 FORMAT(19X,'WPM1 = ',A20,2X,'FRACT WSA = ',F6.3/T11,'JAN',6X,'FEB'&

      ,6X,'MAR',6X,'APR',6X,'MAY',6X,'JUN',6X,'JUL',6X,'AUG',6X,'SEP',6X&

      ,'OCT',6X,'NOV',6X,'DEC',6X,' YR')

  603 FORMAT(T11,'JAN',9X,'FEB',9X,'MAR',9X,'APR',9X,'MAY',9X,'JUN',9X,&

      'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,'NOV',9X,'DEC',9X,' YR')

  635 FORMAT(/10X,'SA#= ',I8,1X,'ID= ',I8/T35,'SOIL LAYER NO'/2X,11(6X,&

      A4))

  637 FORMAT(5X,'ELSC=',E13.6,2X,'ELMC=',E13.6,2X,'EBMC=',E13.6,2X,&

      'EHSC=',E13.6,2X,'EHPC=',E13.6)

  639 FORMAT(5X,'ESK =',E13.6,2X,'EEK =',E13.6,2X,'EFK =',E13.6,2X,&

      'ESDK=',E13.6/5X,'ESOK=',E13.6,2X,'EUK1=',E13.6)                    

  646 FORMAT(5X,2I4,2I10,4F10.3)

  649 FORMAT(1X,A4,11F10.3,A5)

  677 FORMAT(/T10,'AUTO IRR EQUIP  = ',A8,2X,'DEPTH = ',F6.3,' m')

  689 FORMAT(T10,'ANIMAL FERT DUMP = ',A8,2X,'DEPTH = ',F6.3,' m',2X,&

      'FERT = ',A8)

  690 FORMAT(T10,'AUTO STOCK PILE MANURE = ',A8,2X,'DEPTH = ',F6.3,' m',&

      2X,'FERT = ',A8)

  691 FORMAT(T10,'AUTO LIQUID MANURE = ',A8,2X,'DEPTH = ',F6.3,' m',&

      2X,'FERT = ',A8/)              

  713 FORMAT(/1X,'-----LIVESTOCK BUY SELL DATA'/T27,'HERD'/T12,'OWNER',&

      1X,'HERD',5X,'SIZE'/6X,'Y M D',3X,'ID  ID',5X,'(HEAD)')

  714 FORMAT(///1X,'____________________LIVESTOCK MANAGEMENT DATA_______&

      _____________'//T20,'HERD',13X,'FRACTION',3X,'GRAZE',4X,'MANURE',&

      5X,'URINE'/4X,'OWNER',1X,'HERD',5X,'SIZE',5X,'MANURE',3X,'IN FEED'&

      ,4X,'RATE',6X,'PROD',6X,'PROD',/7X,'ID  ID',5X,'(HEAD)',7X,'ID',5X&

      ,'AREA',T46,'(kg/hd/d)',1X,'(kg/hd/d)',1X,'(l/hd/d)')

  716 FORMAT(T10,'AUTO FERT EQUIP = ',A8,2X,'DEPTH = ',F6.3,' m',2X,&

      'FERT = ',A8)

  729 FORMAT(3X,'SA# SAID   YR  YR#',5X,'Q',5X,'SSF',5X,'PRK',4X,'QDRN',&

      7X,'Y',5X,'YOC',5X,'PSTN',14X,'PAPL',9X,'PSRO',9X,'PLCH',9X,'PSSF'&

      ,9X,'PSED',9X,'PDGF',9X,'PDGS',9X,'PDRN',9X,'PRSF'/23X,'|---------&

      ---(mm)------------|  (t/ha)',2X,'(t/ha)',17X,'|-----------------&

      --------------------------------(g/ha)----------------------------&

      --------------------|')          

  811 FORMAT(10I8)

  848 FORMAT(5X,3I2,1X,2I4,I10)

  854 FORMAT(/10X,A80)

  856 FORMAT(7X,A20,2X,A4)

  857 FORMAT(I9,1X,'AVEAN',4X,4F10.2,10X,5(A10,50X,7F10.2,20X,2F10.2))

  859 FORMAT(1X,'AVEAN',I6,I9,I5,1X,E9.3,6F10.2,F10.0,13F10.2,5F10.1,&

      9F10.2,F10.1,60X,6(2F10.2,90X,7F10.2,A10))

  900 FORMAT(T49,'_______WATER CONTENT________   ___SAT COND__    __BULK &

      DEN___   ___________TEXTURE__________  CROP',12X,'SUM',13X,'AL',&

      12X,'P SORP',3X,'_______MIN P_______',5X,'ORG',5X,'NO3',5X,'ORG',&

      5X,'ORG'/8X,'SUBAREA',T31,'LAY',4X,'DEPTH',4X,'POR',5X,'FC',6X,&

      'WP',4X,'CURNT',4X,'VERT',4X,'HORZ',4X,'33KPA  OV DRY',4X,'SAND',&

      4X,'SILT',4X,'CLAY',4X,'ROCK',4X,'RSD'5X,'PH',6X,'BASE',4X,'CEC',&

      4X,'SAT',5X,'CACO3',4X,'RTO',4X,'LAB',5X,'ACT',5X,'STB',6X,'P',7X,&

      'N',7X,'N',7X,'C'/7X,'#',6X,'ID',3X,'YR',1X,'YR#',2X,'MO',2X,'NO',&

      5X,'(m)',4X,'------------(m/m)-----------',3X,'---(mm/h)----',5X,&

      '--(t/m3)---',5X,'------------(%)-------------',2X,'(t/ha)',11X,&

      '-(cmol/kg)--',4X,'-----(%)-----',11X,&

      '---------------------(g/t)------------------',4X,'(%)')           

  934 FORMAT(10X,'WATERSHED AREA = ',F10.2,' ha',T84,20(A16,6X))

  935 FORMAT(10X,'WATERSHED AREA = ',F10.2,' ha',T126,20(A16,18X))

  937 FORMAT(2X,'JDA   YR',T19,'WYLDmm',11X,'Yt/ha',11X,'YNkg/ha',10X,&

      'YPkg/ha',10X,'QNkg/ha',10X,'QPkg/ha',1X,20(9X,'QPSTg/ha',9X,&

      'YPSTg/ha'))

  938 FORMAT(3X,'YR',3X,'MO',6X,'WYLDmm',6X,'Yt/ha',4X,'YNkg/ha',4X,&

      'YPkg/ha',4X,'QNkg/ha',4X,'QPkg/ha',20(3X,'QPSTg/ha',3X,'YPSTg/ha'))

  939 FORMAT(2X,'JDA   YR',T19,'WYLDmm',11X,'Yppm',12X,'YNppm',12X,&

      'YPppm',12X,'QNppm',12X,'QPppm')    

1001 FORMAT(20X,'1',11X,'2',11X,'3',11X,'4',11X,'5',11X,'6',11X,'7',&

      11X,'8',11X,'9',10X,'10',10X,'11',10X,'12',10X,'13',10X,'14',10X,&

      '15',10X,'16',10X,'17',10X,'18',10X,'19',10X,'20',10X,'21',10X,'22',&

      10X,'23',10X,'24',10X,'25',10X,'26',10X,'27',10X,'28',10X,'29',10X,&

      '30',10X,'31',10X,'32',10X,'33',10X,'34',10X,'35',10X,'36',10X,'37',&

      10X,'38',10X,'39',10X,'40',10X,'41',10X,'42',10X,'43',10X,'44',10X,&

      '45',10X,'46',10X,'47',10X,'48',10X,'49',10X,'50',10X,'51',10X,'52',&

      10X,'53',10X,'54'/7X,'YR',6X,'PRCPmm',8X,'ETmm',9X,'Qmm',7X,'SSFmm',&

      6X,'RSSFmm',7X,'QRFmm',7X,'QDRmm',7X,'PRKmm',6X,'IRGAmm',&

      8X,'WYmm',7X,'Yt/ha',4X,'YWNDt/ha',5X,'QNkg/ha',3X,'SSFNkg/ha',3X,&

      'QRFNkg/ha',3X,'RSFNkg/ha',5X,'YNkg/ha',3X,'YNWNkg/ha',3X,&

      'QDRNkg/ha',3X,'PRKNkg/ha',5X,'DNkg/ha',3X,'AVOLkg/ha',3X,&

      'NFIXkg/ha',4X,'FNOkg/ha',3X,'FNMNkg/ha',3X,'FNMAkg/ha',5X,&

      'QPkg/ha',5X,'YPkg/ha',3X,'YPWNkg/ha',3X,'PRKPkg/ha',4X,'FPOkg/ha',&

      4X,'FPLkg/ha',5X,'QCkg/ha',5X,'YCkg/ha',3X,'YCWNkg/ha',&

      4X,'RFNkg/ha',4X,'YLNkg/ha',4X,'YLPkg/ha',4X,'BTNkg/ha',4X,'BTPkg/ha',&

      4X,'FTNkg/ha',4X,'FTPkg/ha',4X,'BTCkg/ha',4X,'FTCkg/ha',3X,&

      'BPDPkg/ha',3X,'FPDPkg/ha',3X,'BSLTkg/ha',3X,'FSLTkg/ha',3X,&

      'BTC1kg/ha',3X,'FTC1kg/ha',2X,'RUS2A1t/ha',7X,'YTHSd',7X,'YWTHd',3X,&

      'QDRPkg/ha')

 2072 FORMAT(T31,'RFV',7X,'Q',5X,'SSF',5X,'YSD',10(23X,'PSRO',8X,'PSSF',&

      8X,'PSED',4X)/6X'SA#',6X,'ID',4X,'Y M D',2X,'|----------(mm)------&

      --|',1X,'(t/ha) ',15(3X,'PSTN',11X,'|--------------(g/ha)---------&

      -----|',1X))     

 2073 FORMAT(/T5,'APEX1501 v20230328',2X,3I4,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

 2111 FORMAT(/T52,'_____________CHANNEL_____________   ________UPLAND___&

      ______',T172,'INITIAL COND'/14X,'SA',9X,'WSA',6X,'XCT',6X,'YCT',6X&

      ,'L',8X,'d',8X,'S',8X,'N',8X,'S',8X,'SL',7X,'N',8X,'SL',7X,'TC',&

      16X,'GWST',5X,'GWMX',3X,'GWRESTM',6X,'SNO',6X,'STD',T207,'BFFL',&

      T270,'SATK'/11X,'#',7X,'ID',4X,'(ha)',5X,'(km)',5X,'(km)',5X,&

      '(km)',5X,'(m)',5X,'(m/m)',13X,'(m/m)',5X,'(m)',T116,'FACT',5X,&

      '(h)',4X,'RF/DPRK',5X,'(mm)',5X,'(mm)',6X,'(d)',5X,'(mm)',5X,'(t)',&

      5X,'URBF',5X,'BCOF',7X,'(m)',6X,'CN2',T225,'SOIL',T244,'OPSC',&

      T263,'NVCN',3X,'(mm/h)',T282,'FWTH')

 2112 FORMAT(5X,'ISA',4X,'NBSA',4X,'Y   M   D',8X,'CN',7X,'SCI',5X,'RFVmm',&

      4X,'STMP2c',5X,'SMLmm',7X,'Qmm',5X,'SSFmm',5X,'QRFmm',4X,'RSSFmm',&

      4X,'WYLDmm',3X,'QRBmm/h',7X,'TCh',6X,'DURh',6X,'ALTC',7X,'AL5',3X,&

      'REPmm/h',4X,'RZSWmm',4X,'GWSTmm')           

 2122 FORMAT(T7,A4,100F10.2)

 2123 FORMAT(T7,A4,100F10.0)

 2124 FORMAT(T10,A80,F8.4)      

 2126 FORMAT(/T43,'________________________________CHANNEL______________&

      ________________    ______FLOODPLAIN_______'/14X,'SA',9X,'WSA',6X,&

      'RWSA',7X,'L',8X,'d',7X,'S',8X,'BW',7X,'TW',8X,'N',7X,'C',9X,'K',&

      8X,'W',8X,'L',7X,'S'/11X,'#',7X,'ID ',3X,'(ha)',5X,'(ha)',5X,&

      '(km)',6X,'(m)',4X,'(m/m)',6X,'(m)',6X,'(m)',33X,'(m)',5X,'(km)',&

      4X,'(m/m)')

 2128 FORMAT(/T35,'_EMERG SPLWAY_     _____PRINC SPLWAY_____'/T36,'SURF'&

      ,T54,'SURF',T71,'FLOOD',4X,'_____INIT_____',4X,'NORM',5X,'HYD',6X,&

      'SETTL'/17X,'SA',7X,'WSA',6X,'AREA',6X,'VOL',5X,'AREA',6X,'VOL',3X,&

      'ST REL',6X,'VOL',4X,'SED C    SED C',3X,'COND',7X,'TIME'/10X,'#',8X&

      ,'ID',5X,'(ha)',5X,'(ha)',5X,'(mm)',5X,'(ha)',5X,'(mm)',5X,&

      '(d)',6X,'(mm)',4X,'____(g/m3)____',2X,'(mm/h)',7X,'(d)')

 2129 FORMAT(//6X,'SAID',2X,'YR',2X,'MO',4X,4(1X,2A4,1X),A10,&

      5(1X,A8,1X,11(1X,2A4,1X),4(A8,2X)))

 2142 FORMAT(//6X,'SAID',5X,'GIS',2X,'TIME',2X,'WSAha',4X,34(1X,2A4,1X),&

      ' WOCt/ha  ','PCTI200um',1X,'PCTI10um',2X,'PCTI2um',3X,'PCTO200um',1X,&

      'PCTO10um',2X,'PCTO2um',2X,5(2X,'YLDGt/ha',2X,'YLDFt/ha',17&

      (2X,2A4),5X,'CPNM-'))

 2143 FORMAT(5X,'RUN # = ',I4,2X,'SUBAREA FILE = ',A80)

 2151 FORMAT(T10,A8,5I8)

 2157 FORMAT(1X,6F10.3)

 2162 FORMAT(//6X,'RCID',6X,'GIS',2X,'TIME',3X,'WSAha',5X,35(1X,2A4,3X),&

      1X,'PCTI200um',3X,'PCTI10um',4X,'PCTI2um',5X,'PCTO200um',3X,&

      'PCTO10um',4X,'PCTO2um')

 2232 FORMAT(//T10,'SA#=',I8,1X,'ID=',I8)

 2281 FORMAT(10X,3F10.2)

 2282 FORMAT(1X,2I8,I4,1X,A4,2F5.1,3F5.0,F10.3,F6.0,8F8.3,2F6.0,F6.1,&

      2F6.0,F6.0)

 2284 FORMAT(/10X,'AVE ANNUAL VALUES'/11X,'SA',6X,'OWN',5X,'YLD1',1X,&

      'YLD2',1X,'YLN',2X,'YLP',2X,'COW',5X,'WSA',5X,'Q',7X,'Y',6X,'QP',&

      6X,'YP',6X,'QN',4X,'SSFN',4X,'RSFN',4X,'PRKN',6X,'YN',6X,'FP',4X,&

      'FN',3X,'MAP',3X,'AP0',3X,'APF',3X,'CSP'/8X,'#',6X,'ID',3X,&

      '# CROP',1X,'|--t/ha-| |-kg/ha-|',2X,'HD',6X,'HA',6X,'mm',4X,&

      't/ha',3X,'|-----------------------------kg/ha--------------------&

      ----------|',2X,'t/ha',1X,'|---g/t---|',2X,'g/m3')

 2299 FORMAT(//T10,'FLOOD ROUTING SUMMARY WATERSHED OUTLET'/T10,&

      'SUM QVOL = ',E16.6,' mm',2X,'SUM HVOL = ',E16.6,' mm')

 2302 FORMAT(8X,A2,I8,2X,I8,1X,I8,F12.2,6F8.1,20F10.2)

 2303 FORMAT(4X,A5,27X,2F5.0,I5,30E16.6)

!2303 FORMAT(4X,A5,27X,2F5.0,I5,F10.3,F6.0,8F8.3,2F6.0,F6.1,12X,3F6.2)      

 2304 FORMAT(//5X,'MANURE BALANCE (T)'/5X,'PER =',E13.6,2X,'DF  =',E13.6,&

      2X,'TMPD=',E13.6,2X,'TWMB=',E13.6,2X,'TWMF=',E13.6/5X,'TSMU=',E13.6,&

      2X,'RSDM=',E13.6,2X,'YMNU=',E13.6,2X,'MNMU=',E13.6)            

 2308 FORMAT(7X,I4,2F10.2)

 2309 FORMAT(1X,4F10.4,6F10.3)

 2312 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BSW =',D13.6,2X,&

      'BGWS=',D13.6,2X,'BRSV=',D13.6,2X,'BSNO=',D13.6/5X,'BSWL=',D13.6,&

      2X,'PCP =',D13.6,2X,'WYLD=',D13.6,2X,'DPRK=',D13.6,2X,'ET  =',&

      D13.6,2X,'IRG =',D13.6/5X,'QIN =',D13.6,2X,'PSOQ=',D13.6,2X,&

      'EVRT=',D13.6,2X,'RSIR=',E13.6,2X,'WLIR=',E13.6,2X,'IRDL=',D13.6/&

      5X,'FSW =',D13.6,2X,'FGWS=',D13.6,2X,'FRSV=',D13.6,2X,'FSNO=',&

      D13.6,2X,'FSWL=',D13.6)

 2313 FORMAT(3X,'WSA(ha)   CHL(km)  CHS(m/m)   FPL(km)     Q(mm)',5X,&

      'Y(t/ha) YN(kg/ha) YP(kg/ha) QN(kg/ha) QP(kg/ha)')

 2314 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BSN =',D13.6,2X,&

      'PCP =',D13.6,2X,'DN  =',D13.6,2X,'NFIX=',D13.6/5X,'VOL =',D13.6,2X,&

      'FNO =',D13.6,2X,'FNMN=',D13.6,2X,'FNMA=',D13.6,2X,'BURN=',D13.6,2X,&

      'DPKN=',D13.6/5X,'PSON=',D13.6,2X,'YNWN=',D13.6,2X,'YN  =',D13.6,2X,&

      'WYLN=',D13.6,2X,'YLN =',D13.6,2X,'FSN =',D13.6/5X,'TLMN=',D13.6,2X,&

      'TSMN=',D13.6,2X,'TRMN=',D13.6,2X,'TRON=',D13.6,2X,'RSDN=',D13.6)                

 2315 FORMAT(5X,'PER =',D13.6,2X,'DF  =',D13.6,2X,'BRSY=',D13.6,2X,&

      'YS  =',D13.6,2X,'YW  =',D13.6,2X,'DEP =',D13.6/5X,'DEG =',D13.6,&

      2X,'RSYF=',D13.6/)

 2320 FORMAT(I4,6F8.0)

 2410 FORMAT(4X,'1',6X,'2',6X,'3',6X,'4',6X,'5',6X,'6',6X,'7',6X,'8',&

      6X,'9',5X,'10',5X,'11',5X,'12',5X,'13',5X,'14',5X,'15',5X,'16',5X,&

      '17',5X,'18',5X,'19',5X,'20')

 2420 FORMAT(5X,3I2,F8.1,F8.2)

 2450 FORMAT(T10,'PEAK RATE-EI ADJ FACTOR = ',F6.3/T10,'AVE N CONC IN RA&

      INFALL = ',F5.2,' ppm'/T10,'CONC OF N IN IRRIGATION WATER = ',&

      F6.1,' ppm'/T10,'MANURE APP FOR P UPTAKE RATE = ',F6.0,' kg/ha/y'/&

      T10,'MANURE APP FOR N UPTAKE RATE = ',F6.0,' kg/ha/y'/T10,&

      'MNUL = ',I3)

 2460 FORMAT(/1X,'-----CURVE NUMBER DISTRIBUTION'/T10,'>95=',F5.2,3X,'>&

      90=',F5.2,3X,'>85=',F5.2,3X,'>80=',F5.2,3X,'>75=',F5.2,3X,'>70=',&

      F5.2,3X,'>65=',F5.2,3X,'>60=',F5.2,3X,'>55=',F5.2,3X,'<55=',F5.2)

 2470 FORMAT(3I3,4I5,7F8.0)

 2480 FORMAT('+',T114,A4)

 2510 FORMAT(2F8.0)

 2520 FORMAT(T10,'PERIOD OF RECORD FOR P5MX =',F4.0,' Y')

 2540 FORMAT(I5,E13.5,2F10.3,2E13.5)

 2550 FORMAT(1X,A4,13F9.1,2X,A4)

 2560 FORMAT(T10,'FURROW DIKE SYSTEM SAFETY FACTOR = ',F5.2)

 2570 FORMAT(/1X,'-----MISCELLANEOUS PARAMETERS'//T10,'PARM',9X,'SCRP1I'&

      ,4X,'SCRP2I',4X,'SCRP1C',7X,'SCRP2C')

 2590 FORMAT(/T10,'IRRIGATION WATER APPLIED'/6X,'Y M D',2X,'VOL(mm)',&

      3X,'HUSC')

 2950 FORMAT(//1X,'-----WIND EROSION DATA')

 2960 FORMAT(T10,'FIELD LENGTH = ',F6.2,' km'/T10,'FIELD WIDTH = ',F6.2,&

      ' km'/T10,'FIELD ANGLE = ',F4.0,' deg'/T10,'WIND SPEED MOD EXP P&

      OWER PARM = ',F5.2/T10,'ACCELERATED WIND EROSION FACTOR = ',F7.3)

 3000 FORMAT(T10,'SOIL ALBEDO = ',F5.2/T10,'MAX NUMBER SOIL LAYERS = ',&

      I3/T10,'MIN THICKNESS FOR LAYER SPLITTING = ',F5.2,' m'/T10,&

      'MIN PROFILE THICKNESS--STOPS SIMULATION = ',F5.2,' m'/T10,&

      'SPLITTING PRIORITY THICKNESS = ',F5.2,' m'/T10,'BIOMASS/ORG C = '&

      ,F6.3/T10,'PASSIVE HUMUS/TOTAL HUMUS = ',F6.3/T10,'WEATHERING CODE&

       = ',F4.0/T10,'ORG C IN TOP .2 M = ',F6.3,' %'/T10,'CULT HISTORY =&

       ',F5.0,' Y')

 3001 FORMAT(T10,'WATER TABLE'/T15,'ANTECEDENT PERIOD FOR RF & PET &

      ACCOUNTING = ',I4,' d'/T15,'DEPTH(m)'/T15,'MIN= ',F6.2/T15,'MAX = ',&

      F6.2,/T15,'INITIAL = ',F6.2)

 3010 FORMAT(1X,A4,12F9.2,11X,A4)

 3030 FORMAT(//I5,6(2X,A4,E12.4)/(5X,6(2X,A4,E12.4)))

 3050 FORMAT(/1X,'-----AVE MO VALUES')

 3060 FORMAT(8X,A8,8F8.2/(10F8.3))

 3070 FORMAT(/1X,'-----GENERATOR SEEDS AFTER',I3,' CYCLES'/(5X,13I12))

 3090 FORMAT(20A4)          

 3100 FORMAT(20I4)            

 3110 FORMAT(T10,'SIMULATION DURATION = ',I4,' Y'/T10,'BEGINNING DATE =&

      ',I4,2I2)

 3111 FORMAT(20F8.0)

 3112 FORMAT(10F12.0)       

 3113  FORMAT(20F8.2)

 3114 FORMAT(10F8.2)

 3120 FORMAT(10F8.0)

 3121 FORMAT(4X,I8,1X,I8,5F9.2,F9.4,F9.3,F9.4,F9.1,4F9.3,2F9.0,2F9.1,&

      F9.2,2F9.3,F9.2,F9.1,1X,A20,1X,A20,1X,I4,F9.3,1X,A80)

 3122 FORMAT(4X,I8,1X,I8,F9.2,F9.0,2F9.2,F9.4,2F9.2,F9.3,F9.4,F9.3,F9.1,&

      F9.2,F9.4)

 3123 FORMAT(4X,I8,1X,I8,2F9.1,F9.0,F9.1,F9.0,F9.2,3F9.0,F9.3,F9.0)

 3140 FORMAT(T15,'RUNOFF RATIO = ',F6.3)

 3191 FORMAT(12F6.0)      

 3200 FORMAT(1X,A4,13F9.0,2X,A4)

 3280 FORMAT(35X,'SIM DUR=',I4,' YR'/T11,'JAN',6X,'FEB',6X,'MAR',6X,&

      'APR',6X,'MAY',6X,'JUN',6X,'JUL',6X,'AUG',6X,'SEP',6X,'OCT',6X,&

      'NOV',6X,'DEC',6X,' YR')

 3281 FORMAT(35X,'SIM DUR=',I4,' YR'/T11,'JAN',9X,'FEB',9X,'MAR',9X,&

      'APR',9X,'MAY',9X,'JUN',9X,'JUL',9X,'AUG',9X,'SEP',9X,'OCT',9X,&

      'NOV',9X,'DEC',9X,' YR')

 3282 FORMAT(9X,'SUBAREA'/8X,'#',6X,'ID',3X,'YR',1X,'YR#',T35,'JAN',10X,&

      'FEB',10X,'MAR',10X,'APR',10X,'MAY',10X,'JUN',10X,'JUL',10X,'AUG',&

      10X,'SEP',10X,'OCT',10X,'NOV',10X,'DEC',10X,'YR')

 3283 FORMAT(T34,'RFV',9X,'Q',7X,'SSF',7X,'YSD',17X,12(6X,A4)&

      /6X,'SA#',6X,'ID',3X,'Y',3X,'M',2X,'D',4X,'|------------(mm)------&

      ------|',2X,'(t/ha)',4X,'PSTN',8X,'|---------------------------&

      ----------------------------(g/ha)--------------------------------&

      --------------------------|')

 3284 FORMAT(3X,'YR ',21(4X,A4,2X))

 3285 FORMAT(/6X,'SA#',6X,'ID',4X,'Y   M   D  Y# ON# HD#',3X,'OPER',3X,&

      'CROP',2X,'YLDkg/ha',2X,'YSDkg/ha',2X,'HAYkg/ha',2X,'AGPMt/ha',3X,&

      'STLt/ha',3X,'STDt/ha',3X,'CNLVg/g',3X,'CNDDg/g')      

 3286 FORMAT(T52,'AP RATE',3X,'MN',5X,'NH3',6X,'ON',6X,'MP',6X,'OP'/6X,&

      'SA#',6X,'ID',4X,'Y M D  Y# ON# HD#',4X,'FERT',5X,'|--------------&

      ----(kg/ha)--------------------|')

 3287 FORMAT(/5X,'ORDER',1X,'|--SA--|',3X,'DP10'/8X,'#',4X,'#',2X,'ID',&

      3X,'(kg/ha)',5X,'FRACT',5X,'ACCUM')

 3288 FORMAT(4X,'CMD',5X,'IDO',5X,'ID#',3X,'Y   M   D',3X,'QPm3/s',7X,&

      'TPh',7X,'Qmm',5X,'SMQmm',5X,'SMHmm')

 3300 FORMAT(1X,A4,13F9.2,2X,A4)

 3301 FORMAT(1X,A4,13F9.3,2X,A4)

 3302 FORMAT(1X,A4,13E12.4,2X,A4)

 3320 FORMAT(/1X,'-----PEAK FLOW RATE STATS(mm/h)',T70,'UNIT PEAKS(1/h)&

      '/T10,'MAX = ',F9.2,5X,'MEAN = ',F6.2,5X,'ST DV = ',F6.2,5X,'MAX =&

       ',F10.4,5X,'MEAN = ',F9.4,5X,'NO PKS = ',I6)

 3360 FORMAT(T10,'TILE DRAIN DEPTH = ',F5.2,' m'/T10,'DRAIN TIME = ',F5.&

      2,' d'/T10,'DRAINAGE RATE = ',F6.1,' mm/h')

 3370 FORMAT(/T10,'FERTILIZER APPLIED'/T7,'DATE   ID',T32,'WT',3X,'DPTH'&

      ,4X,'|-----------FRACTION OF WT------------|'/6X,'Y M D',2X,'NO',&

      3X,'NAME',6X,'(kg/ha)',2X,'(m)',5X,'MIN N',3X,'NH3',5X,'ORG N',3X,&

      'MIN P',3X,'ORG P',3X,'HUSC')

 3380 FORMAT(3X,I4,2I2,I4,2X,A8,1X,F8.0,7F8.3)

 3381 FORMAT('1'/T5,'APEX1501 ver.20230328',2X,I4,2I2,2X,2(I2,':'),I2)    ! Added date to the version - Luca Doro

 3390 FORMAT(T10,'COSTS'/T15,'N FERT = ',F5.2,' $/KG'/T15,'P FERT = ',&

      F5.2,' $/KG'/T15,'LIME = ',F5.2,' $/t',/T15,'IRR WATER = ',F5.2,& 

      ' $/mm')

 3440 FORMAT(T2,A4,12F9.1,11X,A4)

 3460 FORMAT(T2,A4,12F9.3,11X,A4)

 3536 FORMAT(T15,'HERD ID=',I3,2X,'NUM=',I15,' HD',2X,'FEED AREA TIME=',&

      F6.2,' H/D',2X,'GRAZE LIMIT=',F5.2,' t/ha')

 3540 FORMAT(//1X,'____________________GENERAL INFORMATION______________&

      _______'/)

 3620 FORMAT(T15,'MAX ANNUAL VOL APPL TO A CROP = ',F6.0,' mm'/T15,'MIN &

      SINGLE APPL VOL = ',F6.0,' mm'/T15,'MAX SINGLE APPL VOL = ',F6.0,&

      ' mm')

 3630 FORMAT(T15,'SOIL-WATER TENSION TRIGGER = ',F5.0,' KPA'/T15,'MIN AP&

      PL INTERVAL = ',I3,' d')

 3650 FORMAT(/T10,'__________RAIN,',2(1X,A4,','),' ARE INPUT__________')

 3660 FORMAT(/T10,'__________RAIN,',3(1X,A4,','),' ARE INPUT__________')

 3670 FORMAT(/T10,'__________RAIN,',4(1X,A4,','),' ARE INPUT__________')     

 3680 FORMAT(T15,'PLANT WATER STRESS TRIGGER = ',F5.2/T15,'MIN APPL INT&

      ERVAL = ',I3,' d')

 3730 FORMAT(T10,'LATITUDE = ',F7.2,' deg'/T10,'LONGITUDE = ',F7.2,&

      ' deg'/T10,'ELEVATION = ',F7.1,' m')

 3750 FORMAT(T10,'CO2 CONC IN ATMOSPHERE = ',F6.0,' ppm')

 3770 FORMAT(6X,9(1X,A4,1X,E12.4))

 3850 FORMAT(/T10,'PESTICIDES APPLIED'/T26,'RATE',4X,'KILL',4X,'COST'/&

      6X,'Y M D',2X,'NAME',6X,A7,3X,'EFF',4X,'($/KG)',3X,'HUSC')

 3860 FORMAT(5X,3I2,2X,A8,4F8.2)

 3880 FORMAT(/10X,A16,3F10.0,F10.2,F10.0,F10.2)                          

 3900 FORMAT(T43,'HALF LIFE(DAYS) WASH OFF',T82,'COST'/T13,'NAME',10X,&

      'SOLUBILITY',6X,'SOIL',3X,'FOLIAGE',2X,'FRACTION',6X,'KOC',5X,'($/&

      kg)')

 3910 FORMAT(/11X,10(2X,A8,2X))

 3920 FORMAT(5X,A4,10F10.0)

 3950 FORMAT(5X,A4,10F10.4)

 3970 FORMAT(T10,'HYDROLOGIC SOIL GROUP = ',A1/T10,'LAND USE NUMBER = ',I3&

      /T10,'RUNOFF CN2 = ',F4.1/T10,'SLP ADJ CN2 = ',F4.1/T10,&

      'PARM(92)_ADJ = ',F4.1/T10,'CN SCRV SCRP(35)= ',2F6.0/T10,&

      'CN CNSC(4)= ',2E13.5)

 3990 FORMAT(11X,'SA'/8X,'#',6X,'ID',4X,'Y   M   D ',13X,'GWST',8X,&

      'GWEL',100(8X,A4))      

 4080 FORMAT(T15,'PAW DEFICIT TRIGGER = ',F5.0,' mm'/T15,'MIN APPL INTE'&

      ,'RVAL = ',I3,' d')

 4081  FORMAT(6X,'SA#',6X,'ID',3X,'YR YR#',60(8X,A4))

 4082 FORMAT(11X,'SA'/8X,'#',6X,'ID',4X,'Y   M   D',6X,'CPNM',100(6X,A4))

 4083 FORMAT(4X,'Y   M   D',100(8X,A4))

 4084 FORMAT(7X,'SA',T31,'RFRA',7X,'QSA',8X,'QI',8X,'EV',8X,'SP',8X,&

      'QO',7X,'RSV',6X,'RSVP',6X,'RSVE',8X,'YI',8X,'YO',7X,'DEP',6X,'RSSA',&

      T220,'SW BY LAYER'/4X,'#',2X,'ID',4X,'Y   M   D',3X,'|----------------&

      --------------------------(M3)------------------------------------------|',&

      1X,'|-----------(t/ha)----------|',4X,'(ha)')

 4085 FORMAT(9X,'SA#',7X,'ID',5X,'WSAha',7X,'CN2',7X,'YW0',2X,'OCPDt/ha',&

      6X,'FSFN',6X,'FSFP',3X,'PRBmm/h',2X,'PRAVmm/h',5X,'TCMNh',3X,&

      'CYAVppm',3X,'CYMXppm',40(5X,A4,1X))

 4087 FORMAT(8X,A2,I8,2X,I8,1X,I8,F12.2,I4,F8.2,F8.3,F8.2,3F8.1,I8,2F8.3&

      ,I8,2F8.3)

 4088 FORMAT(5X,'ENMN=',E13.6,2X,'ENMA=',E13.6,2X,'EON =',E13.6,2X,&

      'ESDN=',E13.6,2X,'ESON=',E13.6,2X,'EUNM=',E13.6/5X,'ENMU=',&

      E13.6,2X,'ENOU=',E13.6)

 4089 FORMAT(5X,'EPML=',E13.6,2X,'EPMA=',E13.6,2X,'EPMS=',E13.6,2X,&

      'EPO =',E13.6,2X,'EFOP=',E13.6,2X,'ESDP=',E13.6/5X,'ESOP=',E13.6,&

      2X,'EUPM=',E13.6,2X,'EPMU=',E13.6,2X,'EPOU=',E13.6)

 4091 FORMAT(6X,'SA#',6X,'ID',3X,'YR',2X,'YR#',1X,'CPNM',4X,'YLDG',6X,&

      'YLDF',6X,'BIOM',8X,'WS',8X,'NS',8X,'PS',8X,'KS',8X,'TS',8X,'AS',&

      8X,'SS',6X,'ZNO3',7X,'ZQP',6X,'AP15',7X,'ZOC',6X,'OCPD',6X,'RSDP',&

      6X,'ARSD',6X,'IRGA',8X,'FN',8X,'FP',6X,'FNMN',6X,'FNMA',7X,'FNO',&

      7X,'FPL',7X,'FPO',6X,'YTHS',6X,'YWTH')

 4094 FORMAT(5X,'ISA = ',I4,2X,'BEGINNING RZSW = ',F10.1,' M3')

 4993 FORMAT(12X,6F11.0)

 5005 FORMAT('AVEAN',I6,I9,I6,50E12.4)	    

 5007 FORMAT(/T10,'LAND USE SUMMARY'/T25,'AREA'/10X,'CROP',5X,'(ha)',4X,&

      'FRACTION',2X,'YLDt/ha')

 5008 FORMAT(10X,A4,F10.1,2F10.3)

 5012 FORMAT(/T10,'WIND DIRECTION SUMMARY'/T15,'N= ',F6.3,2X,'NNE= ',&

      F6.3,2X,'NE= ',F6.3,2X,'ENE= ',F6.3,2X,'E= ',F6.3,2X,'ESE= ',F6.3,&

      2X,'SE= ',F6.3,2X,'SSE= ',F6.3,2X,'S= ',F6.3,2X,'SSW= ',F6.3,2X,&

      'SW= ',F6.3,2X,'WSW= ',F6.3,2X,'W= ',F6.3,2X,'WNW= ',F6.3,2X,&

      'NW= ',F6.3,2X,'NNW= ',F6.3)

 5016 FORMAT(/T10,'DUST DISTRIBUTION SUMMARY'/T15,'SA(#  ID)',2X,&

      'PM10(kg/ha)   FRACTION     ACCUM')

 5017 FORMAT(15X,2I8,3E13.5)

 5018 FORMAT(11X,'TOTAL DP10=',E13.5,' KG',2X,'EM10=',E13.5,' KG')

 5031 FORMAT(10X,A80)

 5034 FORMAT(1X,'RUN NAME  ',' SITE FILE  ','SOIL FILE   ',&

      'MANAGEMENT  ','RUN#IRO# WS#',' YR  RT#',38(4X,A4),4X,'OCPD',4X,&

      ' TOC',4X,'ITOC',4X,'APBC',4X,' TAP',4X,'TNO3',2X,'CROP',4X,&

      ' STD',4X,' STL',4X,' LAI',4X,'YLDG',4X,'YLDF',4X,'BIOM',4X,&

      'YLDN',4X,'YLDP',2X,'CROP',4X,' STD',4X,' STL',4X,' LAI',&

      4X,'YLDG',4X,'YLDF',4X,'BIOM',4X,'YLDN',4X,'YLDP')

      END

      

      

      

      

      






src/modparm.f90

      MODULE PARM

      !IMPLICIT REAL*8 (A-H,O-Z)

      CHARACTER(80)::FCROP,FFERT,FHERD,FMLRN,FOPSC,FPARM,FPEST,&

      FPRNT,FSITE,FSOIL,FSUBA,FTILL,FTR55,FWIND,FWLST,FWPM,SAFILE,&

      SITEFILE

      CHARACTER(80)::FWTH(1000)

	   CHARACTER(4)::TITLE(60),SID(11),HDRP(5),HEDP(13),HEDR(20),HEDC(17)&

      ,HEDS(20)

	   CHARACTER(2)::CMDX(5)

	   CHARACTER(80),DIMENSION(:),ALLOCATABLE::FPSO

	   CHARACTER(20),DIMENSION(:),ALLOCATABLE::TITOP,TITSO

      CHARACTER(16),DIMENSION(:),ALLOCATABLE::PSTN

      CHARACTER(8),DIMENSION(:),ALLOCATABLE::FTNM,TIL

      CHARACTER(4),DIMENSION(:),ALLOCATABLE::CPNM,HED,HEDH

      INTEGER::IBD,IBDT,ICDP,ICMD,ICO2,ICP,IDA,IDAY,IDIR,IDN1,IDN2,IDNT,&

      IDO,IERT,IET,IGC,IGN,IGSD,IHAY,IHD,IHRD,IHV,IHUS,IHY,III,IKAT,IMON,&

      INFL,INP,IOF,IOW,IOX,IPAT,IPC,IPCD,IPD,IPF,IPL,IPRK,IPY,IPYI,IREM,&

      IRFT,IRGX,IRH,IRUN,ISA,ISAP,ISCN,ISLF,ISL,ISTA,ISW,IT1,IT2,IT3,&

      ITYP,IUN,IWI,IWTB,IY,IYER,IYR,IYR0,IYX,JD0,JDA,JDE,JDHU,JJK,JT1,JT2

      INTEGER::KDA,KF,KI,KP,LBP,KND,LC,LGRZ,LGZ,LND,LNS,LPD,LPYR,LW,MASP,&

      MBS,MCA12,MFT,MHD,MHP,MHX,MHY,MIR,ML1,MNC,MNT,MNUL,MO,MO1,MOW,MPO,&

      MPS,MRO,MSA,MSC,MSCP,MSL,MXT,MXW,NAQ,NBCL,NBCX,NBDT,NBFX,NBMX,&

      NBON,NBYR,NCMD,NCMO,ND,NDF,NDP,NDRV,NDT,NDVSS,NDWT,NEV,NGN,NGN0,&

      NJC,NKA,NKD,NKS,NKY,NOFL,NOP,NPD,NPRC,NPSO,NRF,NRN0,NRNG,NSH,NSM,&

      MSO,NSNN,NSTP,NSX,NSZ,NYD,NT0,NT1,NTV,NUPC,NWP,NWTH

      INTEGER::KDT1(800),KDC1(1500),KDF1(1200),KDP1(1000),KA(100),&

      NXP(90),KR(60),KDT2(50),KD(40),KY(40),KDP(50),NHC(27),KS(20),&

      NWDR(16),NC(13),IAD(10),ICMO(10),NWPD(10),NDC(11),JX(7),KGN(5),&

      JC(4)     

	   INTEGER,DIMENSION(:),ALLOCATABLE::IAC,IAMF,IAPL,IAUF,IAUI,IAUL,&

      IBSA,ICUS,IDFH,IDG,IDNB,IDNF,IDOA,IDON,IDOR,IDR,IDRL,IDRO,IDS,IEXT,&

      IFA,IFD,IFLS,IGO,IGZ,IHDM,IHX,ILQF,IMW,IPMP,IPSF,IPSO,IPST,IPTS,&

      IRF,IRI,IRO,IRP,IRR,IRRS,IRRW,ISAL,ISAO,ISAS,ISCP,ISPF,IX,IX0,JBG,&

      JCN,JCN0,JCN1,JD,JSA,KC,KFL,KP1,KPSN,KT,KTF,KTMX,KTT,KW,LM,LRD,LUN,&

      LUNS,NBSL,NBW,NDFA,NFED,NHRD,NII,NISA,NPSF,NRO,NSAL,NSAO,NSAS,NTP,&

      NVCN,NBE,NBT,IHC,ICDT,IDC,IDN1T,IDN2T,IDOT,IIR,ISG,IWTH,JPC,KDC,&

      KDF,KIR,KPC,MASA,MXSR,NBCF,NBCT,NBFF,NBFT,NBSA,NHY,NIR,NMW,NPC,&

      NQRB,NTX,NWDA,KRST	

      INTEGER,DIMENSION(:,:),ALLOCATABLE::IDF0,IDFA,IDFD,IDFT,IDMU,IDOW,&

      IDSL,IDSS,IFED,IGZO,IGZX,IHBS,IHRL,IHT,IHU,IYH,IYHO,JE,JP,JPL,&

      KGO,KOMP,LGIR,LID,LORG,NCOW,NCP,NCR,NFRT,NGD,NGZ,NGZA,NHBS,NHU,&

      NPST,NTL,NYHO,NYLN

      INTEGER,DIMENSION(:,:,:),ALLOCATABLE::IHDT,ITL,JH,KDT,LFT,LPC,LT,&

      LY,LYR,NBSX,NGIX

      REAL::ACW,ADEO,ADHY,ADRF,AEPT,AET,AFN,AGP,AHSM,AJWA,ALG,ALMN,ALTC,&

      AL5,AMPX,ANG,AMSR,AVT,BETA,BRNG,BS1,BS2,BXCT,&

      BYCT,CBVT,CLF,CLT,CMM,CMS,CN,CNO3I,COIR,COL,CON,COP,CO2,COS1,CPH0,&

      CPV0,CPVV,CQNI,CRLNC,CRUNC,CSFX,CSLT,D150,DAYL,DD,DEMR,DN2O,DRSW

      REAL::DRTO,DTG,DTHY,DUR,DURG,DVOL,DZ10,DZDN,EI,ELEV,EO,ERTN,ERTO,&

      ERTP,ES,EXNN,EXPK,FL,FRSD,FULP,FW,GWBX,GX,HGX,HMN,HRLT,HR1,PB,PI2,&

      PIT,PMOEO,PMORF,PRFF,PSTX,QAPY,QPQ,QRB,QSFN,QSFP,QTH,RAMX,REP,RFNC,&

      RFRA,RGIN,RGRF,RHCF,RHM,RHP,RHS,RM,RMNR,RMX0

      REAL::RNO3,RRF,RTP,RUNT,RWO,SAET,SALF,SAT,SBAL,SCN,SCN2,SDEG,&

      SDEP,SDN,SDRF,SEP,SGMN,SHRL,SK,SML,SMNR,SMP,SN,SN2,SN2O,SNA15,&

      SNA30,SNIT,SNMN,SNN15,SNN30,SNOF,SNPKT,SOFU,SP,SPRC,SPRF,SRPM,&

      SSFK,SSFN,SSST,STND,SUK,SUN,SUP,SVOL

      REAL::SW15,SW30,SX,SYMU,SYW,TA,TDEG,TDEP,TEVP,TEV1,THW,TLA,&

      TMAF,TMAP,TMPD,TPRK,TPSP,TREV,TRFR,TRSP,TSAE,TSFS,TX,TXXM,UK2,UKM,&

      UNM,UNR,UN2,UPM,UPR,UP2,USTRT,USTT,USTW,UX,UXP,VGF,VMU,VPD,&

      V1,V3,V56,V57,WAGE,WB,WBMX,WCF,WCYD,WDN,WFX,WIM,WIP,WKA,WKMNH3,&

      WKMNO2,WKMNO3,WMP,WNCMAX,WNCMIN,WTN,XCS,XDA,XDA1,XET,XK1,XK2,XKN1,&

      XKN3,XKN5,XKP1,XKP2,XSA,XSL,YCS,YERO,YEW,YEWN,YLAT,YLAZ,YLN,YLP,&

      YSL,YWKS,ZF,ZMIX,ZQT      

      REAL::XTP(100),XYP(100),PRMT(110),SCLM(38),SCMN(30),SRNG(30),&

      SMYR(21),VARS(20),RNCF(12),TAV(12),TMNF(12),TMXF(12),UAV0(12),&

      UAVM(12),AWXP(10),RFSG(10),SMSO(9),OPV(7),SMSW(6),PSZ(5),PSZX(5),&

      PSZY(5),WX(3),XAV(3),XDV(3),XIM(3),XRG(3)

	   REAL::SMMR(21,12),SMR(21,12),DIR(12,16),OBMN(10,12),&

	   OBMNX(10,12),OBMX(10,12),OBSL(10,12),PCF(10,12),RH(10,12),SDTMN(10,12),&

	   SDTMX(10,12),WFT(10,12),WI(10,12),SCRP(35,2)

	   REAL::CQRB(8,17,4),RST(3,10,12),PRW(2,10,12)

	   REAL,DIMENSION(:),ALLOCATABLE::ABD,AEP,AFLG,AGPM,ALGI,ALQ,ALT,ARMN,&

      ARMX,ARSD,BA1,BA2,BCOF,BCV,BFFL,BFSN,BFT,BGWS,BIG,BIR,BR1,BR2,&

      BRSV,BSALA,BSNO,BSW,BTC,BTCX,BTK,BTCZ,BTN,BTNX,BTNZ,BTP,BTPX,BTPZ,&

      BV1,BV2,BVIR,CAF,CAP,CFNP,CHL,CHMX,CHN,CHS,CHXA,CHXP,CKY,CLG,CN0,&

      CN2,CNLV,CNSX,CNY,COOP,CSTS,COST,COTL,COWW,CPMX,CPVH,CPY,CST1,CV,&

      CVF,CVP,CVRS,CYAV,CYMX,CYSD,DALG,DDLG,DDM,DEPC,DHT,DKH,DKI,DKHL,&

      DKIN,DLAI,DMLA,DMLX,DPMT,DRAV,DRT,DST0,DWOC,EFI,EFM,EK,EM10,EMX,&

      EP,ERAV,EVRS,EVRT,EXTC,FBAR,FBM,FCMN,FCMP,FCST,FDSF,FDSR,FFC,FFPQ,&

      FGC,FGSL,FHP,FIRG,FK,FLT,FN,FNMA,FNMN,FNO,FOC,FP,FPO,FPF,FPOP,&

      FPSC,FRCP,FSLT,FSFN,FSFP,FTO

      REAL,DIMENSION(:),ALLOCATABLE::FULU,GMA,GMHU,GRDD,GRDL,GRLV,GSI,&

      GWE0,GWEL,GWMX,GWSN,GWST,GZRF,HCLD,HCLN,HE,HI,HLMN,HMO,HMX,HR0,&

      HSM,HYDV,OCPD,OMAP,ORHI,ORSD,OSAA,OWSA,PAW,PCOF,PCST,PDAW,PDPL,&

      PDPL0,PDPLC,PDPLX,PDSKC,PDSW,PEC,PHLF,PHLS,PHUX,PKOC,PKRZ,PLCH,&

      PM10,PMX,PLAX,POPX,PQPS,PRAV,PRB,PRSD,PRYF,PRYG,PSO3,PSOL,PSON,&

      PSOP,PSOQ,PSOY,PSSP,PST,PSTF,PSTM,PSTS,PSZM,PWOF,PYPS,QC,QCAP,QDR,&

      QDRN,QDRP,QGA,QN,QP,QPR,QPU,QRBQ,QRF,QRFN,QRFP,QRP,QRQB,QURB,QVOL,&

      RBMD,RCBW,RCF,RCHC,RCHD,RCHK,RCHL,RCHN,RCHS,RCHX,RCSS,RCTC,RCTW,&

      RDMX,REPI,RFDT,RFPK,RFPL,RFPS,RFPW,RFPX,RFQN,RFTT,RFV,RFV0,RHD,RHT,&

      RHTT,RIN,RINT,RLAD,RLF,RMXS,ROSP,RQRB,RR,RRUF,RSAE,RSAP,RSBD,RSDP,&

      RSEE,RSEP,RSF,RSFN,RSHC,RSK,RSLK,RSO3

      REAL,DIMENSION(:),ALLOCATABLE::RSOC,RSON,RSOP,RSRR,RSSA,RSSF,&

      RSSP,RST0,RSV,RSVB,RSVE,RSVF,RSVP,RSPK,RSYB,RSYF,RSYN,RSYS,RVE0,&

      RVP0,RWSA,RZ,RZSW,S3,SALA,SALB,SAMA,SATK,SCI,SCNX,SDVR,SDW,SHYD,&

      SLF,SLT0,SLTX,SMAS,SMEO,SMFN,SMFU,SMIO,SMKS,SMLA,SMMU,SMNS,SMNU,&

      SMPL,SMPQ,SMPS,SMPY,SMQN,SMRF,SMSS,SMST,SMTS,SMWS,SMX,SMY1,SMY2,&

      SMYN,SNO,SOLQ,SPFD,SPLG,SQC,SQN,SQP,SQVL,SRAD,SRSD,SSFI,SSIN,SSN,&

      SSPS,SST,SSW,ST0,STDO,STDOK,STDON,STDOP,STIR,STKR,STLT,STP,STY,SW,&

      SWLT,SYC,SYN,SYP,TAGP,TBSC,TC,TCAV,TCC,TCMN,TCMX,TCPA,TCPY,TCS,&

      TFLG,THK,TILG,TKR,TLD,TLMF,TMN,TMX,TNOR,TOC,TOPC,TPSF,TRSD,TSFK,&

      TSFN,TSLA,TSMQ,TSMY,TSNO,TVGF,TYK,TYN,TYP,U10,UB1,UK,UN,UOB,UP,&

      UPSX,URBF,USL

      REAL,DIMENSION(:),ALLOCATABLE::UW,VAC,VALF1,VAP,VAQN,VAQP,VARW,&

      VAYN,VAYP,VCHA,VCHB,VFPA,VFPB,VIMX,VIRT,VLG,VLGB,VLGI,VLGM,VLGN,&

      VPD2,VPTH,VPU,VQC,VYC,VRSE,VSK,VSLT,VSSN,WA,WAI,WAVP,WAX,WCY,WDRM,&

      WK,WS,WSA,WSX,WSYF,WTBL,WTMB,WTMN,WTMU,WTMX,WXYF,WYLD,XCT,XDLAI,&

      XHSM,XIDK,XIDS,XMAP,XMTU,XNS,XRFI,YC,YCOU,YCT,YCWN,YLC,YLD,YLS,&

      YLX,YMNU,YN,YNOU,YNWN,YP,YPM,YPOU,YPWN,YTN,YTX,YW,ZBMC,ZBMN,ZCO,&

      ZCOB,ZEK,ZFK,ZFOP,ZHPC,ZHPN,ZHSC,ZHSN,ZLM,ZLMC,ZLMN,ZLS,ZLSC,ZLSL,&

      ZLSLC,ZLSLNC,ZLSN,ZNH3,ZNO3,ZNMU,ZNOA,ZNOS,ZNOU,ZOC,ZON,ZPMA,ZPML,&

      ZPMS,ZPMU,ZPO,ZPOU,ZSK,ZSLT,ZTP        

      REAL,DIMENSION(:,:), ALLOCATABLE::ACO2C,AFP,AN2OC,AO2C,CDG,CGCO2,&

      CGN2O,CGO2,CLCO2,CLN2O,CLO2,DCO2GEN,DN2G,DN2OG,DO2CONS,DPRC,DPRN,&

      DPRO,EAR,FC,HKPC,HKPN,HKPO,S15,SADST,SMEA,SMES,SOT,TPOR,VFC,&

      VO2,VWC,VWP,WBMC,WCO2G,WCO2L,WN2O,WN2OG,WN2OL,WNO2,WNO3,WO2G,WO2L,&

      XN2O,ZC,xgo2,xgco2,xgn2o    ! xgo2,xgco2,xgn2o added by Luca Doro - 20190827

      REAL,DIMENSION(:,:),ALLOCATABLE::ACET,AJH1,AJHI,ALS,ANA,ASW,AWC,&

      CX,BD,BDD,BDM,BDP,BK,BLG,BN,BP,BPT,BWN,CAC,CAW,CBN,CEC,CLA,&

      CNDS,CNRT,CNSC,CNT,CPFH,CPHT,CPRH,CPRV,CTSA,CSTF,DHN,DLAP,DM,DMF,&

      DM1,DRWX,DUMP,ECND,EO5,EQKE,EQKS,ETG,EXCK,FE26,FFED,FIXK,FNMX,FNP,&

      FOP,FRST,FRTK,FRTN,FRTP,GCOW,GWPS,GZLM,GZRT,HCL,HU,HUF,HUI,PCT,&

      PCTH,PFOL,PH,PO,PPCF,PPL0,PPLP,PPX,PSP,QIN,QPST,QSF,RD,RDF,REG,&

      RF5,RNMN,ROK,RSD,RSDM,RSPC,RSPS,RTN,RW,RWPC,RWTZ,SAN,SATC,SCFS,&

      SET,SEV,SIL,SLAI,SLA0,SM,SMB,SMUA,SMH

      REAL,DIMENSION(:,:),ALLOCATABLE::SMYH,SMY,SMYUA,SMYRP,SOLK,SQB,&

      SRA,SRCH,SRD,SRMX,SSF,SSFCO2,SSFN2O,SSFO2,SWST,STD,STDK,STDL,STDN,&

      STDP,STFR,STL,STMP,STX,SULF,SUT,SWH,SWP,SYB,TAMX,TCAW,TCN,TCVF,&

      TDM,TEI,TET,TETG,TFTK,TFTN,TFTP,THRL,THU,TQ,TR,TRA,TRD,TRHT,TSN,&

      TSR,TSY,TXMX,TXMN,TQN,TQP,TQPU,TSPS,TVIR,TYL1,TYL2,TYLK,TYLN,TYLP,&

      TYON,TYTP,TYW,UK1,UNA,UN1,UP1,VAR,VARUA,VARH,VCO2,VGA,VGN,VIR,&

      VN2O,VNO3,VQ,VURN,VY,WAC2,WBMN,WCHT,WCMU,WCOU,WHPC,WHPN,WHSC,WHSN,&

      WKMU,WNH3,WLM,WLMC,WLMN,WLS,WLSC,WLSL,WLSLC,WLSLNC,WLSN,WLV,WNMU,&

      WNOU,WOC,WON,WPMA,WPML,WPMS,WPMU,WPO,WPOU,WSLT,WT,XDLA0,XLAI,XMS,&

      XSP,YHY,YLD1,YLD2,YLKF,YLNF,YLPF,YPST,YSD,Z

      REAL,DIMENSION(:,:,:),ALLOCATABLE::CND,FIRX,HUSC,PHU,POP,PPLA,PSTE,&

      PSTR,PSSF,PSTZ,PVQ,PVY,QHY,QIR,RSTK,RWT,SFCP,SFMO,SMAP,SMM,SMMUA,&

      SMMH,SMMRP,SMRP,SMS,SMYP,SOIL,SOL,STDA,STV,TIR,TSFC,VARC,VARP,&

      VIRR,WFA,WMUCH,XZP

      !SPQ,SPQC,SPY,

	   REAL,DIMENSION(:,:,:,:),ALLOCATABLE::APQ,APQC,APY,AQB,AYB,SMMP,SMMC

      !PADDY MODEL

      REAL,DIMENSION(:),ALLOCATABLE::SUB_D50,PADDY_HWEIR,PADDY_LWEIR,PADDY_HMIN

      REAL,DIMENSION(:,:),ALLOCATABLE::PADDY_STO,PADDY_OUT

      REAL,DIMENSION(:,:,:),ALLOCATABLE::HWEIR,LWEIR,HMIN_IRR

      REAL::PADDY_SED_NORM,PADDY_IRRMM,LAI_INIT



      !Richards method for percolation

      REAL::DTMX,DTMN,TGX                                        

      DOUBLE PRECISION :: XKTR, DAO2TC

      INTEGER::MXLA,IVG,IFLO

      TYPE Layer

        REAL(SELECTED_REAL_KIND(15))::x,dx,hg,Ks,Kx,mn,ths,thr,S,fvwc,vgn,vgm,PRK, SSF,Ksh,Kxh !temp cdj richards lateral added SSF,Ksh,Kxh

        INTEGER::jt

      END TYPE

      TYPE FastRE

        INTEGER::n,nt,ns,nsteps

        Type(Layer),ALLOCATABLE,DIMENSION(:,:)::ILYR

        REAL(SELECTED_REAL_KIND(15))::ti,tf

        REAL(SELECTED_REAL_KIND(15)),DIMENSION(:),ALLOCATABLE::p,h0,qevap,qprec,drn,evap,infil,runoff

      END TYPE

      TYPE (FastRE)::FRE

      REAL,DIMENSION(:,:),ALLOCATABLE::vgSat,vgRes



      INTEGER,PARAMETER::FRK=SELECTED_REAL_KIND(15) ! selected precision

      REAL(FRK),PARAMETER::zero=0.0_frk,half=0.5_frk,one=1.0_frk,two=2.0_frk

      INTEGER,PARAMETER::RKQA=SELECTED_REAL_KIND(15)

      INTEGER,PARAMETER::IKQA=SELECTED_INT_KIND(4)



      ! Landscape Wind erosion variables J Jeong 2020

      CHARACTER(LEN=80)::FLWE

      CHARACTER(LEN=8)::wind_idate

      REAL(KIND=8), DIMENSION(:,:), ALLOCATABLE:: wind_pdf,gap_pdf,ustar_okin_pdf,soil_psd,psd_m,psd_f,ustart_pdf,hflux_pdf,vflux_pdf

      REAL, DIMENSION(2,500):: curday_gap_stor,curday_wind_stor

      REAL,DIMENSION(3,4)::gamma_parms

      INTEGER:: nbinw, nbinvg, LWE_IWND,LWE_IPLT,WND_OP=0,LWE_IHT,LWE_ICOV

      CHARACTER(LEN=20):: soil_type

      CHARACTER(LEN=50):: wind_data_fname,gamma_parm_fname,gap_dist_fname,gap_mean_fname,soil_psd_fname,veg_ht_cover_fname,wind_daily_fname

      REAL:: soil_psd_parm(3,4),min_disp_params(3,4),full_disp_params(3,4)

      REAL:: hflux_total,vflux_total,PLASTP,okin_A,SHAO_11_CY,KAPPA,pdf_factor,okin_ssr0,okin_efold,lwe_z0,max_cangap,ustar_total,ustart_total

      REAL:: umin=0.01, umax=40.0, sand, silt, clay, veg_cover_fraction

      INTEGER:: BINCOUNT=100, PSD_BINCOUNT = 200,nval_wind,nval_gap,LWE_IDAT=19000101

      REAL:: veg_mean_height_stor,veg_cover_fraction_stor, curday_gap_mean_stor,u_avg_stor

      REAL, DIMENSION(:), ALLOCATABLE:: PPLP_MAX

      END 








src/NAJN.f90

      SUBROUTINE NAJN(UU,AN,DMD,SUX,AJF,JNT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES ACTUAL N PLANT UPTAKE FROM EACH

!     LAYER(UPTAKE = MINIMUM OF PLANT DEMAND AND SOIL SUPPLY).

      USE PARM

      DIMENSION UU(MSL),AN(MSC,MSA)

      SUM=0.

      RT=DMD/(SUX+1.E-20)

      ! N DEMAND < ESTIMATED SUPPLY

      IF(JNT==0.AND.RT<=1.)THEN

          DO J=1,LRD(ISA)

              ISL=LID(J,ISA)

              ! REDUCE N UPTAKE TO = DEMAND 

              UU(ISL)=UU(ISL)*RT

              SUM=SUM+UU(ISL)

          END DO

      ELSE

          ! N & P DEMAND > ESTIMATED SUPPLY

          RT=AJF*(DMD-SUX)

          RT1=RT

          ! ADJUST UPTAKE TO = DEMAND IF N & P ARE AVAILABLE

          DO J=1,LRD(ISA)

              ISL=LID(J,ISA)

              XX=UU(ISL)+RT

              IF(XX<AN(ISL,ISA))THEN

                  UU(ISL)=XX

                  SUX=SUX+RT1

                  RETURN

              ELSE    

                  IF(AN(ISL,ISA)>0.)THEN

                      RT=RT-AN(ISL,ISA)+UU(ISL)

                      UU(ISL)=AN(ISL,ISA)

                      SUM=SUM+UU(ISL)

                  ELSE

                      UU(ISL)=0.

                  END IF 

              END IF

          END DO

      END IF    

      SUX=SUM

      RETURN

      END






src/NBL.f90

      SUBROUTINE NBL(BTN,YNI,YNO,QNI,QNO,SSNI,SSNO,DPKN,RN,YNWN,DN,TFO,&

      YLN,VOL,FNMN,FNMA,FX,FTN,GWNX,BURN,SCOU,PSON,ISA,KBL,KW,NBSA,&

      MSO,JRT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE N & P BALANCES AT THE END OF THE

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

	  JRT=0

      DF=BTN+YNI-YNO+QNI-QNO+SSNI-SSNO-DPKN+RN-YNWN-DN-YLN-VOL+FNMN+&

      FNMA-FTN+FX+TFO-BURN-SCOU+PSON

      PER=200.*DF/(FTN+BTN)

	  SELECT CASE(KBL)

          CASE(1)

              ! N BALANCE

              WRITE(KW(1),4)ISA,NBSA(ISA)

              WRITE(KW(1),1)PER,DF,BTN,YNI,YNO,QNI,QNO,SSNI,SSNO,&

              DPKN,RN,YNWN,DN,VOL,BURN,YLN,FX,FNMN,FNMA,TFO,SCOU,&

              PSON,GWNX,FTN

              IF(ABS(PER)>.1)WRITE(KW(36),7)ISA,NBSA(ISA),PER

          CASE(2)

              ! P BALANCE 

              WRITE(KW(1),5)ISA,NBSA(ISA)

              WRITE(KW(1),6)PER,DF,BTN,YNI,YNO,QNI,QNO,DPKN,YNWN,&

              YLN,FNMN,TFO,SCOU,PSON,FTN

              IF(ABS(PER)>1.)WRITE(KW(36),8)ISA,NBSA(ISA),PER

          CASE(3)

              ! K BALANCE

              WRITE(KW(1),2)ISA,NBSA(ISA)  

              WRITE(KW(1),3)PER,DF,BTN,YN,YNWN,QN,PRKN,YLN,FNMN,FTN

      END SELECT

      JRT=1

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'YI  =',E13.6,2X,'YO  =',E13.6,2X,'QI  =',E13.6/5X,'QO  =',E13.6,&

      2X,'SSNI=',E13.6,2X,'SSNO=',E13.6,2X,'DPRK=',E13.6,2X,'RFN =',&

      E13.6,2X,'YWN =',E13.6/5X,'DNIT=',E13.6,2X,'VOL =',E13.6,2X,&

      'BURN=',E13.6,2X,'YLD =',E13.6,2X,'FIX =',E13.6,2X,'FNMN=',E13.6/&

      5X,'FNMA=',E13.6,2X,'FNO =',E13.6,2X,'SNOU=',E13.6,2X,'PSON=',&

      E13.6,2X,'GWSN=',E13.6,2X,'FTOT=',E13.6)

    2 FORMAT(/T10,'K BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'Y   =',E13.6,2X,'YW  =',E13.6,2X,'Q   =',E13.6/5X,'PRK =',E13.6,&

      2X,'YLD =',E13.6,2X,'FSK =',E13.6,2X,'ETOT=',E13.6)

    4 FORMAT(/T10,'N BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8)

    5 FORMAT(/T10,'P BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8)

    6 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'YI  =',E13.6,2X,'YO  =',E13.6,2X,'QI  =',E13.6/5X,'QO  =',E13.6,&

      2X,'PRK =',E13.6,2X,'YWN =',E13.6,2X,'YLD =',E13.6,2X,'FPML=',&

      E13.6,2X,'FPO =',E13.6/5X,'SPOU=',E13.6,2X,'PSOP=',E13.6,2X,&

      'FTOT=',E13.6)

    7 FORMAT(/T10,'N BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,&

      'PER =',E13.6)

    8 FORMAT(/T10,'P BALANCE (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,&

      'PER =',E13.6)

      END






src/NCBL.f90

      SUBROUTINE NCBL(BC,YCI,YCO,QCI,QCO,YCWN,VBC,RSPC,RSDC,TFOC,BURN,SCOU,&

      FTC,ISA,KW,NBSA,MSO,JRT)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES THE C BALANCE AT THE END OF THE

!     SIMULATION

      DIMENSION NBSA(ISA),KW(MSO)

	  JRT=0

      DF=BC+QCI-QCO+YCI-YCO-YCWN-VBC-RSPC+TFOC+RSDC-BURN-SCOU-FTC

      PER=100.*DF/FTC

      WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),1)PER,DF,BC,QCI,QCO,YCI,YCO,YCWN,VBC,RSPC,RSDC,TFOC,&

      BURN,SCOU,FTC

      BC=FTC

      IF(ABS(PER)>1.)WRITE(KW(36),3)ISA,NBSA(ISA),PER

	  JRT=1

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

      'QI  =',E13.6,2X,'QO  =',E13.6,2X,'YI  =',E13.6/5X,'YO  =',E13.6,&

      2X,'YWN =',E13.6,2X,'PRK =',E13.6,2X,'RSPC=',E13.6,2X,'RSDC=',&

      E13.6,2X,'TFOC=',E13.6/5X,'BURN=',E13.6,2X,'SCOU=',E13.6,2X,&

      'FTOT=',E13.6) 

    2 FORMAT(/T10,'C BALANCE(t)',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(/T10,'C BALANCE(t)',2X,'SA#= ',I8,1X,'ID= ',I8,1X,'PER =',&

      E13.6)

      END






src/NCCONC.f90

      SUBROUTINE NCCONC

      ! APEX1501

      !	THIS SUBROUTINE CALCULATES GAS CONCENTRATIONS IN LIQUID AND 

      !	AIR PHASES

      USE PARM

	  DO J=1,NBCL

	      ! CLO2=CONC GAS IN LIQ PHASE (G/M3 WATER)

          CLO2(J,ISA)=AO2C(J,ISA)/(AFP(J,ISA)*HKPO(J,ISA)+VWC(J,ISA))   

          ! CGO2=CONC GAS IN GAS PHASE (G/M3 AIR)

          CGO2(J,ISA)=AO2C(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPO(J,ISA)-1.))

          ! CLCO2=CONC GAS IN LIQ PHASE

          CLCO2(J,ISA)=ACO2C(J,ISA)/(AFP(J,ISA)*HKPC(J,ISA)+VWC(J,ISA))   

          ! CGCO2=CONC GAS IN GAS PHASE

          CGCO2(J,ISA)=ACO2C(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPC(J,ISA)-1.))

          ! CLN2O=CONC GAS IN LIQ PHASE

	      CLN2O(J,ISA)=AN2OC(J,ISA)/(AFP(J,ISA)*HKPN(J,ISA)+VWC(J,ISA)) 

          ! CGN2O=CONC GAS IN GAS PHASE

          CGN2O(J,ISA)=AN2OC(J,ISA)/(TPOR(J,ISA)+VWC(J,ISA)*(1./HKPN(J,ISA)-1.))

      END DO

      RETURN

      END






src/NCNMI_CENTURY.f90

      SUBROUTINE NCNMI_CENTURY(Z5,CS,RTOE)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION AND IMMOBILIZATION OF N

!     AND C USING EQUATIONS TAKEN FROM CENTURY.

      USE PARM

      AD1=WLSC(ISL,ISA)+WLMC(ISL,ISA)+WBMC(ISL,ISA)+WHSC(ISL,ISA)+WHPC(ISL,ISA)

      !AD1=WNO3(ISL,ISA)+WNH3(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+WNOU&

      !(ISL,ISA)+WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)

      LD1=LID(1,ISA)

      XU=WLM(ISL,ISA)+WLS(ISL,ISA)

      XZ=WNO3(ISL,ISA)+WNH3(ISL,ISA)

      XY=WLSN(ISL,ISA)+WLMN(ISL,ISA)

      ZZ=WLSC(ISL,ISA)+WLMC(ISL,ISA)

      XHN=WHSN(ISL,ISA)+WHPN(ISL,ISA)

      RLR=MAX(.1,MIN(.8,WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)))

      IF(IOX==0)THEN

          X2=Z5

          IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

          OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

      ELSE

          Y1=.1*WOC(ISL,ISA)/WT(ISL,ISA)

          Y2=2.11+.0375*CLA(ISL,ISA)

          Y3=100.*Y1/Y2

          IF(SCLM(25)>0.)Y3=MIN(Y3,SCLM(25))

          OX=Y3/(Y3+EXP(SCRP(25,1)-SCRP(25,2)*Y3))            

      END IF

      IF(IDNT>2)OX=OX*RTOE   

      X2=PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))

      IF(X2>3.)THEN

          X1=20.

      ELSE

          X1=EXP(X2)

      END IF

      SMS(4,ISL,ISA)=SMS(4,ISL,ISA)+X1

      CS=MIN(10.,SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*PRMT(70)*OX*X1)

      SMS(11,ISL,ISA)=SMS(11,ISL,ISA)+1.

      SMS(1,ISL,ISA)=SMS(1,ISL,ISA)+SUT(ISL,ISA)

      APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)*(1.+RSDM(LD1,ISA))

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

    !     COMPUTE N/C RATIOS

          X1=.1*(WLMN(LD1,ISA)+WLSN(LD1,ISA))/(RSD(LD1,ISA)+1.E-5)

          IF(X1>2.)THEN

              BMNC=.1

          ELSE

              IF(X1>.01)THEN

                  BMNC=1./(20.05-5.0251*X1)

              ELSE

                  BMNC=.05

              END IF

          END IF

          HSNC=BMNC/(5.*BMNC+1.)

          GO TO 2

      END IF

      ABCO2=.17+.0068*SAN(ISL,ISA)

      A1CO2=.55

      RBM=.02

      RLM=.0507

      RLS=.0132

      XBM=.25+.0075*SAN(ISL,ISA)

      X1=1000.*(WNH3(ISL,ISA)+WNO3(ISL,ISA))/WT(ISL,ISA)

      IF(X1>7.15)THEN

          BMNC=.33

          HSNC=.083

          HPNC=.143

      ELSE

          BMNC=1./(15.-1.678*X1)

          HSNC=1./(20.-1.119*X1)

          HPNC=1./(10.-.42*X1)

      END IF          

    2 ABP=.003+.00032*CLA(ISL,ISA)

      SMS(3,ISL,ISA)=SMS(3,ISL,ISA)+CS

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

!     POTENTIAL TRANSFORMATIONS STRUCTURAL LITTER

      X1=RLS*CS*EXP(-3.*RLR)

      TLSCP=X1*WLSC(ISL,ISA)

      TLSLCP=TLSCP*RLR

      TLSLNCP=TLSCP*(1.-RLR)

      TLSNP=X1*WLSN(ISL,ISA)

!     POTENTIAL TRANSFORMATIONS METABOLIC LITTER

      X1=RLM*CS

      TLMCP=WLMC(ISL,ISA)*X1

      TLMNP=WLMN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS MICROBIAL BIOMASS

      X1=RBM*CS*XBM

      TBMCP=WBMC(ISL,ISA)*X1

      TBMNP=WBMN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS SLOW HUMUS

      X1=RHS*CS

      THSCP=WHSC(ISL,ISA)*X1

      THSNP=WHSN(ISL,ISA)*X1

!     POTENTIAL TRANSFORMATIONS PASSIVE HUMUS

      X1=CS*RHP

      THPCP=WHPC(ISL,ISA)*X1

      THPNP=WHPN(ISL,ISA)*X1

!     ESTIMATE N DEMAND

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      PN1=TLSLNCP*A1*BMNC

      PN2=.7*TLSLCP*HSNC

      PN3=TLMCP*A1*BMNC

      PN5=TBMCP*ABP*HPNC

      PN6=TBMCP*(1.-ABP-ABCO2)*HSNC

      PN7=THSCP*ASX*BMNC

      PN8=THSCP*ASP*HPNC

      PN9=THPCP*APX*BMNC

!     COMPARE SUPPLY AND DEMAND FOR N

      SUM=0.

      CPN1=0.

      CPN2=0.

      CPN3=0.

      CPN4=0.

      CPN5=0.

      X1=PN1+PN2

      IF(TLSNP<X1)THEN

          CPN1=X1-TLSNP

      ELSE

          SUM=SUM+TLSNP-X1

      END IF    

      IF(TLMNP<PN3)THEN

          CPN2=PN3-TLMNP

      ELSE

          SUM=SUM+TLMNP-PN3

      END IF    

      X1=PN5+PN6

      IF(TBMNP<X1)THEN

          CPN3=X1-TBMNP

      ELSE

          SUM=SUM+TBMNP-X1

      END IF

      X1=PN7+PN8

      IF(THSNP<X1)THEN

          CPN4=X1-THSNP

      ELSE

          SUM=SUM+THSNP-X1

      END IF

      IF(THPNP<PN9)THEN

          CPN5=PN9-THPNP

      ELSE

          SUM=SUM+THPNP-PN9

      END IF

      WMIN=MAX(1.E-5,WNO3(ISL,ISA)+SUM)

      DMDN=CPN1+CPN2+CPN3+CPN4+CPN5

      X3=1.

!     REDUCE DEMAND IF SUPPLY LIMITS

      IF(WMIN<DMDN)X3=WMIN/DMDN

      SMS(5,ISL,ISA)=SMS(5,ISL,ISA)+X3

!     ACTUAL TRANSFORMATIONS

      TLSCA=TLSCP*X3

      TLSLCA=TLSLCP*X3

      TLSLNCA=TLSLNCP*X3

      TLSNA=TLSNP*X3

      TLMCA=TLMCP*X3

      TLMNA=TLMNP*X3

      TBMCA=TBMCP*X3

      TBMNA=TBMNP*X3

      THSCA=THSCP*X3

      THSNA=THSNP*X3

      THPCA=THPCP*X3

      THPNA=THPNP*X3

      SGMN=SGMN+SUM

      RNMN(ISL,ISA)=SUM-DMDN

!     UPDATE

      IF(RNMN(ISL,ISA)>0.)THEN

          X1=PRMT(73)*RNMN(ISL,ISA)

          WNH3(ISL,ISA)=WNH3(ISL,ISA)+X1

          WNO3(ISL,ISA)=WNO3(ISL,ISA)+RNMN(ISL,ISA)-X1

      ELSE

	      X1=WNO3(ISL,ISA)+RNMN(ISL,ISA)

	      IF(X1>0.)THEN

	          WNO3(ISL,ISA)=X1

	      ELSE

	          RNMN(ISL,ISA)=-WNO3(ISL,ISA)

	          WNO3(ISL,ISA)=1.E-10

	      END IF

      END IF

      DF1=TLSNA

      DF2=TLMNA

      SNMN=SNMN+RNMN(ISL,ISA)

	  SMS(9,ISL,ISA)=SMS(9,ISL,ISA)+RNMN(ISL,ISA)

	  IF(TLSCA>WLSC(ISL,ISA))TLSCA=WLSC(ISL,ISA)

      WLSC(ISL,ISA)=MAX(1.E-10,WLSC(ISL,ISA)-TLSCA)

      WLSLC(ISL,ISA)=MAX(1.E-10,WLSLC(ISL,ISA)-TLSLCA)

	  IF(TLSLCA>WLSLC(ISL,ISA))TLSLCA=WLSLC(ISL,ISA)

      WLSLNC(ISL,ISA)=MAX(1.E-10,WLSC(ISL,ISA)-WLSLC(ISL,ISA))

      WLMC(ISL,ISA)=MAX(1.E-10,WLMC(ISL,ISA)-TLMCA)

	  IF(TLMCA>WLMC(ISL,ISA))TLMCA=WLMC(ISL,ISA)

	  WLM(ISL,ISA)=MAX(1.E-10,WLM(ISL,ISA)-TLMCA/.42)

      WLSL(ISL,ISA)=MAX(1.E-10,WLSL(ISL,ISA)-TLSLCA/.42)

      WLS(ISL,ISA)=MAX(1.E-10,WLS(ISL,ISA)-TLSCA/.42)

      X3=APX*THPCA+ASX*THSCA+A1*(TLMCA+TLSLNCA)

      WBMC(ISL,ISA)=MAX(1.E-10,WBMC(ISL,ISA)-TBMCA+X3)

      WCMU(ISL,ISA)=MAX(1.E-10,WCMU(ISL,ISA)-TBMCA+X3)

      DF3=TBMNA-BMNC*X3

      X1=.7*TLSLCA+TBMCA*(1.-ABP-ABCO2)

      WHSC(ISL,ISA)=MAX(1.E-10,WHSC(ISL,ISA)-THSCA+X1)

      DF4=THSNA-HSNC*X1

      X1=THSCA*ASP+TBMCA*ABP

      WHPC(ISL,ISA)=MAX(1.E-10,WHPC(ISL,ISA)-THPCA+X1)

      DF5=THPNA-HPNC*X1

      DF6=XZ-WNO3(ISL,ISA)-WNH3(ISL,ISA)

      SMS(10,ISL,ISA)=SMS(10,ISL,ISA)-DF6

      ADD=DF1+DF2+DF3+DF4+DF5+DF6

      ADF1=ABS(DF1)

      ADF2=ABS(DF2)

      ADF3=ABS(DF3)

      ADF4=ABS(DF4)

      ADF5=ABS(DF5)

      TOT=ADF1+ADF2+ADF3+ADF4+ADF5

      XX=ADD/(TOT+1.E-10)

      WLSN(ISL,ISA)=MAX(.001,WLSN(ISL,ISA)-DF1+XX*ADF1)

      WLMN(ISL,ISA)=MAX(.001,WLMN(ISL,ISA)-DF2+XX*ADF2)

      WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-DF3+XX*ADF3)

      WHSN(ISL,ISA)=MAX(1.E-10,WHSN(ISL,ISA)-DF4+XX*ADF4)

      WHPN(ISL,ISA)=MAX(1.E-10,WHPN(ISL,ISA)-DF5+XX*ADF5)

      RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*&

      THSCA+APCO2*THPCA)

      X2=RSPC(ISL,ISA)*WSA(ISA)

      SMM(74,MO,ISA)=SMM(74,MO,ISA)+X2

      SMS(8,ISL,ISA)=SMS(8,ISL,ISA)+RSPC(ISL,ISA)

      TRSP=TRSP+RSPC(ISL,ISA)

      VAR(74,ISA)=VAR(74,ISA)+X2

      X1=WLS(ISL,ISA)+WLM(ISL,ISA)

      RSD(ISL,ISA)=.001*X1

	  VAR(103,ISA)=.001*(XU-X1)

	  !IF(RSDM(ISL,ISA)<VAR(103,ISA))VAR(103,ISA)=RSDM(ISL,ISA)

      SMM(103,MO,ISA)=SMM(103,MO,ISA)+VAR(103,ISA)

      X1=MIN(CS,.1)

      XX=RSDM(ISL,ISA)*X1

      RSDM(ISL,ISA)=MAX(1.E-10,RSDM(ISL,ISA)-XX)

      XX=WNOU(ISL,ISA)*X1

      WNOU(ISL,ISA)=MAX(1.E-10,WNOU(ISL,ISA)-XX)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+XX

      IF(IDFH(ISA)>0)THEN

          SMMU(ISA)=SMMU(ISA)+VAR(103,ISA)

!         SLAP=SLAP+VAR(103,ISA)

      END IF

      WCOU(ISL,ISA)=MAX(0.,WCOU(ISL,ISA)+WLSC(ISL,ISA)+WLMC(ISL,ISA)-ZZ)

      XX=XY-WLSN(ISL,ISA)-WLMN(ISL,ISA)

      DHN(ISL,ISA)=MAX(1.E-10,XHN-WHSN(ISL,ISA)-WHPN(ISL,ISA))

      AD2=WLSC(ISL,ISA)+WLMC(ISL,ISA)+WBMC(ISL,ISA)+WHSC(ISL,ISA)+WHPC(ISL,ISA)

      !AD2=WNO3(ISL,ISA)+WNH3(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+WNOU&

      !(ISL,ISA)+WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)

      DF=AD1-AD2-RSPC(ISL,ISA)

      IF(ABS(DF)>.1)WRITE(KW(1),'(A,4I4,20E16.6)')'#####',IY,MO,KDA,ISL,&

      AD1,AD2,RSPC(ISL,ISA),DF

      RETURN

      END






src/NCNMI_PHOENIX.f90

      SUBROUTINE NCNMI_PHOENIX(Z5,CS,RTOE)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION AND IMMOBILIZATION OF N

!     AND C USING POOLS FOLLOWING CENTURY (IZAURRALDE ET AL. 2006) 

!     & C/N OF MICROBIAL BIOMASS FOLLOWING PHOENIX (MCGILL ET AL. 1981)

      USE PARM

      DATA SDF/0./

      ! WNO2 (ISL,ISA) added by WBM 2012-11-05

      LD1=LID(1,ISA)

      !XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

      RLR=WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)

      IF(RLR>.8)THEN

          RLR=.8

      ELSE

          IF(RLR<.1)RLR=.1

      END IF    

	  AD1=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,ISA)+WLSC(ISL,ISA)

      XHN=WHSN(ISL,ISA)+WHPN(ISL,ISA)

	  IF(BD(ISL,ISA)>BDP(ISL,ISA))THEN

	      X1=MIN(20.,EXP(PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))))

	  ELSE

	      X1=1.

	  END IF

      SMS(4,ISL,ISA)=SMS(4,ISL,ISA)+X1

      SELECT CASE(IOX)

          CASE(0)

              X2=Z5

              IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

              OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

          CASE(1)

	          Y1=.1*WOC(ISL,ISA)/WT(ISL,ISA)

	          Y2=2.11+.0375*CLA(ISL,ISA)

	          Y3=100.*Y1/Y2

              IF(SCLM(25)>0.)Y3=MIN(Y3,SCLM(25))

	          OX=Y3/(Y3+EXP(SCRP(25,1)-SCRP(25,2)*Y3))

          CASE(2)

              IF(CGO2(LD1,ISA)>0.)OX=CGO2(ISL,ISA)/CGO2(LD1,ISA)

      END SELECT

      IF(IDNT>2)OX=OX*RTOE   

      CS=MIN(10.,SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*PRMT(70)*OX*X1) !calculation of CS !cdj comment

      SMS(11,ISL,ISA)=SMS(11,ISL,ISA)+1.

      SMS(1,ISL,ISA)=SMS(1,ISL,ISA)+SUT(ISL,ISA)

      APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

          ELSE

      ABCO2=.17+.0068*SAN(ISL,ISA)

      A1CO2=.55

      RBM=.02

      RLM=.0507

      RLS=.0132

      XBM=.25+.0075*SAN(ISL,ISA)

          HPNC=WHPN(ISL,ISA)/WHPC(ISL,ISA) 

      END IF          

      BMNC=WBMN(ISL,ISA)/WBMC(ISL,ISA)

      HSNC=WHSN(ISL,ISA)/WHSC(ISL,ISA)

      XLMNC=WLMN(ISL,ISA)/WLMC(ISL,ISA)

      XLSNC=WLSN(ISL,ISA)/WLSC(ISL,ISA)

      ABP=.003+.00032*CLA(ISL,ISA)

      SMS(3,ISL,ISA)=SMS(3,ISL,ISA)+CS

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      ! TRANSFORMATION OF STRUCTURAL LITTER WBM 2012-11-14

      ! CR = scaling factor for decomposition (0 - 1) based BMNC and &

      ! ratio of NC-substrate/Yield.

      CRX=1.-(CRUNC-BMNC)/(CRUNC-CRLNC)

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      X2=1.-RLR

      IF((WLSN(ISL,ISA)/(WLSC(ISL,ISA)*X2))/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      TLSCA=RLS*CS*CR*EXP(-3.*RLR)*WLSC(ISL,ISA)

      TLSLNCA=TLSCA*X2

      TLSLCA=TLSCA*RLR

      TLSNA=TLSCA*XLSNC

      ! TRANSFORMATIONS METABOLIC LITTER; SIX LINES BELOW ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(XLMNC/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      TLMCA=WLMC(ISL,ISA)*RLM*CS*CR

      TLMNA=TLMCA*XLMNC

      ! TRANSFORMATIONS MICROBIAL BIOMASS; NEXT SIX LINES ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(BMNC/(1.-ABCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      TBMCA=WBMC(ISL,ISA)*RBM*CS*CR*XBM

      TBMNA=TBMCA*BMNC

      ! TRANSFORMATION OF SLOW HUMUS; NEXT SIX LINES ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HSNC/(1.-ASCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      THSCA=WHSC(ISL,ISA)*RHS*CS*CR

      THSNA=THSCA*HSNC

      ! TRANSFORMATIONS OF PASSIVE HUMUS; NEXT SIX LINES ADDED WBM 2012-11-14

      IF(ISL/=LD1)THEN

          CR=0.

          IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

          IF(HPNC/APX>BMNC.OR.BMNC>CRUNC)CR=1.

          THPCA=WHPC(ISL,ISA)*CS*CR*RHP

          THPNA=THPCA*HPNC

          ! MINERALIZATION AND IMMOBILIZATION (32 LINES) ADDED WBM 2012-11-14

          ! CA = AMMONIFICATION RATE SCALING FACTOR BASED ON BMNC (0 - 1)

          ! CU = IMMOPBILIZATION (UPTAKE) RATE SCALING FACTOR BASED ON BMNC (0 - 1)

          ! WKA = SPECIFIC BASE RATE FOR AMMONIFICATION (d-1)

          ! WNCMIN = BMNC AT WHICH IMMOBILIZATION IS A MAXIMUM; BMNC AT WHICH AMMONIFICATION CEASES

          ! WNCMAX = BMNC AT WHICH IMMOBILIZATION CEASES; BMNC AT WHICH AMMONIFICATION IS A MAXIMUM

          ! VMU = MAXIMUM RATE OF UPTAKE OF N DURING IMMOBILIZATION (gN (gC-1) d-1)

          ! WKMNH3 = HALF SATURATION CONSTANT FOR AMMONIA IMMOBILIZATION (mg N L-1)

          ! WKMNO2 = HALF SATURATION CONSTANT FOR NITRITE IMMOBILIZATION (mg N L-1)

          ! WKMNO3 = HALF SATURATION CONSTANT FOR NITRATE IMMOBILIZATION (mg N L-1)

      END IF

      XSF=(BMNC-WNCMIN)/(WNCMAX-WNCMIN)

      CA=0.

      IF(BMNC>WNCMIN.AND.BMNC<WNCMAX)CA=XSF

      IF(BMNC>WNCMAX)CA=1.

      CU=.001

      IF(BMNC>WNCMIN.AND.BMNC<WNCMAX)CU=1.-XSF

      IF(BMNC<WNCMIN)CU=1.

      ! AMMONIFICATION (N MINERLIZATION) PRODUCRT OF CA*CS*WKA*BMN

      SUP=MAX(0.,CA*CS*WKA*WBMN(ISL,ISA))

      ! MICROBIAL UPTAKE OF N (N IMMOBILIZATION) MICHAELIS-MENTEN EXPRESION &

      ! DRIVEN BY MICROBIAL CARBON AND REGUALTED BY CU

      XU=CS*CU*VMU

      XDENOM=.01*SWST(ISL,ISA)

      DMDNMAX=XU*WBMC(ISL,ISA)

      XWNH3=WNH3(ISL,ISA)/XDENOM

      XWNO2=WNO2(ISL,ISA)/XDENOM

      XWNO3=WNO3(ISL,ISA)/XDENOM

      DMDNH3MX=MIN(WNH3(ISL,ISA),XWNH3*DMDNMAX/(WKMNH3+XWNH3))

      DMDNO2MX=MIN(WNO2(ISL,ISA),XWNO2*DMDNMAX/(WKMNO2+XWNO2))

      DMDNO3MX=MIN(WNO3(ISL,ISA),XWNO3*DMDNMAX/(WKMNO3+XWNO3))

      DMDN=DMDNH3MX+DMDNO2MX+DMDNO3MX

      XX=1.

      IF(DMDN>DMDNMAX)XX=DMDNMAX/DMDN

      TUPH3=DMDNH3MX*XX

      TUPO2=DMDNO2MX*XX

      TUPO3=DMDNO3MX*XX

      SGMN=SGMN+SUP

      XNIMO=-TUPH3-TUPO2-TUPO3

      RNMN(ISL,ISA)=SUP+XNIMO

      WNO3(ISL,ISA)=MAX(1.E-10,WNO3(ISL,ISA)-TUPO3)

      WNO2(ISL,ISA)=MAX(1.E-10,WNO2(ISL,ISA)-TUPO2)

      WNH3(ISL,ISA)=MAX(1.E-10,WNH3(ISL,ISA)-TUPH3+SUP)

      SNMN=SNMN+RNMN(ISL,ISA)

      SMS(9,ISL,ISA)=SMS(9,ISL,ISA)+RNMN(ISL,ISA)

	  TLSCA=MIN(WLSC(ISL,ISA),TLSCA)

	  WLSC(ISL,ISA)=MAX(.01,WLSC(ISL,ISA)-TLSCA)

	  TLSLCA=MIN(WLSLC(ISL,ISA),TLSLCA)

      WLSLC(ISL,ISA)=WLSLC(ISL,ISA)-TLSLCA

      WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

      TLMCA=MIN(WLMC(ISL,ISA),TLMCA)

      IF(WLM(ISL,ISA)>0.)THEN

          RTO=MAX(.42,WLMC(ISL,ISA)/WLM(ISL,ISA))

          WLM(ISL,ISA)=WLM(ISL,ISA)-TLMCA/RTO

          WLMC(ISL,ISA)=MAX(.01,WLMC(ISL,ISA)-TLMCA)

      END IF

      WLSL(ISL,ISA)=MAX(1.E-10,WLSL(ISL,ISA)-TLSLCA/.42)

      WLS(ISL,ISA)=WLSC(ISL,ISA)/.42

      IF(ISL==LD1)THEN 

          X3=ASX*THSCA+A1*(TLMCA+TLSLNCA)

          X1=.7*TLSLCA+TBMCA*(1.-ABCO2)

          WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-TBMNA+THSNA*(1.-ASP)+TLMNA+TLSNA-RNMN(ISL,ISA))

          !RSPC(ISL,ISA)=.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA

      ELSE

          X3=APX*THPCA+ASX*THSCA+A1*(TLMCA+TLSLNCA)

          X1=.7*TLSLCA+TBMCA*(1.-ABP-ABCO2)

          X2=THSCA*ASP+TBMCA*ABP

          WHPC(ISL,ISA)=MAX(1.E-10,WHPC(ISL,ISA)-THPCA+X2)

          WBMN(ISL,ISA)=MAX(1.E-10,WBMN(ISL,ISA)-TBMNA+THPNA+THSNA*(1.-ASP)+TLMNA+TLSNA-RNMN(ISL,ISA))

          WHPN(ISL,ISA)=MAX(1.E-10,WHPN(ISL,ISA)-THPNA+TBMNA*ABP+THSNA*ASP)

          !RSPC(ISL,ISA)=.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA+&

          !APCO2*THPCA

      END IF        

      WBMC(ISL,ISA)=MAX(1.E-10,WBMC(ISL,ISA)-TBMCA+X3)

      WHSC(ISL,ISA)=MAX(1.E-10,WHSC(ISL,ISA)-THSCA+X1)

      AD2=WBMC(ISL,ISA)+WHPC(ISL,ISA)+WHSC(ISL,ISA)+WLMC(ISL,ISA)+WLSC(ISL,ISA)

      RSPC(ISL,ISA)=MAX(0.,AD1-AD2)

      WHSN(ISL,ISA)=MAX(1.E-10,WHSN(ISL,ISA)-THSNA+TBMNA*(1.-ABP))

      WLSN(ISL,ISA)=MAX(1.E-10,WLSN(ISL,ISA)-TLSNA)

      WLMN(ISL,ISA)=MAX(1.E-10,WLMN(ISL,ISA)-TLMNA)

      X2=RSPC(ISL,ISA)*WSA(ISA)

      SMM(74,MO,ISA)=SMM(74,MO,ISA)+X2

      VAR(74,ISA)=VAR(74,ISA)+X2

      SMS(8,ISL,ISA)=SMS(8,ISL,ISA)+RSPC(ISL,ISA)

      TRSP=TRSP+RSPC(ISL,ISA)      

      RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

      DHN(ISL,ISA)=MAX(1.E-10,XHN-WHSN(ISL,ISA)-WHPN(ISL,ISA))

      DF=AD1-AD2-RSPC(ISL,ISA)

      SDF=SDF+DF

      IF(ABS(DF)>.1)WRITE(KW(1),3)IY,MO,KDA,ISL,AD1,AD2,RSPC(ISL,ISA),DF,SDF

      !XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

      !AD2=WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+XZ

      !DF=AD2-AD1

      !SDF=SDF+DF

      !IF(ABS(DF)>.01)WRITE(KW(1),3)IY,MO,KDA,ISL,AD1,AD2,DF,SDF

    3 FORMAT(1X,'NCNMI',4I4,10E16.6)      

      RETURN

      END






src/NCNSTD.f90

      SUBROUTINE NCNSTD(X1,X2,JSL)

!     THIS SUBPROGRAM REMOVES C AND N FROM STANDING RESIDUE AND ADDS IT

!     TO THE TOP SOIL LAYER AS A RESULT OF A TILLAGE OPERATION.

      USE PARM

      RLN=1000.*STDL(JJK,ISA)/(STDN(JJK,ISA)+1.E-5)

      RLR=MIN(.8,STDL(JJK,ISA)/(STD(JJK,ISA)+1.E-5))

      X7=1000.*X1

      C7=.42*X7*WSA(ISA)

      SMS(7,JSL,ISA)=SMS(7,JSL,ISA)+C7

      SMM(73,MO,ISA)=SMM(73,MO,ISA)+C7

      VAR(73,ISA)=VAR(73,ISA)+C7

      RCN=420.*STD(JJK,ISA)/(STDN(JJK,ISA)+1.E-5)

      X8=.85-.018*RLN

      IF(X8<.01)THEN

          X8=.01

      ELSE

          IF(X8>.7)X8=.7

      END IF    

      XX=X7*X8

      Y1=WLM(JSL,ISA)+XX

	  IF(Y1>0.)THEN

	      WLM(JSL,ISA)=Y1

          Y2=XX

      ELSE

	      Y2=-WLM(JSL,ISA)

          WLM(JSL,ISA)=1.E-5

	  END IF    

      XZ=X7-Y2

      WLS(JSL,ISA)=MAX(1.E-5,WLS(JSL,ISA)+XZ)

      WLSL(JSL,ISA)=MAX(1.E-5,WLSL(JSL,ISA)+XZ*RLR)

      X6=X2

      XY=.42*XZ

      WLSC(JSL,ISA)=MAX(1.E-5,WLSC(JSL,ISA)+XY)

      WLSLC(JSL,ISA)=MAX(1.E-5,WLSLC(JSL,ISA)+XY*RLR)

      WLSLNC(JSL,ISA)=WLSC(JSL,ISA)-WLSLC(JSL,ISA)

      X3=MIN(X6,XY/150.)

	  Y1=WLSN(JSL,ISA)+X3

	  IF(Y1>0.)THEN

	      Y2=X3

          WLSN(JSL,ISA)=Y1

	  ELSE

	      Y2=-WLSN(JSL,ISA)

	      WLSN(JSL,ISA)=1.E-5

	  END IF

	  WLMN(JSL,ISA)=MAX(1.E-5,WLMN(JSL,ISA)+X6-Y2)

      WLMC(JSL,ISA)=MAX(1.E-5,WLMC(JSL,ISA)+.42*XX)      

      RSD(JSL,ISA)=.001*(WLS(JSL,ISA)+WLM(JSL,ISA))

      ARSD(ISA)=ARSD(ISA)+X1

      RETURN

      END





     






src/NCONC.f90

      SUBROUTINE NCONC(P0,P5,P1,A,KW,MSO)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES PARAMETERS OF AN EQUATION DESCRIBING THE

!     N AND P RELATIONS TO CROP MATURITY.

      DIMENSION KW(MSO)

      A=5.0

      DO I=1,10

          A5=A*.5

          EA=EXP(A)

          EA1=EA-1.

          EG=EXP(-A5)

          P0G=P0*EG

          EG1=EXP(A5)

          PEG=P1*(EA-EG1)

          P01=P0*(1.-EG)

          X1=PEG-P01

          PG5=.5*P0G

          FU=X1/EA1+P0G-P5

          IF (ABS(FU)<1.E-7) GO TO 3

          DFDA=(EA1*(P1*(EA-.5*EG1)-PG5)-EA*X1)/(EA1*EA1)-PG5

          IF (DFDA==0) DFDA=FU

          A=A-FU/DFDA

      END DO

      WRITE (KW(1),4) A,FU

    3 P5=(P1*EA-P0)/EA1

      P0=P0-P5

      RETURN

    4 FORMAT (//T10,'NCONC DID NOT CONVERGE',2E16.6)

      END






src/NCONT.f90

      SUBROUTINE NCONT(I)

!     APEX1501

!     THIS SUBPROGRAM IS USED TO CHECK N & P BALANCES FOR TROUBLE-

!     SHOOTING PURPOSES.

      USE PARM

      DIMENSION ADX(16)

      DATA YLNX/0./

      WSAX=WSA(I)

      ZEK(I)=0.

      ZFK(I)=0.

      ZSK(I)=0.

      ZNO3(I)=0.

      ZNH3(I)=0.

      ZLSN(I)=0.

      ZLMN(I)=0.

      ZBMN(I)=0.

      ZHSN(I)=0.

      ZHPN(I)=0.

      ZNMU(I)=0.

      ZNOU(I)=0.

      ZLSC(I)=0.

      ZLMC(I)=0.

      ZBMC(I)=0.

      ZHSC(I)=0.

      ZHPC(I)=0.

      ZPML(I)=0.

      ZPO(I)=0.

      ZPMA(I)=0.

      ZPMU(I)=0.

      ZPOU(I)=0.

!     TRSD(I)=0.

      ZFOP(I)=0.

      ZNOS(I)=0.

      ZNOA(I)=0.

      ZPMS(I)=0.

      SW(I)=0.

      SUM=0.

      DO J=1,NBSL(I)

          ISL=LID(J,I)

          ZNO3(I)=ZNO3(I)+WNO3(ISL,I)

          ZNH3(I)=ZNH3(I)+WNH3(ISL,I)

          ZLSN(I)=ZLSN(I)+WLSN(ISL,I)

          ZLMN(I)=ZLMN(I)+WLMN(ISL,I)

          ZBMN(I)=ZBMN(I)+WBMN(ISL,I)

          ZHSN(I)=ZHSN(I)+WHSN(ISL,I)

          ZHPN(I)=ZHPN(I)+WHPN(ISL,I)

          ZNMU(I)=ZNMU(I)+WNMU(ISL,I)

          ZNOU(I)=ZNOU(I)+WNOU(ISL,I)

          ZLSC(I)=ZLSC(I)+WLSC(ISL,I)

          ZLMC(I)=ZLMC(I)+WLMC(ISL,I)

          ZBMC(I)=ZBMC(I)+WBMC(ISL,I)

          ZHSC(I)=ZHSC(I)+WHSC(ISL,I)

          ZHPC(I)=ZHPC(I)+WHPC(ISL,I)

          ZPML(I)=ZPML(I)+WPML(ISL,I)

          ZPMS(I)=ZPMS(I)+WPMS(ISL,I)

          ZPMA(I)=ZPMA(I)+WPMA(ISL,I)

          ZPMU(I)=ZPMU(I)+WPMU(ISL,I)

          ZPOU(I)=ZPOU(I)+WPOU(ISL,I)

          ZPO(I)=ZPO(I)+WPO(ISL,I)

          ZFOP(I)=ZFOP(I)+FOP(ISL,I)

          ZEK(I)=ZEK(I)+EXCK(ISL,I)

          ZFK(I)=ZFK(I)+FIXK(ISL,I)

          ZSK(I)=ZSK(I)+SOLK(ISL,I)

          ! TRSD(I)=TRSD(I)+RSD(ISL,I)

          SW(I)=SW(I)+SWST(ISL,I)

          SUM=SUM+RSPC(ISL,I)

      END DO

      SELECT CASE(IPCD)

          CASE(1) ! C

              SUM=.001*SUM*WSAX

              IF(IEXT(I)>0)THEN

                  X5=.001*VYC(IDOA(I))

                  X4=.001*VQC(IDOA(I))

                  X2=0.

                  X3=0.

              ELSE    

                  X5=.001*VYC(IDOR(I))

                  X4=.001*VQC(IDOR(I))

                  X2=.001*VYC(IDNF(I))

                  X3=.001*VQC(IDNF(I))

              END IF 

              V75=.001*VAR(75,I)*WSAX

              V140=.001*VAR(140,I)*WSAX

              V99=.001*VAR(99,I)*WSAX

              V73=.001*VAR(73,I)

              V101=.001*VAR(101,I)*WSAX

              V136=.001*VAR(136,I)

              ZOC(I)=ZLSC(I)+ZLMC(I)+ZBMC(I)+ZHSC(I)+ZHPC(I)

              FTC=.001*ZOC(I)*WSAX

              BAL=BTCZ(I)+X2-X5+X3-X4-V136-V75-SUM+V73+V99-V140-V101-FTC

              SBAL=SBAL+BAL

              IF(ABS(BAL)>.01)THEN

                  WRITE(KW(1),125)I,NBSA(I),IYR,MO,KDA,BTCZ(I),ZLSC(I),ZLMC&

                  (I),ZBMC(I),ZHSC(I),ZHPC(I),ZOC(I)

                  WRITE(KW(1),125)I,NBSA(I),IYR,MO,KDA,BTCZ(I),X2,X5,X3,X4,&

                  V136,V75,SUM,V73,V99,V140,V101,FTC,BAL,SBAL

              END IF

              BTCZ(I)=FTC

          CASE(2) ! H2O

              ESALA=SALA(ISA)

              X1=10.*BSALA(ISA)

              WSAX1=10.*WSA(ISA)

              ESW=WSAX1*SW(ISA)

              ESNO=WSAX1*SNO(ISA)

              EGWS=GWST(ISA)

              FSWL=SWLT(ISA)*WSAX1

              X3=EVRS(ISA)

              X4=VAR(4,ISA)

              X11=WSAX1*VAR(11,ISA)

              X72=VAR(72,ISA)

              X16=WSAX1*VAR(16,ISA)

              X71=VAR(71,ISA)

              X18=WSAX1*VAR(18,ISA)

              X110=WSAX1*VAR(110,ISA)

              X19=WSAX1*VAR(19,ISA)

              X86=VAR(86,ISA)

              X146=VAR(146,ISA)

              X147=VAR(147,ISA)

              X156=VAR(156,ISA)

              X157=VAR(157,ISA)

              IF(RSAE(ISA)>0.)THEN

                  X34=VARH(34,IDRO(ISA))

                  X37=VARH(37,IDRO(ISA))

              ELSE

                  X37=VAR(13,ISA)

                  IF(IEXT(ISA)>0)THEN

                      X34=VARH(34,IDOA(ISA))

                      X36=0.

                      X15=VARH(15,IDOA(ISA))

                      X17=0.

                  ELSE

                      X34=VARH(34,IDOR(ISA))

                      X36=VARH(34,IDNF(ISA))

                      X17=VARH(15,IDNF(ISA))

                      X15=VARH(15,IDOR(ISA))

                  END IF    

              END IF 

              CALL HSWBLD(X4,X37,X36,X34,X17,X15,X11,X147,X3,X16,X71,X72,&

              X18,X110,X19,X86,X146,X156,X157,BSNO(ISA),&

              ESNO,BSW(ISA),ESW,BRSV(ISA),RSV(ISA),BGWS(ISA),EGWS,&

              FSWL,BSALA(ISA),ESALA,ISA,NBSA(ISA),IY,MO,KDA,KW(1))

              BSW(ISA)=ESW

              BSNO(ISA)=ESNO

              BRSV(ISA)=RSV(ISA)

              BGWS(ISA)=EGWS

              BSALA(ISA)=ESALA

          CASE(3) ! P

              IF(IEXT(I)>0)THEN

                  X5=VAYP(IDOA(I))

                  X4=VAQP(IDOA(I))

                  X2=0.

                  X3=0.

              ELSE    

                  X5=VAYP(IDOR(I))

                  X4=VAQP(IDOR(I))

                  X2=VAYP(IDNF(I))

                  X3=VAQP(IDNF(I))

              END IF

              YLPX=WSAX*(TYP(I)-YLPX)

              ADD=0.

              TOT=0.

              DO J=1,12

                  TOT=TOT+STDP(J,I)

                  ADD=ADD+UP1(J,I)

              END DO

              V135=VAR(135,ISA)

              V51=VAR(51,ISA)*WSAX

              V56=V56*WSAX

              V57=V57*WSAX

              V90=VAR(90,ISA)*WSAX

              V106=VAR(106,ISA)*WSAX

              FTP=WSAX*(ZPML(I)+ZPMS(I)+ZPMA(I)+ZPO(I)+ZFOP(I)+ZPOU(I)+&

              ZPMU(I)+TOT+STDOP(I)+ADD)

              BAL=BTPZ(I)+X2-X5+X3-X4-V135-V51-YLPX+V56+V57+V106-V90-FTP

              SBAL=SBAL+BAL

              IF(ABS(BAL)>1.)THEN

                  WRITE(KW(1),3)I,NBSA(I),IY,MO,KDA

                  WRITE(KW(1),'(5X,12E12.5)')BTPZ(I),ZPML(I),ZPMS(I),&

                  ZPMA(I),ZPO(I),ZFOP(I),ZPMU(I),ZPOU(I),TOT,STDOP(I),ADD,FTP

                  WRITE(KW(1),2)X2,X5,X3,X4,V135,V51,YLPX,V56,V57,V106,V90,&

                  FTP,BAL,SBAL

              END IF

              V56=0.

              V57=0.

              BTPZ(I)=FTP

              YLPX=TYP(I)

          CASE(4) ! N

              IF(IEXT(I)>0)THEN

                  X5=VAYN(IDOA(I))

                  X4=VAQN(IDOA(I))

                  X15=VSSN(IDOA(I))

                  X17=0.

                  X2=0.

                  X3=0.

              ELSE    

                  X5=VAYN(IDOR(I))

                  X4=VAQN(IDOR(I))

                  X2=VAYN(IDNF(I))

                  X3=VAQN(IDNF(I))

                  X15=VSSN(IDOR(I))

                  X17=VSSN(IDNF(I))

              END IF

              X6=(TYN(I)-YLNX)*WSAX 

              ADD=0.

              TOT=0.

              DO J=1,12

                  TOT=TOT+STDN(J,I)

                  ADD=ADD+UN1(J,I)

              END DO

              ADX(1)=ADX(1)+X5

              ADX(2)=ADX(2)+X4

              ADX(3)=ADX(3)+X15

              ADX(4)=ADX(4)+RFQN(I)

              ADX(5)=ADX(5)+VAR(134,I)

              ADX(6)=ADX(6)+VAR(42,I)

              ADX(7)=ADX(7)+X6

              ADX(8)=ADX(8)+VAR(46,I)

              ADX(9)=ADX(9)+VAR(54,I)

              ADX(10)=ADX(10)+VAR(55,I)

              ADX(11)=ADX(11)+VAR(53,I)

              ADX(12)=ADX(12)+VAR(43,I)

              ADX(13)=ADX(13)+VAR(82,I)

              ADX(14)=ADX(14)+VAR(89,I)

              ADX(15)=ADX(15)+VAR(96,I)

              ADX(16)=ADX(16)+VAR(105,I)

              ZON(I)=ZLSN(I)+ZLMN(I)+ZBMN(I)+ZHSN(I)+ZHPN(I)

              !SUM=ZNO3(I)+ZNH3(I)+ZON(I)+TOT+STDON(I)+ADD+ZNMU(I)+ZNOU(I)

              SUM=ZNO3(I)+ZNH3(I)+ZON(I)+TOT+STDON(I)+ADD+ZNMU(I)

              FTN=SUM*WSAX+GWSN(I)

              BAL=BTNZ(I)+X2-X5+X3-X4+X17-X15+RFQN(I)-VAR(134,I)-VAR(42,I)&

              -X6-VAR(46,I)+VAR(54,I)+VAR(55,I)+VAR(53,I)+VAR(43,I)&

              -VAR(82,I)-VAR(89,I)-VAR(96,I)+VAR(105,I)-FTN

              SBAL=SBAL+BAL

              IF(ABS(BAL)>0.)THEN

                  WRITE(KW(1),'(A,2I8,3I4)')'N BAL (kg)',I,NBSA(I),IY,MO,KDA

                  WRITE(KW(1),'(5X,12F20.6)')BTNZ(I),ZNO3(I),ZNH3(I),ZON(I),&

                  TOT,STDON(I),ADD,ZNMU(I),ZNOU(I),SUM,GWSN(I),FTN

                  WRITE(KW(1),1)X2,X5,X3,X4,X17,X15,RFQN(I),VAR(134,I),&

                  VAR(42,I),X6,VAR(46,I),VAR(54,I),VAR(55,I),VAR(53,I),&

                  VAR(43,I),VAR(82,I),VAR(89,I),VAR(96,I),VAR(105,I),FTN,&

                  BAL,SBAL

                  WRITE(KW(1),'(10F20.6)')ADX

              END IF

              BTNZ(I)=FTN

              YLNX=TYN(I)

      END SELECT

      RETURN

    1 FORMAT(5X,'  YI=',F20.6,2X,'  YO=',F20.6,2X,'  QI=',F20.6,2X,&

      '  QO=',F20.6,2X,'SSNI=',F20.6,2X,'SSNO=',F20.6/5X,'  RF=',F20.6,&

      2X,'YNWN=',F20.6,2X,'DNIT=',F20.6,2X,' YLN=',F20.6,2X,'AVOL=',&

      F20.6,2X,'FNO3=',F20.6/5X,'FNH3=',F20.6,2X,' FNO=',F20.6,2X,&

      'NFIX=',F20.6,2X,'BURN=',F20.6,2X,'SCRP=',F20.6,2X,'DPKN=',F20.6/&

      5X,'PSON=',F20.6,2X,' FTN=',F20.6,2X,' BAL=',F20.6,2X,'SBAL=',F20.6)  

    2 FORMAT(5X,'  YI=',E12.5,2X,'  YO=',E12.5,2X,'  QI=',E12.5,2X,&

      '  QO=',E12.5,2X,'YPWN=',E12.5/5X,'PLCH=',E12.5,2X,' YLP=',E12.5,&

      2X,'FPMN=',E12.5,2X,' FPO=',E12.5,2X,'PSOP=',E12.5/5X,'SCRP=',&

      E12.5,2X,' FTP=',E12.5,2X,' BAL=',E12.5,2X,'SBAL=',E12.5)  

    3 FORMAT(/T10,'P BAL (kg)',2X,'SA#= ',I8,1X,'ID= ',I8,2X,3I4)

  125 FORMAT(1X,'^^^^^',2I8,1X,3I4,2X,20F10.2)

      END






src/NCQYL.f90

      SUBROUTINE NCQYL

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY C LOSS, GIVEN SOIL LOSS AND

!     ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      Y1=WBMC(LD1,ISA)

      YY=YSD(NDRV,ISA)

      Y4=PKRZ(LD1)

      V=0.

      VBC=0.

      QC(IDO)=0.

      QMM=.1*QVOL(IDO)/WSAX

      TOT=WSAX*(WHPC(LD1,ISA)+WHSC(LD1,ISA)+WLMC(LD1,ISA)+WLSC(LD1,ISA))

      X1=MAX(1.E-5,1.-YEW-YEWN)

      YC(IDO)=YEW*TOT

      YCWN(IDO)=YEWN*TOT

      WHSC(LD1,ISA)=WHSC(LD1,ISA)*X1

      WHPC(LD1,ISA)=WHPC(LD1,ISA)*X1

      WLS(LD1,ISA)=WLS(LD1,ISA)*X1

      WLM(LD1,ISA)=WLM(LD1,ISA)*X1

      WLSL(LD1,ISA)=WLSL(LD1,ISA)*X1

      WLSC(LD1,ISA)=WLSC(LD1,ISA)*X1

      WLMC(LD1,ISA)=WLMC(LD1,ISA)*X1

      WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*X1

      WLSLNC(LD1,ISA)=WLSC(LD1,ISA)-WLSLC(LD1,ISA)

      IF(Y1>.01)THEN

          V=QMM+Y4

          X1=MAX(5.*V,WT(LD1,ISA)*PRMT(21))

          IF(QMM>0.)QC(IDO)=Y1*QMM/X1

          VBC=MIN(.5*Y1,Y1*PKRZ(LD1)/X1)

          WBMC(LD1,ISA)=Y1-VBC-QC(IDO)

          WCMU(LD1,ISA)=MAX(0.,WCMU(LD1,ISA)-VBC-QC(IDO))

      END IF

      DO L=2,NBSL(ISA)

          ISL=LID(L,ISA)

          Y1=WBMC(ISL,ISA)+VBC

          WCMU(ISL,ISA)=WCMU(ISL,ISA)+VBC

          VBC=0.

          IF(Y1>.01)THEN

              V=PKRZ(ISL)

              IF(V>0.)THEN

                  XX=MIN(.75,PKRZ(ISL)/WT(ISL,ISA))

                  VBC=XX*Y1

              END IF

          END IF

          WBMC(ISL,ISA)=Y1-VBC

          WCMU(ISL,ISA)=WCMU(ISL,ISA)-VBC

      END DO

      VBC=VBC*WSAX

      SMM(75,MO,ISA)=SMM(75,MO,ISA)+VBC

      VAR(75,ISA)=VBC

      QC(IDO)=QC(IDO)*WSAX

      SMM(76,MO,ISA)=SMM(76,MO,ISA)+QC(IDO)

      VAR(76,ISA)=QC(IDO)

      SQC(IDO)=SQC(IDO)+QC(IDO)

      VQC(IDO)=QC(IDO)

      X4=MIN(.5*WHSC(LD1,ISA),.5*WCOU(LD1,ISA),YMNU(IDO)*WCOU(LD1,ISA)/(WSAX*RSDM(LD1,ISA)+1.E-10))

      WCOU(LD1,ISA)=WCOU(LD1,ISA)-X4

      WHSC(LD1,ISA)=WHSC(LD1,ISA)-X4

      X4=WSAX*X4

      YCOU(IDO)=X4

      YC(IDO)=YC(IDO)+X4

      SMM(77,MO,ISA)=SMM(77,MO,ISA)+YC(IDO)

      VAR(77,ISA)=YC(IDO)

      VYC(IDO)=YC(IDO)

      SMM(136,MO,ISA)=SMM(136,MO,ISA)+YCWN(IDO)

      VAR(136,ISA)=YCWN(IDO)

      RETURN

      END






src/NDNIT.f90

      SUBROUTINE NDNIT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY LOSS OF SOL N BY DENITRIFICATION.

      USE PARM

      X2=SWST(ISL,ISA)-FC(ISL,ISA)

      IF(X2>0.)THEN

          RTO=100.*(SWST(ISL,ISA)-FC(ISL,ISA))/(PO(ISL,ISA)-FC(ISL,ISA))

          !F=RTO/(RTO+EXP(SCRP(27,1)-SCRP(27,2)*RTO))

	      X1=MIN(PRMT(36),1.-EXP(-CDG(ISL,ISA)*WOC(ISL,ISA)/WT(ISL,ISA)))

          WDN=WNO3(ISL,ISA)*X1

	      IF(WDN>WNO3(ISL,ISA))WDN=WNO3(ISL,ISA)

          WNO3(ISL,ISA)=MAX(1.E-5,WNO3(ISL,ISA)-WDN)

      ELSE

          WDN=0.

      END IF    

      RETURN

      END






src/NDNITAK.f90

      SUBROUTINE NDNITAK(DZ)

!     APEX1501

!     THIS SUBPROGRAM DEVELOPED BY ARMEN KEMANIAN ESTIMATES DAILY 

!     DENITRIFICATION AND N2O LOSSES OF SOIL NO3.

      USE PARM

      DN2O=0.

! compute water factor

      WFP=SWST(ISL,ISA)/PO(ISL,ISA)

      AIRV=MAX(0.,(PO(ISL,ISA)-SWST(ISL,ISA))/DZ)

      X1=.90+.001*CLA(ISL,ISA)

      X2=(1.0001- AIRV)/X1

      IF(X2<.8)RETURN

      H2O_F=1./(1.+X2**(-60))

! compute nitrate factor

      ONO3_C=MAX(1.E-5,1000.*WNO3(ISL,ISA)/WT(ISL,ISA)) ! g/Mg or ppm

      ONO3_F=ONO3_C/(ONO3_C+60.)

! compute respiration factor

      X3=1000.*RSPC(ISL,ISA)/WT(ISL,ISA) ! units mg/kg

      C_F=MIN(1.,X3/50.)

      D_F=ONO3_F*H2O_F*C_F

      DNITMX=PRMT(35)*32.

! units g N / Mg soil / day (32 x 10-6 kg N kg-1 soil day-1)

      WDN=.001*D_F*DNITMX*WT(ISL,ISA) ! kg N /ha

      IF(WDN>WNO3(ISL,ISA))WDN=WNO3(ISL,ISA)

! compute N2O as a fraction of WDN

      DN2O=ONO3_F*(1.-SQRT(H2O_F))*(1.-C_F**.25)*WDN

      WNO3(ISL,ISA)=WNO3(ISL,ISA)-WDN

      RETURN

      END






src/NDNITCI.f90

      SUBROUTINE NDNITCI

      ! APEX1501

      USE PARM

      DATA B1,B2,B3/70.,140.,720./,COX/.032/,DAO2/7.2E-6/,O2MW/32./,&

      XN/2.58368E15/,FD/.19/,RGF,RMF/.547,.01785/,VU/1./,VL/-.15/,&

      DIAM1/3.27E-7/,STN/.0728/,A1/.61821/,T1/3.27536/,FCMX/3.06/,&

      VWCR/.03/,WPMP/153.06/,A,B,C/.002,1.4,.5/

      ! THIS LOOP CALCULATES THE PRODUCTION AND CONSUMPTION OF O2, CO2, AND

      ! N2O BY SOIL LAYER WITHIN ONE HOUR. IT ALSO UPDATES POOLS OF NO3 AND

      ! NO2 FACTOR TO CONVERT MASS (kg/ha FOR A GIVEN SOIL LAYER) TO 

      ! GAS CONCENTRATION (G/M3 SOIL)

	  AD1=0.

      AD2=0.

      AD3=0.

      XFCM=LOG10(FCMX)

      XMP=XFCM-LOG10(WPMP)

      XSTN=2.*STN

      DO J=1,NBCL

          AD1=AD1+WNO3(J,ISA)+WNO2(J,ISA)+WN2O(J,ISA)

          ! EA=TOTAL ELECTRONS ACCEPTED BY O2 AND N OXIDES

          EA=0.

          EAO2=0.

          EAO2R=0.

          ESRR=0.

          WN2G=0.

          ESMR=RSPC(J,ISA)/B3

          X4=SOT(J,ISA)+273.15

          IF(IDNT==3)THEN

              VWCE=MIN(.99,(VWC(J,ISA)-VWCR)/(TPOR(J,ISA)-VWCR))

              X3=.001*((VWCE**(-1./C)-1.)**(1./B))/A

              DW=MAX(1.01E-6,1.E-6+8.E-6*X3**(-0.945703126))

          ELSE

              DIAM2=1.E-6*(T1-(1./A1)*LOG((VU-VL)/(CBVT-VL)-1.))

              XFC=LOG10(VFC(J,ISA))

              BX=XMP/(LOG10(VWP(J,ISA))-XFC)

              A2=10.**(BX*XFC+XFCM)

              CONSTA=9.82*A2/XSTN

              CONSTB=1./BX

              PVC=(CONSTA*DIAM2)**CONSTB

              VEDW=VWC(J,ISA)-PVC

              HX=.9549*PVC/((.5*DIAM1)**2+(.5*DIAM2)**2+DIAM1*DIAM2/4.)

              XL=SQRT(HX**2+(.5*(DIAM2-DIAM1))**2)

              SA=1.5708*(DIAM1+DIAM2)*XL

              DW=MAX(1.1E-6,VEDW/SA)

          END IF

          DAO2TC=DAO2*(X4/293.15)**6

          XKT=1.5708E-10*XN*WBMC(J,ISA)*DAO2TC*DW/(DW-1.E-6)

          IF(XKT>0.)THEN

              QTB=XKT*(CLO2(J,ISA)-COX)-ESMR

              QTC=XKT*COX*CLO2(J,ISA)

              IF(QTB>1.E10)THEN

                  EAO2=ESMR

              ELSE

                  O2M=(QTB+SQRT(QTB*QTB+4.*XKT*QTC))/(2.*XKT)

                  EAO2=ESMR*O2M/(O2M+COX)

              END IF

          ELSE

              EAO2=0.

          END IF

          IF(RWTZ(J,ISA)>1.E-5.AND.JRRS==0)THEN

              ! NEW DERIVATION FOR ELECTRON SUPPLY DUE TO ROOT RESPIRATION

              ! SEE MODEL DOCUMENTATION

              ! ROOT RESPIRED C (KG C HA-1 D-1)

              X1=(RGF/(1.-RGF))*MAX(0.,DRWX(J,ISA))+RMF*RWTZ(J,ISA)

              RRTC=.42*X1

              ! ESRR=MOLE E- M-2 H-1 FROM ROOT RESPIRATION - USE ESRR

              ESRR=5.833E-4*X1

  	          RRC=ESRR*B3 

              !XKTR=54.573*DAO2TC*RWTZ(J,ISA)

              X2=LOG(DW/.001)

              IF(X2<=0.)X2=1.

              XKTR=125.664*DAO2TC*RWTZ(J,ISA)/X2

              QTBR=XKTR*(CLO2(J,ISA)-COX)-ESRR

              IF(QTBR>1.E10)THEN

                  EAO2R=ESRR

              ELSE

                  QTCR=XKTR*COX*CLO2(J,ISA)            

                  ! SOLVE QUADRATIC EQN FOR O2M AND O2MR

                  O2R=(QTBR+SQRT(QTBR*QTBR+4.*XKTR*QTCR))/(2.*XKTR)

                  ! ELECTRONS FROM MICROBE AND ROOT RESPIRATION ACCEPTED BY O2

                  EAO2R=ESRR*O2R/(O2R+COX)

              END IF

          END IF	

          SUM=EAO2+EAO2R

          ESD=ESMR+ESRR-SUM

          ! ELECTRONS AVAILABLE FOR DENITRIFICATION

          ESD=FD*ESD

          ! COMPETITION FOR ELECTRONS AMONG OXIDES OF N

          ! CALCULATE WEIGHING FACTORS FIRST

          X1=DZ10*VWC(J,ISA)

          CNO3=MAX(1.E-5,WNO3(J,ISA)/X1)

          CNO2=MAX(1.E-5,WNO2(J,ISA)/X1)

          WN5=2.*CNO3/(XKN5+CNO3)

          WN3=2.*CNO2/(XKN3*(1.+CNO3/XKN5)+CNO2)

          WN1=CLN2O(J,ISA)/(XKN1*(1.+CNO2/XKN3)+CLN2O(J,ISA))

          ! CALCULATE THE RATES OF REDUCTION OF OXIDES OF N

          X2=ESD/(WN1+WN3+WN5)

          X1=MAX(1.E-10,WNO3(J,ISA)/B1)

          EAN5=MIN(X1,X2*WN5)

          X1=MAX(1.E-10,WNO2(J,ISA)/B1)

          EAN3=MIN(X1,X2*WN3)

          IF(WN2O(J,ISA)>0.)THEN

              X1=WN2O(J,ISA)/B2

              EAN1=MIN(X1,X2*WN1)

          ELSE

              EAN1=0.

          END IF

          ! THESE ARE THE RESULTS BY LAYER AT THE END OF ONE HOUR

          ! IF NOT ALL ELECTRONS CAN BE ACCEPTED BY O2 (ESD>0.)

          ! TOTAL ELECTRONS ACCEPTED AND TRANSFORMATIONS OF N OXIDES

          EA=EA+EAO2+EAO2R+EAN5+EAN3+EAN1

          SMEA(J,ISA)=SMEA(J,ISA)+EA

          SMES(J,ISA)=SMES(J,ISA)+ESMR+ESRR

          ! EAD=TOTAL DEFICIT OF ELECTRONS

          EAD=EAN5+EAN3+EAN1

          ! LIQUID POOLS

          WNO3(J,ISA)=WNO3(J,ISA)-EAN5*B1

          WNO2(J,ISA)=WNO2(J,ISA)-(EAN3-EAN5)*B1

          ! GAS POOLS

          ! NITROUS OXIDE AND DINITROGEN

          ! GENN2O CALCULATES HOW MUCH N2O IS GENERATED (kg/ha/h per layer)

          GENN2O=EAN3*B1-EAN1*B2

          ! DN2OG(J,ISA) ACCUMULATES N2O GENERATED DURING A DAY (kg/ha)

          DN2OG(J,ISA)=DN2OG(J,ISA)+GENN2O

          ! WN2O(J,ISA) UPDATES THE N2O POOL (kg/ha). *WN2O(J,ISA)=DN2O(J,ISA)*

          WN2O(J,ISA)=WN2O(J,ISA)+GENN2O

          ! AN2OC(J,ISA) CONVERTS MASS OF N2O INTO CONCENTRATION (G/M3)

          AN2OC(J,ISA)=WN2O(J,ISA)/DZ10

          ! WN2G CALCULATES THE MASS OF N2 GENERATED (kg/ha)

          WN2G=EAN1*B2

          IF(WN2O(J,ISA)<0.)WRITE(KW(1),'(1X,A,4I4,10E16.6)')'~~~~~',IY,MO,&

          KDA,J,WN2O(J,ISA),GENN2O,WN2G

          ! DN2G(J,ISA) ACCUMULATES N2 GENERATED DURING A DAY (kg/ha)

          DN2G(J,ISA)=DN2G(J,ISA)+WN2G

          ! O2CONS= O2 CONSUMED (kg/ha)

          ! (MOL E/M2*1/4*MOL O2/MOL E*32 G O2/MOL O2*10.)

          O2CONS=2.5*SUM*O2MW

          ! DO2CONS ACCUMULATES O2 CONSUMED DAILY 

          ! CARBON DIOXIDE

          DO2CONS(J,ISA)=DO2CONS(J,ISA)+O2CONS

          ! AO2C(J,ISA) RECALCULATES O2 CONCENTRATION IN LAYER (G/M3)

          AO2C(J,ISA)=MAX(0.,AO2C(J,ISA)-O2CONS/DZ10)

          ! CO2GEN IS CO2 GENERATED (kg/ha)

          !(MOL E/M2*1/4*MOL C/MOL E*12 G C/MOL C*10.)

          ! FACTOR 10. ABOVE IS TO CONVERT G/M2 TO kg/ha

          CO2GEN=EA*30.

          !	  DCO2GEN(J,ISA) ACCUMULATES CO2 GENERATED DAILY 

          DCO2GEN(J,ISA)=DCO2GEN(J,ISA)+CO2GEN

          ! ACO2C(J,ISA) RECALCULATES CO2 CONCENTRATION IN LAYER (G/M3)

          ACO2C(J,ISA)=MAX(0.,ACO2C(J,ISA)+CO2GEN/DZ10)

          AD2=AD2+WNO3(J,ISA)+WNO2(J,ISA)+WN2O(J,ISA)

          AD3=AD3+WN2G

      END DO

      DF=AD2+AD3-AD1

      IF(ABS(DF/AD1)>1.E-5)WRITE(KW(1),1)IY,MO,KDA,AD1,AD2,AD3,DF

    1 FORMAT(1X,'NDNITCI',3I4,4E16.6)

      RETURN

      END






src/NEVN.f90

      SUBROUTINE NEVN

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD SOL N MOVEMENT CAUSED BY SOIL 

!     EVAPORATION.

      USE PARM

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      TOT=0.

      DO KK=NEV,2,-1

          ISL=LID(KK,ISA)

          IF(WNO3(ISL,ISA)<.001)CYCLE

          XX=SEV(ISL,ISA)*PRMT(86)*WNO3(ISL,ISA)/(SWST(ISL,ISA)+SEV(ISL,ISA))

          TOT=TOT+XX

          WNO3(ISL,ISA)=MAX(1.E-5,WNO3(ISL,ISA)-XX)

      END DO

      WNO3(LD1,ISA)=WNO3(LD1,ISA)+TOT

      RETURN

      END






src/NEVP.f90

      SUBROUTINE NEVP

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD SOLUBLE P MOVEMENT CAUSED BY SOIL

!     EVAPORATION.

      USE PARM

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      TOT=0.

      DO KK=NEV,2,-1

          ISL=LID(KK,ISA)

          IF(WPML(ISL,ISA)<.001.OR.SEV(ISL,ISA)<.001)CYCLE

          X1=MIN(.75,PRMT(59)*SEV(ISL,ISA)/WT(ISL,ISA))

          XX=WPML(ISL,ISA)*X1

          TOT=TOT+XX

          WPML(ISL,ISA)=WPML(ISL,ISA)-XX

          TEV1=TEV1+SEV(ISL,ISA)

      END DO

      TEVP=TEVP+TOT

      TEV1=TEV1+SEV(LD1,ISA)

      WPML(LD1,ISA)=WPML(LD1,ISA)+TOT

      RETURN

      END






src/NFERT-PADDY.f90

      SUBROUTINE NFERT_PADDY(APMU,JFT,KTX,JRT)

!     APEX0806

!     THIS SUBPROGRAM APPLIES N AND P FERTILIZER TO A PADDY FIELD AT SPECIFIED DATES,

!     RATES, AND DEPTH OR AUTOMATICALLY.  Modified from NFERT.F90 by Jaehak Jeong for paddy modeling

      USE PARM

      JRT=0

      IF(LUN(ISA)==35)RETURN

!     IF(ANA(IRO(ISA),ISA)>=FNMX(IRO(ISA),ISA).AND.IRC/=1)RETURN

      X1=0.

      X8=0.

      I=LID(1,ISA)

      ZFT=TLD(JFT)

      WSAX=WSA(ISA)

      KF=LFT(IRO(ISA),KTX,ISA)

      X1=WFA(IRO(ISA),KTX,ISA)



      IF(FOC(KF)<1.E-10)THEN

          DO J=1,NBSL(ISA)

              I=LID(J,ISA)

              IF(ZFT<Z(I,ISA))EXIT

          END DO

          IF(X1<1.E-10)THEN

              X3=MAX(UNA(JJK,ISA)-TNOR(ISA),0.)

              X1=X3/FN(KF)

              IF(X1>0.)GO TO 1

              RETURN

          END IF

								

      END IF

	  

      X3=X1*FN(KF)

      GO TO 12

    1 X8=FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA)

      IF(X8<1.E-10)THEN

          JRT=1

          RETURN 

      END IF

      IF(X3<=X8)GO TO 12

      X3=X8

      X1=X3/FN(KF)

   12 X2=X1*FP(KF)

      X9=X1*FK(KF)

      SOLK(I,ISA)=SOLK(I,ISA)+X9

      SMM(148,MO,ISA)=SMM(148,MO,ISA)+X9

      VAR(148,ISA)=X9

      X4=X3*FNMA(KF)

      X5=X1*FNO(KF)

      X6=X1*FPO(KF)

      X7=X3-X4

      X8=X1*FOC(KF)

      X11=X1*FSLT(KF)

      XX8=X8*WSAX

      SMM(99,MO,ISA)=SMM(99,MO,ISA)+XX8

      VAR(99,ISA)=XX8

      

      !Add nutrients in fertilizer to ponding water

      PADDY_STO(3,ISA)=PADDY_STO(3,ISA)+X7 !Nitrate N, kg/ha

      PADDY_STO(4,ISA)=PADDY_STO(4,ISA)+X2 !Mineral P, kg/ha

      PADDY_STO(5,ISA)=PADDY_STO(5,ISA)+X5 !Organic N, kg/ha

      PADDY_STO(6,ISA)=PADDY_STO(6,ISA)+X6 !Organic P, kg/ha

      PADDY_STO(7,ISA)=PADDY_STO(7,ISA)+X4 !Ammonia N, kg/ha

   

				

									  

										   

										   

      SMM(54,MO,ISA)=SMM(54,MO,ISA)+X7*WSAX

      SMM(55,MO,ISA)=SMM(55,MO,ISA)+X4*WSAX

      SMM(57,MO,ISA)=SMM(57,MO,ISA)+X2*WSAX

      ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+X3



      TFNO=TFNO+X5*WSA(ISA)

      TFMN=TFMN+X7*WSA(ISA)

      TFMA=TFMA+X4*WSA(ISA)

      VAR(57,ISA)=VAR(57,ISA)+X2*WSAX

					

      VAR(54,ISA)=VAR(54,ISA)+X7*WSAX

      VAR(55,ISA)=VAR(55,ISA)+X4*WSAX

      IF(ZFT<.01)THEN

          FSFN(ISA)=FSFN(ISA)+X5+X7+X4

          FSFP(ISA)=FSFP(ISA)+X6+X2

      END IF

      WSLT(I,ISA)=WSLT(I,ISA)+X11

      SMM(132,MO,ISA)=SMM(132,MO,ISA)+X11

      FRTN(JJK,ISA)=FRTN(JJK,ISA)+X3+X5

      FRTP(JJK,ISA)=FRTP(JJK,ISA)+X2+X6

      VAR(132,ISA)=X11

	   XX=X1*FCST(KF)

      COST(ISA)=COST(ISA)+XX

      IF(KFL(31)>0)THEN

          WRITE(KW(31),34)ISA,NBSA(ISA),IYR,MO,KDA,FTNM(KF),KDC(JJK),&

          KDF(KF),IHC(JFT),NBE(JFT),NBT(JFT),XX,XX,X1

      END IF

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.X1>0..AND.KFL(1)>0)THEN

		 WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),IHD,FTNM(KF)&

		 ,X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

      END IF

      IF(KFL(19)>0)WRITE(KW(19),22)ISA,NBSA(ISA),IYR,MO,KDA,IY,IDON&

      (ISA),IHD,FTNM(KF),X1,X3,X4,X5,X2,X6

      APMU=X1*WSA(ISA)

      FCMN(ISA)=FCMN(ISA)+X3+X5

      FCMP(ISA)=FCMP(ISA)+X2+X6

      NDFA(ISA)=0

      

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X'HUSC=',F5.2)

   22 FORMAT(1X,2I8,1X,I4,2I2,3I4,3X,A8,F8.0,6F8.2)

   25 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'FA#=',I4,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X,'HUSC=',F5.2)

   34 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,2X,4I4,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/NFERT.f90

      SUBROUTINE NFERT(APMU,IRC,JFT,KTX,JRT)

!     APEX1501

!     THIS SUBPROGRAM APPLIES N AND P FERTILIZER AT SPECIFIED DATES,

!     RATES, AND DEPTH OR AUTOMATICALLY.

      USE PARM

      JRT=0

      IF(LUN(ISA)==35)RETURN

!     IF(ANA(IRO(ISA),ISA)>=FNMX(IRO(ISA),ISA).AND.IRC/=1)RETURN

      X1=0.

      X8=0.

      I=LID(1,ISA)

      ZFT=TLD(JFT)

      WSAX=WSA(ISA)

      SELECT CASE(IRC)

	      CASE(1,2)

	          I1=IABS(IAPL(ISA))

              KF=IDFT(IRC,I1)

	      CASE(3)

	          KF=IDMU(IHD,IOW)

	      CASE(4)

	          KF=IDFT(IRC,ISA)

	      CASE(5)    

	          KF=IDFT(IRC,ISA)

	      CASE(6)

	          KF=LFT(IRO(ISA),KTX,ISA)

              X1=WFA(IRO(ISA),KTX,ISA)

              GO TO 5

          CASE(7)

              KF=IDFT(3,ISA)

              X1=APMU

	          X3=0.

	          GO TO 12              

	      CASE(8)

              KF=IDFT(6,ISA)

              X1=APMU

	          X3=0.

	          GO TO 12              

      END SELECT

      IF(IRC/=3.AND.IRC/=4.AND.IRC/=7.AND.MNUL/=0)THEN

          XX=FP(KF)+FPO(KF)

          XX1=XMAP(ISA)/XX

          XX2=SAMA(ISA)/XX

          IF(XX2>=XX1)THEN

              JRT=1

              RETURN 

          END IF

          APMU=MIN(APMU,XX1-XX2)

      END IF

      X1=APMU

    5 IF(FOC(KF)<1.E-10)THEN

          DO J=1,NBSL(ISA)

              I=LID(J,ISA)

              IF(ZFT<Z(I,ISA))EXIT

          END DO

          IF(X1<1.E-10)THEN

              X3=MAX(UNA(JJK,ISA)-TNOR(ISA),0.)

              X1=X3/FN(KF)

              IF(X1>0.)GO TO 1

              RETURN

          END IF

      END IF

      X3=X1*FN(KF)

      GO TO 12

    1 X8=FNMX(IRO(ISA),ISA)-ANA(IRO(ISA),ISA)

      IF(X8<1.E-10)THEN

          JRT=1

          RETURN 

      END IF

      IF(X3<=X8)GO TO 12

      X3=X8

      X1=X3/FN(KF)

   12 X2=X1*FP(KF)

      X9=X1*FK(KF)

      SOLK(I,ISA)=SOLK(I,ISA)+X9

      SMM(148,MO,ISA)=SMM(148,MO,ISA)+X9

      VAR(148,ISA)=X9

      X4=X3*FNMA(KF)

      X5=X1*FNO(KF)

      X6=X1*FPO(KF)

      X7=X3-X4

      X8=X1*FOC(KF)

      X11=X1*FSLT(KF)

      XX8=X8*WSAX

      SMM(99,MO,ISA)=SMM(99,MO,ISA)+XX8

      VAR(99,ISA)=XX8

      IF(X8<.1)THEN

          WPML(I,ISA)=WPML(I,ISA)+X2

          WNO3(I,ISA)=WNO3(I,ISA)+X7

          WNH3(I,ISA)=WNH3(I,ISA)+X4

      ELSE

          RLN=.175*X8/(X3+X5)

          X10=.85-.018*RLN

          IF(X10<.01)THEN

              X10=.01

          ELSE

              IF(X10>.7)X10=.7

          END IF   

          XX=X8*X10

          WLMC(I,ISA)=WLMC(I,ISA)+XX

          YY=X1*X10

          WLM(I,ISA)=WLM(I,ISA)+YY

          ZZ=X5*X10

          WLMN(I,ISA)=WLMN(I,ISA)+ZZ

          WLSN(I,ISA)=WLSN(I,ISA)+X5-ZZ

          XZ=X8-XX

          WLSC(I,ISA)=WLSC(I,ISA)+XZ

          WLSLC(I,ISA)=WLSLC(I,ISA)+XZ*.175

          WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

          YZ=X1-YY

          WLS(I,ISA)=WLS(I,ISA)+YZ

          WLSL(I,ISA)=WLSL(I,ISA)+YZ*.175

          !WHSC(I,ISA)=WHSC(I,ISA)+X8

          !WHSN(I,ISA)=WHSN(I,ISA)+X5

          WPMU(I,ISA)=WPMU(I,ISA)+X2

          WNMU(I,ISA)=WNMU(I,ISA)+X3

          Z1=.001*X1

          RSDM(I,ISA)=RSDM(I,ISA)+Z1

          WCOU(I,ISA)=WCOU(I,ISA)+X8

          WNOU(I,ISA)=WNOU(I,ISA)+X5

          WPOU(I,ISA)=WPOU(I,ISA)+X6

          SMM(78,MO,ISA)=SMM(78,MO,ISA)+Z1

          X53=WSAX*X5

          SMM(53,MO,ISA)=SMM(53,MO,ISA)+X53

          VAR(53,ISA)=VAR(53,ISA)+X53

          X56=WSAX*X6

          SMM(56,MO,ISA)=SMM(56,MO,ISA)+X56

          VAR(56,ISA)=VAR(56,ISA)+X56

      END IF

      ANA(IRO(ISA),ISA)=ANA(IRO(ISA),ISA)+X3

      SMM(54,MO,ISA)=SMM(54,MO,ISA)+X7*WSAX

      SMM(55,MO,ISA)=SMM(55,MO,ISA)+X4*WSAX

      X57=WSAX*X2

      SMM(57,MO,ISA)=SMM(57,MO,ISA)+X57

      VAR(57,ISA)=VAR(57,ISA)+X57

      VAR(54,ISA)=VAR(54,ISA)+X7*WSAX

      VAR(55,ISA)=VAR(55,ISA)+X4*WSAX

      V56=VAR(56,ISA)

      V57=VAR(57,ISA)

      IF(ZFT<.01)THEN

          FSFN(ISA)=FSFN(ISA)+X5+X7+X4

          FSFP(ISA)=FSFP(ISA)+X6+X2

      END IF

      WSLT(I,ISA)=WSLT(I,ISA)+X11

      SMM(132,MO,ISA)=SMM(132,MO,ISA)+X11

      IF(IRC/=3)THEN

          FRTN(JJK,ISA)=FRTN(JJK,ISA)+X3+X5

          FRTP(JJK,ISA)=FRTP(JJK,ISA)+X2+X6

          FRTK(JJK,ISA)=FRTK(JJK,ISA)+X9

      END IF

      VAR(132,ISA)=X11

	  XX=X1*FCST(KF)

      COST(ISA)=COST(ISA)+XX

      IF(IRC==4)THEN

          Y1=COTL(JFT)

          Y2=Y1-COOP(JFT)

          COST(ISA)=COST(ISA)+Y1

          CSFX=CSFX+Y2

      END IF

      IF(KFL(31)>0)THEN

          WRITE(KW(31),34)ISA,NBSA(ISA),IYR,MO,KDA,FTNM(KF),KDC(JJK),&

          KDF(KF),IHC(JFT),NBE(JFT),NBT(JFT),XX,XX,X1

          IF(IRC==4)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JFT),&

          KDC(JJK),IHC(JFT),NBE(JFT),NBT(JFT),Y1,Y2,FULU(JFT)

      END IF

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.X1>0..AND.KFL(1)>0)THEN

          IF(IRC>1)THEN

              WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),IHD,FTNM(KF)&

              ,X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

          ELSE     

              WRITE(KW(1),25)ISA,NBSA(ISA),IYR,MO,KDA,IDON(ISA),NBSA(I1),&

              FTNM(KF),X1,ZFT,X3,X4,X5,X2,X6,X9,XHSM(ISA)

          END IF   

      END IF

      IF(KFL(19)>0)WRITE(KW(19),22)ISA,NBSA(ISA),IYR,MO,KDA,IY,IDON&

      (ISA),IHD,FTNM(KF),X1,X3,X4,X5,X2,X6

      APMU=X1*WSA(ISA)

      IF(IRC==6)THEN

          IF(X8<.1)GO TO 15

      END IF

      IF(IRC==4.OR.IRC==7)GO TO 15

      !IF(NHRD(IOW)>0)THEN

          !IF(IAPL(ISA)==0)RETURN

      !END IF

      SMM(81,MO,ISA)=SMM(81,MO,ISA)+APMU

      VAR(81,ISA)=APMU

      SAMA(ISA)=SAMA(ISA)+X2+X6

      TMAP=TMAP+APMU

	  OMAP(IDON(ISA))=OMAP(IDON(ISA))+APMU

!	  IF(IDON(ISA)==32)THEN

!	      WRITE(KW(1),101)ISA,NBSA(ISA),IY,MO,KDA,APMU,SMNU(32),&

!	      &XMAP(ISA),SAMA(ISA)

!	  END IF

! 101 FORMAT(1X,'!!!!!',2I8,3I4,4E16.6)	  

	  IF(IRC==3)RETURN

      GO TO 16

   15 FCMN(ISA)=FCMN(ISA)+X3+X5

      FCMP(ISA)=FCMP(ISA)+X2+X6

   16 NDFA(ISA)=0

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X'HUSC=',F5.2)

   22 FORMAT(1X,2I8,1X,I4,2I2,3I4,3X,A8,F8.0,6F8.2)

   25 FORMAT(1X,2I8,1X,I4,2I2,2X,'IDON=',I4,2X,'FA#=',I4,2X,A8,2X,&

      'RATE=',F8.0,'kg/ha',1X,'DPTH=',F8.2,'mm ELEM WT(kg/ha)--',1X,'MN='&

      ,F7.0,1X,'NH3=',F7.0,1X,'ON=',F7.0,1X,'MP=',F7.0,1X,'OP=',F7.0,1X,&

      'MK=',F7.0,1X,'HUSC=',F5.2)

   34 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,2X,4I4,F10.2,10X,2F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/NFIX.f90

      SUBROUTINE NFIX

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES N FIXATION FOR LEGUMES.

      USE PARM

      IF(HUI(JJK,ISA)<.15.OR.HUI(JJK,ISA)>.75)GO TO 8

      SUM=0.

      TOT=0.

      ADD=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>.3)GO TO 3

          SUM=SUM+SWST(ISL,ISA)-S15(ISL,ISA)

          TOT=TOT+FC(ISL,ISA)-S15(ISL,ISA)

      END DO

      GO TO 4

    3 L1=LID(J-1,ISA)

      RTO=(.3-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      SUM=SUM+(SWST(ISL,ISA)-S15(ISL,ISA))*RTO

      TOT=TOT+(FC(ISL,ISA)-S15(ISL,ISA))*RTO

    4 X1=SUM/TOT

      IF(X1<=.25)GO TO 8

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>RD(JJK,ISA))GO TO 6

          ADD=ADD+WNO3(ISL,ISA)

      END DO

      GO TO 7

    6 L1=LID(J-1,ISA)

      RTO=(RD(JJK,ISA)-Z(L1,ISA))/(Z(ISL,ISA)-Z(L1,ISA))

      ADD=ADD+WNO3(ISL,ISA)*RTO

    7 FXN=1.5-.005*ADD/RD(JJK,ISA)

      IF(FXN<=0.)GO TO 8

      FXW=1.333*X1-.333

      FXG=(HUI(JJK,ISA)-.1)*5.

      FXS=4.-5.*HUI(JJK,ISA)

      FXP=MIN(FXG,FXS,1.)

      FIXR=MIN(FXW,FXN,1.)*FXP

      WFX=FIXR*UNM

    8 WFX=PRMT(7)*WFX+(1.-PRMT(7))*UNM

      WFX=MIN(PRMT(28),WFX)

      SMM(43,MO,ISA)=SMM(43,MO,ISA)+WFX*WSA(ISA)

      UNM=UNM-WFX

      RETURN

      END






src/NFTBL.f90

      SUBROUTINE NFTBL(K)

!     APEX1501

!     THIS SUBPROGRAM READS FERTILIZER TABLE TO DETERMINE PARAMETERS OF

!     INPUT FERTILIZER

      USE PARM

      DIMENSION YTP(10)

      IF(NDF>0)THEN

          DO K=1,NDF

              IF(KDF(K)==JX(7))RETURN

          END DO

      END IF

      NDF=NDF+1

      KDF(NDF)=JX(7)

      KDF1(JX(7))=NDF

      READ(KR(9),'()')

      READ(KR(9),'()')

!     READ FERTILIZER TABLE

!  1  FTNM = FERTILIZER NAME

!  2  FN   = MINERAL N FRACTION

!  3  FP   = MINERAL P FRACTION

!  4  FK   = MINERAL K FRACTION

!  5  FNO  = ORGANIC N FRACTION

!  6  FPO  = ORGANIC P FRACTION

!  7  FNH3 = AMMONIA N FRACTION(FNH3/FN)

!  8  FOC  = ORGANIC C FRACTION

!  9  FSLT = SALT FRACTION

! 10  FCST = COST OF FERTILIZER($/KG)

      I=-1

      DO WHILE(I/=JX(7))

          READ(KR(9),395,IOSTAT=NFL)I,FTNM(NDF),(YTP(J),J=2,10)

          IF(NFL/=0)THEN

              WRITE(*,*)'FERT NO = ',JX(7),' NOT IN FERT LIST FILE     &

              SAID = ',NBSA(ISA)

              STOP

          END IF

      END DO

      FN(NDF)=YTP(2)

      FP(NDF)=YTP(3)

      FK(NDF)=YTP(4)

      FNO(NDF)=YTP(5)

      FPO(NDF)=YTP(6)

      FNMA(NDF)=YTP(7)

      FOC(NDF)=YTP(8)

      FSLT(NDF)=YTP(9)

      FCST(NDF)=YTP(10)

      REWIND KR(9)

      RETURN

  395 FORMAT(1X,I4,1X,A8,10F8.3)

      END






src/NITVOL.f90

      SUBROUTINE NITVOL(Z5)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE TRANSFORMATION FROM NH3 TO NO3, AND

!     THE VOLATILIZATION OF NH3 USING MODIFIED METHODS OF REDDY AND OF

!     THE CERES MODEL

      USE PARM

      X1=.41*((STMP(ISL,ISA)-5.)/10.)

      WSAX=WSA(ISA)

      IF(X1>0.)THEN

          IF(ISL==LID(1,ISA))THEN

              FAF=.335+.16*LOG(U10(IRF(ISA))+.2)

              AKAV=X1*FAF

          ELSE

              FCEC=MAX(PRMT(27),1.-.038*CEC(ISL,ISA))

              X2=Z5

              IF(SCLM(12)>0.)X2=MIN(X2,SCLM(12))

              FZ=1.-.5*(X2/(X2+EXP(SCRP(12,1)-SCRP(12,2)*X2)))

              AKAV=X1*FCEC*FZ

          END IF

          IF(PH(ISL,ISA)>7.)THEN

              IF(PH(ISL,ISA)>7.4)THEN

                  FPH=5.367-.599*PH(ISL,ISA)

              ELSE

                  FPH=1.

              END IF

          ELSE

              FPH=.307*PH(ISL,ISA)-1.269

          END IF    

          AKAN=X1*SUT(ISL,ISA)*FPH

          AKAV=AKAV*SUT(ISL,ISA)

          XX=AKAV+AKAN

          IF(XX>0.)THEN

              F=MIN(PRMT(80),1.-EXP(-XX))

              X1=F*WNH3(ISL,ISA)

              AVOL=X1*PRMT(72)

              SVOL=SVOL+AVOL

              IF(NTV==0)THEN

                  RNIT=X1-AVOL

                  WNH3(ISL,ISA)=WNH3(ISL,ISA)-AVOL-RNIT

                  WNO3(ISL,ISA)=WNO3(ISL,ISA)+RNIT

                  SNIT=SNIT+RNIT

              ELSE

                  F=MIN(1.,PRMT(80)*AKAN)

                  GNO2=F*WNH3(ISL,ISA)

                  WNH3(ISL,ISA)=WNH3(ISL,ISA)-GNO2-AVOL

                  WNO2(ISL,ISA)=WNO2(ISL,ISA)+GNO2

                  IF(PH(ISL,ISA)>5.5)THEN

                      IF(PH(ISL,ISA)>7.2)THEN

                          FPH=4.367-.5324*PH(ISL,ISA)

                      ELSE

                          FPH=1.

                      END IF

                  ELSE

                      FPH=.307*PH(ISL,ISA)-1.269

                  END IF

                  AKAN=X1*SUT(ISL,ISA)*FPH

                  F=MIN(1.,PRMT(80)*AKAN)

                  GNO3=F*WNO2(ISL,ISA)

                  WNO2(ISL,ISA)=WNO2(ISL,ISA)-GNO3

                  WNO3(ISL,ISA)=WNO3(ISL,ISA)+GNO3

                  SNIT=SNIT+GNO2

              END IF    

          END IF    

      END IF    

      RETURN

      END






src/NKMIN.f90

      SUBROUTINE NKMIN

!     APEX1501

!     THIS SUBPROGRAM COMPUTES K FLUX BETWEEN THE WATER SOLUBLE,

!     EXCHANGEABLE, & FIXED POOLS

      USE PARM

      RSE=(SOLK(ISL,ISA)-EXCK(ISL,ISA)*EQKS(ISL,ISA))*PRMT(98)

      REF=(EXCK(ISL,ISA)-FIXK(ISL,ISA)*EQKE(ISL,ISA))*PRMT(99)

      SOLK(ISL,ISA)=MAX(.0001,SOLK(ISL,ISA)-RSE)

      EXCK(ISL,ISA)=MAX(.0001,EXCK(ISL,ISA)+RSE-REF)

      FIXK(ISL,ISA)=FIXK(ISL,ISA)+REF

      RETURN

      END






src/NKUP.f90

      SUBROUTINE NKUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY K DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(35)>0.)X1=MIN(HUI(JJK,ISA),SCLM(35))

          CPT=(BK(4,JJK)-BK(3,JJK))*(1.-X1/(X1+EXP(BK(1,JJK)-BK(2,JJK)*X1)))+BK(3,JJK)

      ELSE

          CPT=BK(2,JJK)+BK(1,JJK)*EXP(-BK(4,JJK)*HUI(JJK,ISA))

      END IF

      UK2=CPT*DM(JJK,ISA)*1000.

      IF(UK2<UK1(JJK,ISA))UK2=UK1(JJK,ISA)

      UKM=MIN(4000.*BK(3,JJK)*DDM(JJK),UK2-UK1(JJK,ISA))

      UKM=MAX(0.,UKM)

      RETURN

      END






src/NLCH.f90

      SUBROUTINE NLCH(L1)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOL N LEACHING BY PERCOLATION AND

!     LATERAL SUBSURFACE FLOW FOR ALL LAYERS EXCEPT THE SURFACE LAYER.

      USE PARM

      real:: PFRAC,WSAX1

	  

      WSAX1=10.*WSA(ISA)

      WNO3(ISL,ISA)=WNO3(ISL,ISA)+VNO3(L1,ISA)

      WSLT(ISL,ISA)=WSLT(ISL,ISA)+VSLT(ISA)

      WPML(ISL,ISA)=WPML(ISL,ISA)+VAP(ISA)

      WPMU(ISL,ISA)=WPMU(ISL,ISA)+VPU(ISA)

      SSFN=0.

      SSFK=0.

      VNO3(ISL,ISA)=0.

      VAP(ISA)=0.

      VPU(ISA)=0.

      VSLT(ISA)=0.

      SSST=0.

      QSFN=0.

      QSFP=0.

      VH=QSF(ISL,ISA)+CPFH(ISL,ISA)

      V=PKRZ(ISL)+SSF(ISL,ISA)+VH !mm Jaehak 2023

      IF(V>0.)THEN 

          X2=PO(ISL,ISA)*PRMT(4)*(1.-.01*ROK(ISL,ISA))**2   

          VP=V/X2

          IF(VP>5.)THEN

              X1=.99

          ELSE

              X1=1.-EXP(-VP)

          END IF

          IF(WNO3(ISL,ISA)>0.)THEN

              VQN=WNO3(ISL,ISA)*X1

              VQNU=WNMU(ISL,ISA)*X1

              VV=(VQN+VQNU)/(V+1.E-5)

              IF(WNO3(ISL,ISA)<VQN)VQN=WNO3(ISL,ISA)

              WNO3(ISL,ISA)=WNO3(ISL,ISA)-VQN

              IF(WNMU(ISL,ISA)<VQNU)VQNU=WNMU(ISL,ISA)

              WNMU(ISL,ISA)=WNMU(ISL,ISA)-VQNU

              VNO3(ISL,ISA)=VV*PKRZ(ISL)

              SSFN=VV*SSF(ISL,ISA)

              QSFN=VV*VH

          END IF

          IF(SOLK(ISL,ISA)>0.)THEN

              X3=SOLK(ISL,ISA)*X1

              SOLK(ISL,ISA)=SOLK(ISL,ISA)-X3

              CK1=X3/(V+1.E-5)

              VSK(ISA)=CK1*PKRZ(ISL)

              SSFK=CK1*(SSF(ISL,ISA)+VH)

          END IF

          IF(WSLT(ISL,ISA)>0.)THEN

              X3=WSLT(ISL,ISA)*X1

              WSLT(ISL,ISA)=MAX(1.E-5,WSLT(ISL,ISA)-X3)

              CS1=X3/(V+1.E-5)

              VSLT(ISA)=CS1*PKRZ(ISL)

              SSST=CS1*(SSF(ISL,ISA)+VH)

          END IF 

          IF(WPML(ISL,ISA)>0..OR.WPMU(ISL,ISA)>0.)THEN

              X1=CLA(ISL,ISA)

              IF(SCLM(29)>0.)X1=MIN(X1,SCLM(29))

              F=X1/(X1+EXP(SCRP(29,1)-SCRP(29,2)*X1))

              DK=F*PRMT(96)

              XX=MIN(.75,V/(WT(ISL,ISA)*DK))

              IF(LBP==0)THEN

	              ! GLEAMS LINEAR EQ

	              X3=XX*(WPML(ISL,ISA)+WPMU(ISL,ISA)) !manure portion is added, jaehak 2020

              ELSE

                  ! LANGMUIR EQ SOLUTION

                  X2=(WPML(ISL,ISA)+WPMU(ISL,ISA)) !manure portion is added, jaehak 2020

                  QQ=MIN(.1*V,5.)

                  AD1=0.

                  AD2=0.

                  QT=0.

                  IND=0

                  !WRITE(KW(1),'(T10,A,3I4,A,F8.3)')'Y-M-D',IY,MO,KDA,' QVOL=',V

                  DO 

                      AD1=AD1+QQ

                      IF(AD1>V)THEN

                          AD1=AD1-QQ

                          QQ=V-AD1

                          AD1=V

                          IND=1

                      END IF    

                      CS=1000.*X2/WT(ISL,ISA)

                      X1=MAX(1.,CPMX(ISA)-CS)

	                  CL=10.*CS/(PRMT(96)*X1)    

	                  QT=.01*CL*QQ

	                  AD2=AD2+QT

	                  !WRITE(KW(1),2)WPML(ISL,ISA),CS,CL,QT,AD1,AD2

	                  IF(IND>0)EXIT

	                  X2=X2-QT

                  END DO    

                  X3=AD2

              END IF    

              IF(X3>WPML(ISL,ISA)+WPMU(ISL,ISA)) X3=WPML(ISL,ISA)+WPMU(ISL,ISA)

              PFRAC = WPML(ISL,ISA)/(WPML(ISL,ISA)+WPMU(ISL,ISA))

              VAP(ISA)=X3*PFRAC*PKRZ(ISL)/V

              VPU(ISA)=X3*(1.-PFRAC)*PKRZ(ISL)/V

              QSFP=X3*QSF(ISL,ISA)/V

              WPML(ISL,ISA)=WPML(ISL,ISA)-QSFP*PFRAC-VAP(ISA)  !subtract lateral and vertical loss of soluble P from the soil layer

              WPMU(ISL,ISA)=WPMU(ISL,ISA)-QSFP*(1.-PFRAC)-VPU(ISA)

          END IF

      END IF

      RETURN

      END






src/NLGB.f90

      SUBROUTINE NLGB(WTI,WTO,SOFU,WTB,WTE,ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE LAGOON MANURE BALANCE.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=WTB+WTI-WTO-SOFU-WTE

	  PER=200.*DF/(WTB+WTE)

!	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)ISA,NBSA(ISA)

	  WRITE(KW(1),1)PER,DF,WTB,WTI,WTO,SOFU,WTE     

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'WTB =',E13.6,2X,&

      'WTI =',E13.6,2X,'WTO =',E13.6,2X,'OFMU=',E13.6/5X,'WTE =',E13.6)

    2 FORMAT(/T10,'LAGOON MANURE BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/NLIMA.f90

      SUBROUTINE NLIMA(SB,DSB,C1,PH,ALS,OC,BSA)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES ALUMINUM SATURATION USING BASE SATURA-

!     TION, ORGANIC C, AND PH.

      SB=SB-DSB

      IF(SB<.02)SB=.02

      BSA=C1*SB

      IF(PH>5.6)THEN

          ALS=0.

      ELSE

          ALS=154.2-1.017*BSA-3.173*OC-14.23*PH

          IF(ALS<0.)THEN

              ALS=0.

          ELSE

              IF(ALS>95.)ALS=95.

          END IF

      END IF    

      RETURN

      END






src/NLIME.f90

      SUBROUTINE NLIME

!     APEX1501

!     THIS SUBPROGRAM APPLIES LIME WHEN THE SUM OF THE SOIL LIME REQUIRE

!     MENT AND ACCUMULATED LIME REQUIREMENT CAUSED BY N FERTILIZER EX-

!     CEED 4 t/ha.

      USE PARM

      OC=0.

      TOT=0.

      XZ=0.

      ZZ=0.

      XX=0.

      DO J=1,NBSL(ISA)

          L=LID(J,ISA)

          IF(Z(L,ISA)>BIG(ISA))EXIT

          XY=WT(L,ISA)

          OC=OC+WOC(L,ISA)*XY

          XZ=XZ+CEC(L,ISA)*XY

          TOT=TOT+PH(L,ISA)*XY

          ZZ=ZZ+SMB(L,ISA)*XY

          XX=XX+XY

      END DO

      IF(J>NBSL(ISA))THEN

          J=NBSL(ISA)

          L=LID(J,ISA)

      ELSE    

          L1=LID(J-1,ISA)

          W3=Z(L,ISA)-Z(L1,ISA)

          W2=BIG(ISA)-Z(L1,ISA)

          RTO=W2*WT(L,ISA)/W3

          OC=OC+RTO*WOC(L,ISA)

          TOT=TOT+RTO*PH(L,ISA)

          ZZ=ZZ+RTO*SMB(L,ISA)

          XZ=XZ+RTO*CEC(L,ISA)

          XX=XX+RTO

      END IF    

      XZ=XZ/XX

      OC=OC/XX

      TOT=TOT/XX

      ZZ=ZZ/XX

      XY=.001*XX

      X1=SMY(54,ISA)+SMY(55,ISA)

      DSB=.036*(SMY(43,ISA)+X1-SMFN(ISA))/XX

      SMFN(ISA)=X1

      BS=100./XZ

      TOT=TOT-.05*DSB*BS

      CALL NLIMA(ZZ,DSB,BS,TOT,ALSX,OC,BSA)

      IF(TOT>6.5)GO TO 6

      IF(IDS(ISA)/=4)GO TO 5

      EAL=.01*ALSX*XZ

      TLA=EAL*XY

      IF(TLA<1.)GO TO 6

      TOT=5.4

      CALL NLIMA(ZZ,-EAL,BS,TOT,ALSX,OC,BSA)

      GO TO 7

    5 DBS=MIN((6.5-TOT)/.023,90.-BSA)

      ALN=0.

      TLA=DBS*XY/BS

      IF(TLA<2..AND.TOT>5.)GO TO 6

      PHN=6.5

      BSA=(BSA+DBS)/BS

      GO TO 8

    6 TLA=0.

    7 ALN=ALSX

      PHN=TOT

      BSA=ZZ

    8 DO K=1,J

          L=LID(K,ISA)

          TOT=SMB(L,ISA)

          XZ=PH(L,ISA)

          ALSX=ALS(L,ISA)

          SMB(L,ISA)=BSA

          PH(L,ISA)=PHN

          ALS(L,ISA)=ALN

      END DO          

      IF(J==NBSL(ISA))RETURN

      L=LID(J,ISA)

      W1=Z(L,ISA)-BIG(ISA)

      SMB(L,ISA)=(W1*TOT+W2*SMB(L,ISA))/W3

      PH(L,ISA)=(W1*XZ+W2*PH(L,ISA))/W3

      ALS(L,ISA)=(W1*ALSX+W2*ALS(L,ISA))/W3

      RETURN

      END






src/NMULCH.f90

      SUBROUTINE NMULCH(KTX)

!     APEX1501

!     THIS SUBPROGRAM APPLIES MULCH TO THE SOIL SURFACE AT SPECIFIED DATES AND

!     RATES.

      USE PARM

      I=LID(1,ISA)

      WSAX=WSA(ISA)

      X1=WMUCH(IRO(ISA),KTX,ISA)

      X8=.42*X1

      X3=X8*WSAX

      SMM(73,MO,ISA)=SMM(73,MO,ISA)+X3

      VAR(73,ISA)=VAR(73,ISA)+X3

      X2=X8/50.

      ZZ=.5*X2

      WLMN(I,ISA)=WLMN(I,ISA)+ZZ

      WLSN(I,ISA)=WLSN(I,ISA)+ZZ

      X2=X2*WSAX

      SMM(53,MO,ISA)=SMM(53,MO,ISA)+X2

      VAR(53,ISA)=VAR(53,ISA)+X2

      XX=.5*X8

	  WLMC(I,ISA)=WLMC(I,ISA)+XX

	  YY=.5*X1

	  WLM(I,ISA)=WLM(I,ISA)+YY

	  WLSC(I,ISA)=WLSC(I,ISA)+XX

	  WLSLC(I,ISA)=WLSLC(I,ISA)+XX*.175

	  WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

	  WLS(I,ISA)=WLS(I,ISA)+YY

	  WLSL(I,ISA)=WLSL(I,ISA)+YY*.175

      WRITE(KW(1),11)ISA,NBSA(ISA),IYR,MO,KDA,X1,XHSM(ISA)

      RETURN

   11 FORMAT(1X,2I8,1X,I4,2I2,2X,'MULCH ADDED RATE=',F8.0,'kg/ha',&

      1X,'HUSC=',F5.2)

      END






src/NPCY.f90

      SUBROUTINE NPCY

!     APEX1501

!     THIS SUBPROGRAM IS THE MASTER NUTRIENT CYCLING SUBROUTINE.

!     CALLS NPMIN, NYNIT, NLCH, NCNMI, AND NDNIT FOR EACH SOIL

!     LAYER.

      USE PARM 

      WSAX=WSA(ISA) 

      STDX=0.

      DO K=1,LC

          STDX=STDX+STD(K,ISA)

      END DO          

      SGMN=0.

      SN2=0.

      SMP=0.

      SNIT=0.

      TRSP=0.

      TSFS=0.

      WBMX=0.

      IRTO=0

      QDRN=0.

      LD1=LID(1,ISA)

      XX=0.

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          RSPC(ISL,ISA)=0.

          RNMN(ISL,ISA)=0.

          WDN=0.

          X1=SWST(ISL,ISA)-S15(ISL,ISA)

          IF(X1<0.)THEN

              SUT(ISL,ISA)=.1*(SWST(ISL,ISA)/S15(ISL,ISA))**2

          ELSE

              SUT(ISL,ISA)=.1+.9*SQRT(X1/(FC(ISL,ISA)-S15(ISL,ISA)))

          END IF    

          CALL NPMIN

          CALL NKMIN

          IF(ISL/=LID(1,ISA))THEN

              L1=LID(J-1,ISA) 

              CALL NLCH(L1)

          ELSE

              ZZ=MIN(.5,PRMT(76)*(1.+.1*RFV(IRF(ISA))))

              IF(STDX+STDO(ISA)>.001)CALL NSTDFAL(ZZ)

              CALL NYNIT

          END IF    

          IF(ISL/=IDR(ISA))THEN

              QRFN(IDO)=QRFN(IDO)+QSFN

              SMM(84,MO,ISA)=SMM(84,MO,ISA)+QSFN

              QRFP(IDO)=QRFP(IDO)+QSFP

              SMM(142,MO,ISA)=SMM(142,MO,ISA)+QSFP

          ELSE

              SMM(47,MO,ISA)=SMM(47,MO,ISA)+QSFN

              QDRN(IDO)=QSFN

              VAR(47,ISA)=QSFN

              SMM(143,MO,ISA)=SMM(143,MO,ISA)+QSFP

              QDRP(IDO)=QSFP

              VAR(143,ISA)=QSFP

          END IF

          TSFN(IDO)=TSFN(IDO)+SSFN

          TSFK(IDO)=TSFK(IDO)+SSFK

          TSFS=TSFS+SSST

          Z5=500.*(Z(ISL,ISA)+XX)

          IF(WNH3(ISL,ISA)>.01)CALL NITVOL(Z5)

          IF(STMP(ISL,ISA)>0..AND.LUNS(ISA)/=35)THEN

              X1=STMP(ISL,ISA)

              IF(SCLM(14)>0.)X1=MIN(X1,SCLM(14))

              CDG(ISL,ISA)=X1/(X1+EXP(SCRP(14,1)-SCRP(14,2)*X1))

              X1=MIN(20.,EXP(PRMT(52)*(BD(ISL,ISA)-BDP(ISL,ISA))))

              X2=Z5

              IF(SCLM(20)>0.)X2=MIN(X2,SCLM(20))

              OX=1.-PRMT(53)*X2/(X2+EXP(SCRP(20,1)-SCRP(20,2)*X2))

              IF(IDNT>2.AND.CGO2(LID(1,ISA),ISA)>0..AND.IOX==2)OX=CGO2(ISL,ISA)&

              /CGO2(LID(1,ISA),ISA)

              X2=SQRT(CDG(ISL,ISA)*SUT(ISL,ISA))*OX

              CS=MIN(10.,X2*PRMT(70)*X1)

	          CALL NRSPC(CS)

              CALL NPMN(CS)

              X3=1.

              !IF(SWST(ISL,ISA)>1.1*FC(ISL,ISA))X3=0.

              IF(ISL==LD1)THEN

                  X4=RSD(LD1,ISA)

                  IF(SCLM(27)>0.)X4=MIN(X4,SCLM(27))

                  F=1.+10.*X4/(X4+EXP(SCRP(27,1)-SCRP(27,2)*X4))

              ELSE

                  F=1.

              END IF

              IF(Z(ISL,ISA)<ZMIX)THEN

                  X1=Z(ISL,ISA)-XX

                  WBMX=WBMX+X1*X2*X3*F

              ELSE

                  IF(IRTO==0)THEN

                      RTO=(ZMIX-XX)/(Z(ISL,ISA)-XX)

                      X1=ZMIX-XX

                      WBMX=WBMX+X1*X2*RTO*X3

                      IRTO=1

                  END IF    

              END IF    

              SMP=SMP+WMP

              IF(IDNT<3)THEN

	              DZA=1000.*(Z(ISL,ISA)-XX)

	              IF(IDNT==2)THEN

	                  CALL NDNITAK(DZA)

	              ELSE

	                  WDN=0.

	                  DN2=0.

	                  DN2O=0.

	                  CALL NDNIT

	                  SN2=SN2+DN2

	              END IF  

	              SDN=SDN+WDN

	              SN2O=SN2O+DN2O

	          END IF

          END IF

          XX=Z(ISL,ISA)

      END DO

      WBMX=WBMX*PRMT(29)/ZMIX

      GWSN(ISA)=GWSN(ISA)+VNO3(LNS,ISA)*WSAX

      TSFN(IDO)=TSFN(IDO)*WSAX

      QRFN(IDO)=QRFN(IDO)*WSAX

      QDRN(IDO)=QDRN(IDO)*WSAX

      VAR(80,ISA)=RSFN(IDO)

      SMM(80,MO,ISA)=SMM(80,MO,ISA)+RSFN(IDO)

      X51=WSAX*(VAP(ISA)+VPU(ISA))

      SMM(51,MO,ISA)=SMM(51,MO,ISA)+X51

      VAR(51,ISA)=X51

      SMM(133,MO,ISA)=SMM(133,MO,ISA)+VSLT(ISA)

      SMM(152,MO,ISA)=SMM(152,MO,ISA)+VSK(ISA) 

      RETURN

      END






src/NPMIN.f90

      SUBROUTINE NPMIN

!     APEX1501

!     THIS SUBPROGRAM COMPUTES P FLUX BETWEEN THE SOL, ACTIVE MINERAL

!     AND STABLE MINERAL P POOLS.

      USE PARM

      RTO=MIN(.8,PSP(ISL,ISA)/(1.-PSP(ISL,ISA)))

      RMN=PRMT(84)*(WPML(ISL,ISA)-WPMA(ISL,ISA)*RTO)

      X1=4.*WPMA(ISL,ISA)-WPMS(ISL,ISA)

      IF(X1>500.)THEN

          ROC=10.**(LOG10(BPT(ISL,ISA))+LOG10(X1))

      ELSE

          ROC=BPT(ISL,ISA)*X1

      END IF

      ROC=PRMT(85)*ROC

      WPMS(ISL,ISA)=WPMS(ISL,ISA)+ROC

      WPMA(ISL,ISA)=WPMA(ISL,ISA)-ROC+RMN

      WPML(ISL,ISA)=WPML(ISL,ISA)-RMN

      RETURN

      END






src/NPMN.f90

      SUBROUTINE NPMN(CS)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MINERALIZATION P USING PAPRAN EQS

      USE PARM

      TKG=RSD(ISL,ISA)*1000.

      !AD1=WPML(ISL,ISA)+WPO(ISL,ISA)+FOP(ISL,ISA)+WPOU(ISL,ISA)

      HMP=DHN(ISL,ISA)*WPO(ISL,ISA)/(WHSN(ISL,ISA)+WHPN(ISL,ISA))

      !HMP=.125*DHN(ISL,ISA)

      R4=.58*TKG

      X1=MAX(1.,FOP(ISL,ISA)+WPML(ISL,ISA))

      CPR=MIN(2000.,R4/X1)

      CPRF=EXP(-.693*(CPR-200.)/200.)

      DECR=MAX(.01,.05*CPRF*CS)

      RMP=DECR*FOP(ISL,ISA)

      RMPU=DECR*WPOU(ISL,ISA)

	  IF(WPOU(ISL,ISA)>1.E-5)THEN

		  WPOU(ISL,ISA)=WPOU(ISL,ISA)-RMPU

	  ELSE

		  RMPU=WPOU(ISL,ISA)

		  WPOU(ISL,ISA)=0.

	  END IF

	  IF(FOP(ISL,ISA)>1.E-5)THEN

		  FOP(ISL,ISA)=FOP(ISL,ISA)-RMP

	  ELSE

		  RMP=FOP(ISL,ISA)

		  FOP(ISL,ISA)=0.

	  END IF

	  X2=.8*(RMP+RMPU)

      WMP=X2+HMP

      X1=WPML(ISL,ISA)+WMP

	  IF(X1<0.)THEN

		  WMP=-WPML(ISL,ISA)

		  HMP=WMP-X2

		  WPML(ISL,ISA)=0.

      ELSE

		  WPML(ISL,ISA)=WPML(ISL,ISA)+WMP

	  END IF

      WPO(ISL,ISA)=WPO(ISL,ISA)-HMP+.2*(RMP+RMPU)

      !AD2=WPML(ISL,ISA)+WPO(ISL,ISA)+FOP(ISL,ISA)+WPOU(ISL,ISA)	

      !DF=AD1-AD2

      !IF(ABS(DF)>.0001)WRITE(KW(1),1)IY,MO,KDA,ISA,ISL,AD1,AD2,WPML(ISL,ISA),&

      !WPO(ISL,ISA),FOP(ISL,ISA),WPOU(ISL,ISA),HMP,RMP,RMPU,WMP,DF

    !1 FORMAT('!!!!!',5I4,20E13.5)  

      RETURN

      END






src/NPUP.f90

      SUBROUTINE NPUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY P DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(34)>0.)X1=MIN(HUI(JJK,ISA),SCLM(34))

          CPT=(BP(4,JJK)-BP(3,JJK))*(1.-X1/(X1+EXP(BP(1,JJK)-BP(2,JJK)*X1)))+BP(3,JJK)

      ELSE

          CPT=BP(2,JJK)+BP(1,JJK)*EXP(-BP(4,JJK)*HUI(JJK,ISA))

      END IF

      UP2=CPT*DM(JJK,ISA)*1000.

      IF(UP2<UP1(JJK,ISA))UP2=UP1(JJK,ISA)

      UPM=MIN(4000.*BP(3,JJK)*DDM(JJK),UP2-UP1(JJK,ISA))

      UPM=MAX(0.,UPM)

      RETURN

      END






src/NRSPC.f90

      SUBROUTINE NRSPC(CS)

      ! APEX1501

      ! THIS SUBPROGRAM SIMULATES C RESPIRATION USING EQUATIONS TAKEN 

      ! FROM CENTURY.

      USE PARM

      LD1=LID(1,ISA)

      XZ=WNO3(ISL,ISA)+WNO2(ISL,ISA)+WNH3(ISL,ISA)

!     AD1=WLSN(ISL,ISA)+WLMN(ISL,ISA)+WBMN(ISL,ISA)+WHSN(ISL,ISA)+WHPN(ISL,ISA)+XZ

      RLR=WLSL(ISL,ISA)/(WLS(ISL,ISA)+1.E-5)

      IF(RLR>.8)THEN

          RLR=.8

      ELSE

          IF(RLR<.1)RLR=.1

      END IF    

	  APCO2=.55

      ASCO2=.60

      IF(ISL==LD1)THEN

          CS=CS*PRMT(69)

          ABCO2=.55

          A1CO2=.55

          RBM=.0164

          RLM=.0405

          RLS=.0107

          HPNC=.1

          XBM=1.

      ELSE

          ABCO2=.17+.0068*SAN(ISL,ISA)

          A1CO2=.55

          RBM=.02

          RLM=.0507

          RLS=.0132

          XBM=.25+.0075*SAN(ISL,ISA)

          HPNC=WHPN(ISL,ISA)/WHPC(ISL,ISA) 

      END IF

      BMNC=WBMN(ISL,ISA)/WBMC(ISL,ISA)

      HSNC=WHSN(ISL,ISA)/WHSC(ISL,ISA)

      WLMC(ISL,ISA)=MAX(.01,WLMC(ISL,ISA))

      XLMNC=WLMN(ISL,ISA)/WLMC(ISL,ISA)

      WLSC(ISL,ISA)=MAX(.01,WLSC(ISL,ISA))

      XLSNC=WLSN(ISL,ISA)/WLSC(ISL,ISA)

      ABP=.003+.00032*CLA(ISL,ISA)

      ASP=MAX(.001,.05-.00009*CLA(ISL,ISA))

      A1=1.-A1CO2

      ASX=1.-ASCO2-ASP

      APX=1.-APCO2

      ! TRANSFORMATION STRUCTURAL LITTER WBM 2012-11-22

      ! CR = scaling factor for decomposition (0 - 1) basewd BMNC and &

      ! ratio of NC-substrate/Yield. 

      CRX=1.-(CRUNC-BMNC)/(CRUNC-CRLNC)

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(WLSN(ISL,ISA)/(WLSC(ISL,ISA)*(1-RLR))/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      X1=RLS*CS*CR*EXP(-3.*RLR)

      X2=1.-RLR

      TLSLNCA=X1*WLSC(ISL,ISA)*X2

      TLSLCA=TLSLNCA*RLR/X2

      TLSCA=TLSLNCA/X2

      TLSNA=TLSCA*XLSNC

      ! TRANSFORMATIONS METABOLIC LITTER; SIX LINES BELOW ADDED WBM 2012-11-14

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(XLMNC/A1>BMNC.OR.BMNC>CRUNC)CR=1.

      X1=RLM*CS*CR

      TLMCA=WLMC(ISL,ISA)*X1

      TLMNA=TLMCA*XLMNC

      ! TRANSFORMATIONS MICROBIAL BIOMASS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(BMNC/(1.-ABCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      TBMCA=WBMC(ISL,ISA)*RBM*CS*CR*XBM

      TBMNA=TBMCA*BMNC

      ! TRANSFORMATION OF SLOW HUMUS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HSNC/(1.-ASCO2)>BMNC.OR.BMNC>CRUNC)CR=1.

      THSCA=WHSC(ISL,ISA)*RHS*CS*CR

      THSNA=THSCA*HSNC

      ! TRANSFORMATIONS OF PASSIVE HUMUS; NEXT SIX LINES ADDED WBM 2012-11-22

      CR=0.

      IF(BMNC>CRLNC.AND.BMNC<CRUNC)CR=CRX

      IF(HPNC/APX>BMNC.OR.BMNC>CRUNC)CR=1.

      THPCA=WHPC(ISL,ISA)*CS*CR*RHP

      THPNA=THPCA*HPNC

      IF(ISL==LD1) THEN

          RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA)

      ELSE

          RSPC(ISL,ISA)=MAX(0.,.3*TLSLCA+A1CO2*(TLSLNCA+TLMCA)+ABCO2*TBMCA+ASCO2*THSCA+&

          APCO2*THPCA)

      END IF    

      RETURN

      END






src/NSTDFAL.f90

      SUBROUTINE NSTDFAL(ZZ)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE CONVERSION OF STANDING DEAD CROP

!     RESIDUE TO FLAT RESIDUE.

      USE PARM

      LD1=LID(1,ISA)

      SUM=0.

      TOT=0.

      DO K=1,LC

          IF(STD(K,ISA)<.001)CYCLE

          Z1=ZZ*STD(K,ISA)

          STD(K,ISA)=STD(K,ISA)-Z1

          SUM=SUM+Z1

          Z2=ZZ*STDN(K,ISA)

          STDN(K,ISA)=MAX(1.E-5,STDN(K,ISA)-Z2)

          TOT=TOT+Z2

          Z3=ZZ*STDP(K,ISA)

          STDP(K,ISA)=STDP(K,ISA)-Z3

          FOP(LD1,ISA)=FOP(LD1,ISA)+Z3

          ZS=ZZ*STDK(K,ISA)

          SOLK(LD1,ISA)=SOLK(LD1,ISA)+ZS

          STDK(K,ISA)=MAX(1.E-5,STDK(K,ISA)-ZS)

          Z4=ZZ*STDL(K,ISA)

          STDL(K,ISA)=MAX(1.E-5,STDL(K,ISA)-Z4)

      END DO

      ZZ=MIN(1.,ZZ*10.)

      ZS=ZZ*STDO(ISA)

      STDO(ISA)=MAX(1.E-5,STDO(ISA)-ZS)

      SUM=SUM+ZS

      ZS=ZZ*STDON(ISA)

      TOT=TOT+ZS

      CALL NCNSTD(SUM,TOT,LD1)

      STDON(ISA)=MAX(1.E-5,STDON(ISA)-ZS)

      ZS=ZZ*STDOP(ISA)

      FOP(LD1,ISA)=FOP(LD1,ISA)+ZS

      STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-ZS)

      ZS=ZZ*STDOK(ISA)

      SOLK(LD1,ISA)=SOLK(LD1,ISA)+ZS

      STDOK(ISA)=MAX(1.E-5,STDOK(ISA)-ZS)

      RETURN

      END






src/NUP.f90

      SUBROUTINE NUP

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY N DEMAND FOR OPTIMAL PLANT

!     GROWTH.

      USE PARM

      IF(NUPC/=0)THEN

          X1=HUI(JJK,ISA)

          IF(SCLM(33)>0.)X1=MIN(HUI(JJK,ISA),SCLM(33))

          CNT(JJK,ISA)=(BN(4,JJK)-BN(3,JJK))*(1.-X1/(X1+EXP(BN(1,JJK)-BN(2,JJK)*X1)))+BN(3,JJK)

      ELSE

          CNT(JJK,ISA)=BN(2,JJK)+BN(1,JJK)*EXP(-BN(4,JJK)*HUI(JJK,ISA))

      END IF

      UN2=CNT(JJK,ISA)*DM(JJK,ISA)*1000.

      IF(UN2<UN1(JJK,ISA))UN2=UN1(JJK,ISA)

      UNM=MIN(4000.*BN(3,JJK)*DDM(JJK),UN2-UN1(JJK,ISA))

      UNM=MAX(0.,UNM)

      RETURN

      END






src/NUSE.f90

      SUBROUTINE NUSE

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE DAILY POTENTIAL SOIL SUPPLY OF P

!     FOR EACH LAYER.

      USE PARM

      XX=1.5*UPM/RW(JJK,ISA)

      DO J=1,LRD(ISA)

          ISL=LID(J,ISA)

          UN(ISL)=WNO3(ISL,ISA)*UW(ISL)/(SWST(ISL,ISA)+.001)

          SUN=SUN+UN(ISL)

          F=1000.*WPML(ISL,ISA)/WT(ISL,ISA)

          IF(F>30.)THEN

              F=1.

          ELSE

              IF(SCLM(11)>0.)F=MIN(F,SCLM(11))

              F=F/(F+EXP(SCRP(11,1)-SCRP(11,2)*F))

          END IF

          UP(ISL)=XX*F*RWT(ISL,JJK,ISA)

          X1=WPML(ISL,ISA)+WPMU(ISL,ISA)

          IF(UP(ISL)>=X1)UP(ISL)=.9*X1

          SUP=SUP+UP(ISL)

      END DO

      RETURN

      END






src/NUTS.f90

      SUBROUTINE NUTS(U1,U2,UU)

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE PLANT STRESS FACTOR CAUSED BY LIMIT

!     SUPPLY OF N OR P.

      USE PARM

      UU=200.*(U1/(U2+1.E-10)-.5)

      IF(UU>0.)THEN

	      IF(UU>99.)THEN

	          UU=1.

          ELSE

              IF(SCLM(8)>0.)UU=MIN(UU,SCLM(8))

              UU=UU/(UU+EXP(SCRP(8,1)-SCRP(8,2)*UU))

	      END IF

      ELSE

          UU=0.

      END IF    

      RETURN

      END






src/NYNIT.f90

      SUBROUTINE NYNIT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY SOL N LEACHING BY PERCOLATION AND

!     LATERAL SUBSURFACE FLOW AND SOL N LOSS IN RUNOFF FOR THE SURFACE

!     LAYER

      USE PARM

      LD1=LID(1,ISA)

      WSAX=SALA(ISA) !effective draiange area, Jaehak 2023

      IF(WSAX>0.01)THEN

        QMM=.1*QVOL(IDO)/WSAX

      ELSE

        QMM=0

      ENDIF

      

      WNO3(LD1,ISA)=WNO3(LD1,ISA)+VNO3(LD1,ISA)

      WSLT(LD1,ISA)=WSLT(LD1,ISA)+VSLT(ISA)

      VH=QSF(LD1,ISA)+CPFH(LD1,ISA)

      V=PKRZ(LD1)+QMM+SSF(LD1,ISA)+VH

      VNO3(LD1,ISA)=0.

      SSFN=0.

      SSFK=0.

      QSFN=0.

      VSLT(ISA)=0.

      SSST=0.

      VSK(ISA)=0.

      IF(V>0.)THEN

          X2=V/(PRMT(4)*PO(LD1,ISA))

          IF(X2>10.)THEN

		      X3=.99

	      ELSE

		      X3=1.-EXP(-X2)

	      END IF

	      X4=PKRZ(LD1)+PRMT(14)*(QMM+SSF(LD1,ISA)+VH)

          IF(WNO3(LD1,ISA)>0.)THEN

              VQN=WNO3(LD1,ISA)*X3

              VQNU=WNMU(LD1,ISA)*X3

              CO=(VQN+VQNU)/X4

			  CS=PRMT(14)*CO

			  QN(IDO)=QN(IDO)+WSAX*(QMM*CS*(1.-URBF(ISA)))+URBF(ISA)*QURB&

			  (IDO)*.0005

			  VNO3(LD1,ISA)=PKRZ(LD1)*CO

			  SSFN=CS*SSF(LD1,ISA)

			  QSFN=CS*VH

			  WNO3(LD1,ISA)=WNO3(LD1,ISA)-VQN

			  WNMU(LD1,ISA)=MAX(0.,WNMU(LD1,ISA)-VQNU)

          END IF

		  IF(SOLK(LD1,ISA)>0.)THEN

              X1=SOLK(LD1,ISA)*X3

              SOLK(LD1,ISA)=SOLK(LD1,ISA)-X1

              COK=X1/X4

              CSK=PRMT(14)*COK

              VSK(ISA)=COK*PKRZ(LD1)

              SSFK=CSK*SSF(LD1,ISA)

              QSK=CSK*QMM

              SMM(150,MO,ISA)=SMM(150,MO,ISA)+QSK

              VAR(150,ISA)=QSK

          END IF

          IF(WSLT(LD1,ISA)>0.)THEN

			  X5=(WSLT(LD1,ISA)+1.E-5)*X3

			  COSL=X5/X4

			  CSSL=PRMT(14)*COSL

			  SSST=CSSL*SSF(LD1,ISA)

			  VSLT(ISA)=COSL*PKRZ(LD1)

			  QSLT=CSSL*QMM

			  SMM(130,MO,ISA)=SMM(130,MO,ISA)+QSLT

			  VAR(130,ISA)=QSLT

			  WSLT(LD1,ISA)=WSLT(LD1,ISA)-X5

		  END IF

      END IF		  

      RETURN

      END






src/NYON.f90

      SUBROUTINE NYON

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY ORGANIC N AND HUMUS LOSS, GIVEN

!     SOIL LOSS AND ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      TOT=WHPN(LD1,ISA)+WHSN(LD1,ISA)+WBMN(LD1,ISA)+WLMN(LD1,ISA)+WLSN&

      (LD1,ISA)

      YN(IDO)=YEW*TOT

      YNWN(IDO)=YEWN*TOT

      X1=MAX(1.E-5,1.-YEW-YEWN)

      WBMN(LD1,ISA)=WBMN(LD1,ISA)*X1

      WHSN(LD1,ISA)=WHSN(LD1,ISA)*X1

      WHPN(LD1,ISA)=WHPN(LD1,ISA)*X1

      WLSN(LD1,ISA)=WLSN(LD1,ISA)*X1

      WLMN(LD1,ISA)=MAX(.001,WLMN(LD1,ISA)*X1)

      X4=YMNU(IDO)*WNOU(LD1,ISA)/(RSDM(LD1,ISA)+1.E-10)

      YNOU(IDO)=MIN(X4,.5*WNOU(LD1,ISA))

      WNOU(LD1,ISA)=WNOU(LD1,ISA)-YNOU(IDO)

      YN(IDO)=WSA(ISA)*(YN(IDO)+YNOU(IDO))

      YNWN(IDO)=WSA(ISA)*YNWN(IDO)

      RETURN

      END






src/NYPA.f90

      SUBROUTINE NYPA

!     APEX1501

!     THIS SUBPROGRAM PREDICTS DAILY P & K LOSS, GIVEN SOIL LOSS AND

!     ENRICHMENT RATIO.

      USE PARM

      LD1=LID(1,ISA)

      QPU(IDO)=0.

      WSAX=WSA(ISA) 

      IF(SALA(ISA)<0.001)THEN !Subarea is flooded by the reservoir

        VAR(149,ISA)=0

        QMM=0

      ELSE

        QMM=.1*QVOL(IDO)/SALA(ISA)

      ENDIF

      X2=WPML(LD1,ISA)

      !AD1=X2+WPMA(LD1,ISA)+WPO(LD1,ISA)

      YP(IDO)=YEW*WPO(LD1,ISA)**PRMT(32)

      YPWN(IDO)=YEWN*WPO(LD1,ISA)

      X4=MIN(WPOU(LD1,ISA),YMNU(IDO)*WPOU(LD1,ISA)/(RSDM(LD1,ISA)+1.E-10))

      YPOU(IDO)=X4

      WPOU(LD1,ISA)=WPOU(LD1,ISA)-X4

      WPO(LD1,ISA)=WPO(LD1,ISA)-YP(IDO)-YPWN(IDO)

      YP(IDO)=YP(IDO)+X4

      QAPY=YEW*X2

      APWN=YEWN*X2

      X2=X2-QAPY-APWN

      X1=EXCK(LD1,ISA)*YEW

      EXCK(LD1,ISA)=EXCK(LD1,ISA)-X1

      X3=FIXK(LD1,ISA)*YEW

      FIXK(LD1,ISA)=FIXK(LD1,ISA)-X3

      VAR(149,ISA)=X1+X3

      SMM(149,MO,ISA)=SMM(149,MO,ISA)+X1+X3

      VH=QSF(LD1,ISA)+CPFH(LD1,ISA)

      V=QMM+PKRZ(LD1)+SSF(LD1,ISA)+VH

      IF(V>0.)THEN

          V5=5.*V

          X1=MAX(V5,WT(LD1,ISA)*PRMT(8))

          XZ=MAX(V5,WT(LD1,ISA))

          VPU(ISA)=MIN(.5*WPMU(LD1,ISA),WPMU(LD1,ISA)*PKRZ(LD1)/XZ)

	      WPMU(LD1,ISA)=MAX(0.,WPMU(LD1,ISA)-VPU(ISA))

	      IF(QMM>0.)THEN

	          ! SOLUBLE P RUNOFF

	          XX=QMM/X1

	          IF(LBP==0)THEN

	              ! GLEAMS LINEAR EQ

                  QP(IDO)=X2*XX

              ELSE

                  ! LANGMUIR EQ SOLUTION

                  QQ=MIN(.1*QMM,5.)

                  AD1=0.

                  AD2=0.

                  QT=0.

                  IND=0

                  X5=X2

                  !WRITE(KW(1),'(T10,A,3I4,A,F8.3)')'Y-M-D',IY,MO,KDA,' QVOL=',QVOL(IDO)

                  DO 

                      AD1=AD1+QQ

                      IF(AD1>QMM)THEN

                          AD1=AD1-QQ

                          QQ=QMM-AD1

                          AD1=QMM

                          IND=1

                      END IF    

                      CS=1000.*X5/WT(LD1,ISA)

                      X1=MAX(1.,CPMX(ISA)-CS)

	                  CL=10.*CS/(PRMT(8)*X1)    

	                  QT=.01*CL*QQ

	                  AD2=AD2+QT

	                  !WRITE(KW(1),2)X5,CS,CL,QT,AD1,AD2

	                  IF(IND>0)EXIT

                      X5=X5-QT

	              END DO    

                  QP(IDO)=AD2

	          END IF

	          ! SOLUBLE P RUNOFF FROM MANURE

              QPU(IDO)=WPMU(LD1,ISA)*XX*(1.-URBF(ISA))

              QP(IDO)=QP(IDO)*(1.-URBF(ISA))+URBF(ISA)*QURB(IDO)*.00015

              X2=X2-QP(IDO)

          END IF

          VSS=PKRZ(LD1)+SSF(LD1,ISA)+VH

          IF(VSS>0.)THEN

              X3=MIN(.5*X2,X2*VSS/WT(LD1,ISA))

              WPML(LD1,ISA)=X2-X3

              VAP(ISA)=X3*PKRZ(LD1)/VSS

              QSFP=X3*QSF(LD1,ISA)/VSS

          END IF

          WPMU(LD1,ISA)=MAX(0.,WPMU(LD1,ISA)-QPU(IDO))

          QP(IDO)=QP(IDO)+QPU(IDO)

      END IF 

      QP(IDO)=WSAX*QP(IDO)

      YMP=WPMA(LD1,ISA)*YEW

	  PMWN=YEWN*WPMA(LD1,ISA)

      WPMA(LD1,ISA)=WPMA(LD1,ISA)-YMP-PMWN

      YP(IDO)=WSAX*(YP(IDO)+YMP+QAPY)

      YPWN(IDO)=WSAX*(YPWN(IDO)+PMWN+APWN)

	  TPRK=TPRK+PKRZ(LD1)

      TPSP=TPSP+VAP(ISA)

    !2 FORMAT(T10,' AP=',F8.2,' CS=',F8.3,' CL=',F8.3,' QT=',&

      !F8.3,' ADQ=',F8.3,' ADP=',F8.4)

      !AD2=WPML(LD1,ISA)+WPMA(LD1,ISA)+WPO(LD1,ISA)

      !DF=AD1-QP(IDO)-VAP(ISA)-YP(IDO)-YPWN(IDO)-AD2

      !IF(ABS(DF)>1.E-5)WRITE(KW(1),1)IY,MO,KDA,AD1,QP(IDO),VAP(ISA),YP&

      !(IDO),YPWN(IDO),AD2,DF

    !1 FORMAT(1X,'!!!!!',3I4,10E13.5)  

      RETURN

      END






src/OPENF.f90

      SUBROUTINE OPENF(ASTN)

!     APEX1501

!     THIS SUBPROGRAM OPENS FILES.

      USE PARM

      CHARACTER(4)::AXT

      CHARACTER(80)::ASTN

      DIMENSION AXT(48)

	  DATA AXT/".OUT",".MAN",".SUS",".ASA",".SWT",".DPS",".MSA",".AWP",&

      ".DHY",".WSS",".SAD",".HYC",".DRS","    ",".MWS",".DWS",".AWS",&

      ".DGZ",".DUX",".DDD",".ACN",".DCN",".SCX",".ACY",".EFR",".EHY",&

      ".APS",".MSW",".DPW",".SPS",".ACO",".SWN",".FSA",".SAO",".RCH",&

      ".ERX",".DMR",".STR",".MRH",".MGZ",".DNC",".DHS",".MSX",".DGN",&

      ".DPD",".ASL",".MS5",".AS5"/

      OPEN(KW(1),FILE=ASTN//AXT(1))

	  DO I=2,48

	      IF(AXT(I)/="    ".AND.KFL(I)>0)OPEN(KW(I),FILE=ASTN//AXT(I))

	  END DO

      RETURN

      END

      






src/OPENV.f90

      SUBROUTINE OPENV(NUM,FNAM,IDIR)

!     VERIFIES THE EXISTENCE OF A FILE BEFORE OPENING IT

      CHARACTER(80)::FNAM,DIR

	  CHARACTER(120)::FNM

	  LOGICAL::XMIS	

	  DIR='C:\WEATDATA\'

	  IF(IDIR/=0)THEN

	      FNM=ADJUSTR(DIR)//ADJUSTL(FNAM)

	  ELSE

	      FNM=FNAM

	  END IF

	  FNM=ADJUSTL(FNM)	

	  INQUIRE(FILE=FNM,EXIST=XMIS)

	  IF(XMIS.eqv..TRUE.)THEN

	      OPEN(NUM,FILE=FNM)

	  ELSE

          WRITE(*,'(/A/)')'File '//TRIM(FNM)//' IS MISSING.'

          STOP

	  END IF	

	  RETURN

      END








src/PADDY_WQ.f90

      SUBROUTINE PADDY_WQ

!     APEX0806

!     THIS SUBPROGRAM COMPUTES SEDIMENT, AND NUTRIENT FROM A PADDY FIELD .

      USE PARM

      REAL:: QVOL0,SEDCON0,SEDCON1,SEDCON,NMIN0,NMIN1,NMIN,PMIN0,PMIN1,PMIN

      REAL:: NORG0,NORG1,NORG,PORG0,PORG1,PORG,SED0,SED1



      !Tentatively, mineral nutrient concentration is assumed conservative 

      !PADDY_STO(1,ISA) Water storage volume, mm

      !PADDY_STO(2,ISA) Sediment storage, t/ha

      !PADDY_STO(3,ISA) Min N storage, kg/ha

      !PADDY_STO(4,ISA) Min P storage, kg/ha

      !PADDY_STO(5,ISA) Org N storage, kg/ha

      !PADDY_STO(6,ISA) Org P storage, kg/ha



      LD1=LID(1,ISA)

      WSAX=WSA(ISA)

      QVOLX=.1*QVOL(IDO)/WSA(ISA)

      QVOL0 = PADDY_STO(1,ISA) + QVOLX !Water storage at the beginning of the day including daily rainfall and irrigation   

      PADDY_SED_NORM=AUNIF(13)*3.  !Residual sediment concentration

     

      !Initial sed conc (mg/l)

      SEDCON0 = PADDY_STO(2,ISA) / QVOL0 * 10**5 !mg/l

      IF(SEDCON0<PADDY_SED_NORM) SEDCON0 = PADDY_SED_NORM

      IF(SEDCON0<=0.) SEDCON0 = 0.01

      

      !soluble nutrient concentration

      NMIN0 = PADDY_STO(3,ISA) / QVOL0 * 100.   !Mineral N (mg/l)

      PMIN0 = PADDY_STO(5,ISA) / QVOL0 * 100.   !Mineral P (mg/l)

      

      NORG0 = PADDY_STO(4,ISA) / QVOL0 * 100.  !Organic N (mg/l)  

      PORG0 = PADDY_STO(6,ISA) / QVOL0 * 100.  !Organic P (mg/l)

         

      !Mineral N, P loss due to seepage

      DMN = MIN(PADDY_STO(3,ISA),NMIN0 * PKRZ(LD1) / 100.) !kg/ha

      DMP = MIN(PADDY_STO(4,ISA),PMIN0 * PKRZ(LD1) / 100.) !kg/ha

     

      !Sediment settling Neitsch et al. 2011

      SEDCON1 = (SEDCON0 - PADDY_SED_NORM) * EXP(-0.184 * SUB_D50(ISA)) + PADDY_SED_NORM !mg/l

      IF (SEDCON1<PADDY_SED_NORM) SEDCON1 = PADDY_SED_NORM

      SEDCON = (SEDCON0 + SEDCON1) / 2.

      DSED = MIN(PADDY_STO(2,ISA),(SEDCON0-SEDCON )*PKRZ(LD1)/ 10**5.) !sediment precipitated, t/ha 

         

      !Organic N,P average concentration after settling

      NORG = NORG0 * SEDCON / SEDCON0 !mg/l

      PORG = PORG0 * SEDCON / SEDCON0

      DNORG = MIN(PADDY_STO(5,ISA),NORG * PKRZ(LD1)/ 100.) !KG/HA

      DPORG = MIN(PADDY_STO(6,ISA),PORG * PKRZ(LD1)/ 100.) !KG/HA

      

      !add the settled organic nutrient to the top soil layer

      WNO3(LD1,ISA) = WNO3(LD1,ISA) + DMN !Add mineral N to layer 1

      WPMA(LD1,ISA) = WPMA(LD1,ISA) + DMP !Add min P to layer 1

      WON(LD1,ISA) = WON(LD1,ISA) + DNORG !kg/ha, add to layer 1

      WPO(LD1,ISA) = WPO(LD1,ISA) + DPORG !kg/ha, add to layer 1



      PADDY_STO(2,ISA) = PADDY_STO(1,ISA)*SEDCON / 10**5 !t/ha

      PADDY_STO(3,ISA) = PADDY_STO(3,ISA) - DMN  !KG/HA

      PADDY_STO(4,ISA) = PADDY_STO(4,ISA) - DMP

      PADDY_STO(5,ISA) = PADDY_STO(5,ISA) - DNORG

      PADDY_STO(6,ISA) = PADDY_STO(6,ISA) - DPORG



      !Weir discharge if any.

      IF (QVOLX>0) then

         YSD(NDRV,IDO) = MIN(PADDY_STO(2,ISA),SEDCON * QVOLX/ 10**5)*WSAX

         QN(IDO) = MIN(PADDY_STO(3,ISA),NMIN0 * QVOLX / 100.)*0.15*WSAX

         QP(IDO) = MIN(PADDY_STO(4,ISA),PMIN0 * QVOLX / 100.)*0.15*WSAX

         YN(IDO) = MIN(PADDY_STO(5,ISA),NORG * QVOLX / 100.)*WSAX

         YP(IDO) = MIN(PADDY_STO(6,ISA),PORG * QVOLX / 100.)*WSAX

         PADDY_STO(2,ISA) = PADDY_STO(1,ISA)*SEDCON / 10**5  !Update sediment balance

         PADDY_STO(3,ISA) = PADDY_STO(3,ISA) - QN(IDO)/WSAX  !Update min N balance

         PADDY_STO(4,ISA) = PADDY_STO(4,ISA) - QP(IDO)/WSAX  !Update min P balance

         PADDY_STO(5,ISA) = PADDY_STO(5,ISA) - YN(IDO)/WSAX  !Update org N balance

         PADDY_STO(6,ISA) = PADDY_STO(6,ISA) - YP(IDO)/WSAX  !Update org P balance

      else

         YSD(NDRV,IDO) = 0.

         QN(IDO) = 0.

         QP(IDO) = 0.

         YN(IDO) = 0.

         YP(IDO) = 0.

      endif

      

      RETURN

      END






src/parm1501.dat

   90.05   99.95

   10.50  100.95

   50.10   95.95

    0.00    0.00

    1.20    6.95

    5.10  100.95

    5.25   50.95

   20.50   80.99

    1.10   10.99

   10.05   50.90

    5.01   20.90

    5.10  100.99

    1.80    3.99

    5.10   20.95

   10.10  100.95

    3.10   20.99

   20.10   50.95

   5.333   50.99

   10.01   25.95

  400.05  600.90

    1.05  100.90

  100.01 1000.90

    1.50    3.99

    3.25   15.95

   10.10   55.90

   10.10   75.95

    5.01   50.99

    0.00    0.00

    0.00    0.00

     70.     30.

    1.50      2.      .5  0.9000  0.5000      0.   0.990  20.000  20.000  20.000

 -100.00     2.5  2.0000      1.      2.   1.000      .5   1.500   0.003   0.200

   10.00    0.05  0.0032  0.1000  0.0000   0.000   0.300   5.000    .001      5.

    0.30    1.00  2.5000      0.  0.9900      0.   0.200   1.000     .01      .5

    0.50    0.40  0.1500  2.0000  3.0000     1.2     .01      2.   0.000   0.100

    0.00   10.00  0.9000  0.6000  0.2000   0.900   1.000   0.600   0.100   7.000

    0.20    0.25  1.1000  1.0000  0.0010   3.000  10.000   0.500      1.      1.

    1.15      .2      0.  0.2000  0.8000     .05   0.000  10.000   1.000      .5

    0.00      3.  0.5100  0.0001  0.0001   0.010   0.010   0.001   0.100   1.000

      0.      1.      1.      1.      1.      1.      .9 .000001 .000001 .000548

 .000012   .0667      .2      .3   .0667      .2   .0075      2.      1.      1.    

   0.044  31.000   0.510   0.570  10.000

    5.00      .5     .01     .01   

    

    

    

    

    0.01    0.80  1.0000  1.0000  1.0000  10.000   0.000   0.000   0.000   0.000

    0.05   31.00  1.0000 50.0000  0.0000   0.000   0.000   0.000   0.000   0.000








src/PESTF.f90

      SUBROUTINE PESTF

!     APEX1501

!     THIS SUBPROGRAM CALCULATES THE PEST FACTOR BASED ON THE MINIMUM

!     PEST FACTOR (PST(JJK)) FOR CROP JJK AND THE SUM OF DAILY PEST

!     DAMAGE (PSTS)

      USE PARM

      IPF=1 

      IF(PSTS(ISA)<1.E-10)THEN

          PSTF(ISA)=1.

          IPST(ISA)=1

      ELSE

          Z1=PSTX*PSTS(ISA)/IPST(ISA)

          IF(SCLM(9)>0.)Z1=MIN(Z1,SCLM(9))

          PSTF(ISA)=1.-(1.-PST(JJK))*Z1/(Z1+EXP(SCRP(9,1)-SCRP(9,2)*Z1))

      END IF

      RETURN

      END 






src/PSTAPP.f90

      SUBROUTINE PSTAPP

!     APEX1501

!     THIS SUBPROGRAM APPLIES PESTICIDES TO CROP CANOPY & SOIL.

      USE PARM 

      KP=LPC(IRO(ISA),KP1(ISA),ISA)

      X2=PSTR(IRO(ISA),KP1(ISA),ISA)

      XX=X2*HE(JT1)*MASP !g/ha MASP is 1 or 1000 (APEXCONT.DAT) to keep the unit in g/ha

      SMMP(1,KP,MO,IDOA(ISA))=SMMP(1,KP,MO,IDOA(ISA))+XX

      SMMRP(5,KP,MO)=SMMRP(5,KP,MO)+XX*WSA(ISA)

      X3=PSTE(IRO(ISA),KP1(ISA),ISA)

      VARP(1,KP,IDO)=XX

	    X1=PCST(KP)*X2

      COST(ISA)=COST(ISA)+X1

      IF(KFL(31)>0)WRITE(KW(31),1)ISA,NBSA(ISA),IYR,MO,KDA,PSTN(KP),&

      KDC(JJK),KDP(KP),IHC(JT1),NBE(JT1),NBT(JT1),X1,X1,X2,FULU(JT1)

      PSTS(ISA)=PSTS(ISA)-X3*1000.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),6)ISA,&

      NBSA(ISA),IYR,MO,KDA,PSTN(KP),X2,HE(JT1),X3

      IF(TLD(JT1)<1.E-10)THEN

          X1=SLAI(JJK,ISA)

          IF(X1<.06)FGC(ISA)=0.

          X1=XX*FGC(ISA)

          PFOL(KP,ISA)=PFOL(KP,ISA)+X1 !g/ha

          PSTZ(KP,LID(1,ISA),ISA)=PSTZ(KP,LID(1,ISA),ISA)+XX-X1 !g/ha

          GO TO 5

      END IF

      DO K=1,NBSL(ISA)

          ISL=LID(K,ISA)

          IF(TLD(JT1)<=Z(ISL,ISA))EXIT

      END DO

      PSTZ(KP,ISL,ISA)=PSTZ(KP,ISL,ISA)+XX

    5 IF(KP1(ISA)<NPST(IRO(ISA),ISA))KP1(ISA)=KP1(ISA)+1

      RETURN

    1 FORMAT(1X,2I8,1X,I4,2I2,2X,A16,I6,2X,4I4,F10.2,10X,3F10.2)

    6 FORMAT(1X,2I8,1X,I4,2I2,2X,A16,2X,'APPL RATE = ',F7.1,'g/ha',2X,&

      'APPL EFF =',F6.3,2X,'KILL EFF = ',F6.3)

      END






src/PSTCY.f90

      SUBROUTINE PSTCY(PQPX,PYPX,IXP)

      ! APEX1501

      ! THIS SUBPROGRAM SIMULATES PESTICIDE TRANSPORT & DEGRADATION.

      USE PARM 

      LD1=LID(1,ISA)

      Y3=QVOL(IDO)/(10.*WSA(ISA)) !mm

      Y5=SSF(LD1,ISA) !mm

      Y6=QSF(LD1,ISA) !mm

      Y7=CPFH(LD1,ISA)  !mm

      QQ=Y3+Y5+Y6+Y7 !mm

      YY=YSD(NDRV,IDO)

      AD1=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          AD1=AD1+PSTZ(1,ISL,ISA)

      END DO

      SP2=0.

      SP4=0.

      DO K=1,NDP

          ADD=0.

          SUM=0.

          TOT=0.

          X3=0.

          DGF=0.

          WO=0.

          QPST(K,IDO)=0.

          YPST(K,IDO)=0.

          TSPS(K,IDO)=0.

          PSSF(K,LD1,ISA)=0.

	      Y1=PSTZ(K,LD1,ISA)!g/ha

          Y2=PFOL(K,ISA) !g/ha

          Y4=PKRZ(LD1) !mm

          IF(IGO(ISA)>0)THEN

              IF(Y2<1.E-5)THEN

	              PFOL(K,ISA)=0.

              ELSE	          

	              IF(RFV(IRF(ISA))>2.54)THEN

                      ! COMPUTE PESTICIDE WASH OFF FROM FOLIAGE

                      WO=PWOF(K)*Y2 

                      Y2=Y2-WO 

                      Y1=Y1+WO 

                  END IF

                  ! COMPUTE PESTICIDE DEGRADATION FROM FOLIAGE

                  DGF=Y2*PHLF(K)

                  PFOL(K,ISA)=Y2-DGF

                  SMMP(6,K,MO,IDO)=SMMP(6,K,MO,IDO)+DGF !g/ha

                  VARP(6,K,IDO)=DGF 

                  VARH(31,ISA)=DGF  

              END IF

          END IF

    !     COMPUTE PESTICIDE LOSS FROM TOP SOIL LAYER IN RUNOFF,

    !     LATERAL SUBSURFACE FLOW, & PERCOLATION

          X5=.1*WOC(LD1,ISA)/WT(LD1,ISA)  !X5 in % weight   Jaehak 2022            

          IF(Y1>1.E-5)THEN

              DK=.01*PKOC(K)*X5

              X1=(PO(LD1,ISA)-S15(LD1,ISA)) !mm

              DZ=1000.*Z(LD1,ISA)                                                                                  

              !XX=X1+DK

              !XX=0.01*X1+0.1*DK*BD(LD1,ISA)  !Theory Document Eqn 262 Jaehak 2022

              XX=10.*(X1+DK*BD(LD1,ISA)*DZ)  !Jaehak 2022 equation 262 updated

              V=Y3+Y5+Y4+Y6+Y7 !mm Jaehak 2022

              IF(V>0.)THEN

                  VPST=Y1*(1.-EXP(-V/XX)) !g/ha

                  CO=MIN(PSOL(K),VPST/(Y4+PRMT(24)*(Y3+Y5+Y6+Y7))) !g/ha/mm

                  CS=PRMT(24)*CO

                  X3=CO*Y4 

                  QPST(K,IDO)=CS*Y3 !g/ha

                  SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO) !g/ha

                  VARP(2,K,IDO)=QPST(K,IDO) !g/ha

                  SUM=CS*(Y5+Y6+Y7) !g/ha

                  PSSF(K,1,ISA)=SUM !g/ha 

	              Y1=Y1-X3-QPST(K,IDO)-SUM !g/ha

                  ! COMPUTE PESTICIDE LOSS WITH SEDIMENT

                  IF(YEW>0.)THEN

                      CS=DK*Y1/XX

                      YPST(K,IDO)=MIN(ERTO*CS*YSD(NDRV,ISA)/WSA(ISA),Y1) !g/ha Equation 267 updated Jaehak 2022

                      SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

                      VARP(5,K,IDO)=YPST(K,IDO)

                      Y1=Y1-YPST(K,IDO)

                  END IF

              END IF

              ! COMPUTE PESTICIDE DEGRADATION IN TOP SOIL LAYER

              DGS=Y1*PHLS(K)

              Y1=Y1-DGS

              TOT=DGS

              ADD=Y1

          ELSE

              Y1=0.

          END IF

          PSTZ(K,LD1,ISA)=Y1

          IF(IPTS(ISA)>0)THEN

              IF(KDP(K)==KPSN(IPSO(ISA)))THEN

		          QPST(K,IDO)=QPST(K,IDO)+PQPX !g/ha

		          YPST(K,IDO)=YPST(K,IDO)+PYPX

		      END IF

	      END IF

    !     COMPUTE PESTICIDE MOVEMENT THRU SOIL LAYERS BY LATERAL

    !     SUBSURFACE FLOW & PERCOLATION

          X2=0.

		  XX1=Z(LD1,ISA)

          DO L1=2,NBSL(ISA)

              ISL=LID(L1,ISA)

              Y1=PSTZ(K,ISL,ISA) !g/ha

              Y1=Y1+X3

              X3=0.

			  DZ=(Z(ISL,ISA)-XX1)*1000.

			  XX1=Z(ISL,ISA)

              PSSF(K,ISL,ISA)=0.

              IF(Y1>.01)THEN

                  VH=SSF(ISL,ISA)+QSF(ISL,ISA)+CPFH(ISL,ISA)  !mm

                  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

					  V=PKRZ(ISL)/(10.*WSA(ISA))+VH !mm

				  ELSE

					  V=PKRZ(ISL)+VH

				  ENDIF

				  

                  IF(V>0.)THEN

                     X5=.1*WOC(ISL,ISA)/WT(ISL,ISA)  !X5 in % weight   Jaehak 2022                                        

                     DK=.01*PKOC(K)*X5    !Jaehak 2022 

                     X1=(PO(ISL,ISA)-S15(ISL,ISA)) !mm

                     !XX=0.01*X1+0.1*DK*BD(ISL,ISA)  !Theory Document Eqn 262 Jaehak 2022

					 XX=10.*(X1+DK*BD(ISL,ISA)*DZ)  !Jaehak 2022 equation 262 updated                     

					 VPST=Y1*(1.-EXP(-V/XX))

					  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

						  CO=MIN(PSOL(K),VPST/(PKRZ(ISL)/(10.*WSA(ISA))+PRMT(24)*VH))  !g/ha/mm

					  ELSE

						  CO=MIN(PSOL(K),VPST/(PKRZ(ISL)+PRMT(24)*VH))  !g/ha/mm

					  ENDIF

                      

                      CS=PRMT(24)*CO

                      X5=CS*VH

                      PSSF(K,ISL,ISA)=X5 !g/ha

                      IF(ISL==IDR(ISA))THEN

                          SMMP(10,K,MO,IDO)=SMMP(10,K,MO,IDO)+X5

                          VARP(10,K,IDO)=X5

                      END IF

                      SUM=SUM+X5

					  IF(ISL==LID(NBSL(ISA),ISA))THEN !PKRZ is m3 for the last layer, but is mm for all other layers. Jaehak 2022

						  X3=CO*PKRZ(ISL)/(10.*WSA(ISA))

					  ELSE

						  X3=CO*PKRZ(ISL)

					  ENDIF

                      !	WRITE(KW(1),32)CS,CO,V,X5,X3

                      IF(ISL==LID(NBSL(ISA),ISA))X2=X3

                      Y1=Y1-X5-X3

                  END IF

                  ! COMPUTE PESTICIDE DEGRADATION IN SOIL LAYERS

                  DGS=Y1*PHLS(K)

                  Y1=Y1-DGS

                  TOT=TOT+DGS

              END IF

              ADD=ADD+Y1

              PSTZ(K,ISL,ISA)=Y1

          END DO 

          SMMP(3,K,MO,IDO)=SMMP(3,K,MO,IDO)+X2 !g/ha

          VARP(3,K,IDO)=X2

          GWPS(K,ISA)=GWPS(K,ISA)+X2

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+SUM

          VARP(4,K,IDO)=SUM

          SMMP(7,K,MO,IDO)=SMMP(7,K,MO,IDO)+TOT

          VARP(7,K,IDO)=TOT

          SMMP(8,K,MO,IDO)=PFOL(K,ISA)

          VARP(8,K,IDO)=PFOL(K,ISA) 

          SMMP(9,K,MO,IDO)=ADD

          VARP(9,K,IDO)=ADD

          PLCH(K)=X2

          SSPS(K)=SUM

          SP2=SP2+QPST(K,IDO)

	      SP4=SP4+YPST(K,IDO)

	      WSAX=WSA(ISA)

          TSPS(K,IDO)=SUM

          VARH(31,IDO)=WSAX*(TOT+DGF)

          SMMH(31,MO,IDO)=SMMH(31,MO,IDO)+VARH(31,IDO)

          PQST=QPST(K,IDO)+SUM

      END DO

      ! CALL PSTFRQ(QQ,YY,SSPS,ISA,IXP)

      VARH(27,IDO)=WSAX*SP2 !g

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

	  VARH(29,IDO)=WSAX*SP4	 !g

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  AD2=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          AD2=AD2+PSTZ(1,ISL,ISA)

      END DO

      !DF=AD1+WO-TOT-SSPS(1)-QPST(1,IDO)-PLCH(1)-YPST(1,IDO)-AD2

      !IF(ABS(DF/(AD1+1.))>.001)WRITE(KW(1),20)ISA,IY,MO,KDA,AD1,WO,QPST(1,IDO),&

      !SSPS(1),PLCH(1),YPST(1,IDO),AD2,DF

      RETURN

      !20 FORMAT(1X,'#####',4I4,20E13.5)           

      END






src/PSTEV.f90

      SUBROUTINE PSTEV

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES UPWARD PESTICIDE MOVEMENT CAUSED BY SOIL 

!     EVAPORATION.

      USE PARM 

      IF(NEV==1)RETURN

      LD1=LID(1,ISA)

      DO K=1,NDP

          XX=0.

          VPST=0.

          KK=NEV

          DO KK=NEV,2,-1

              ISL=LID(KK,ISA)

              Y1=PSTZ(K,ISL,ISA)

              IF(Y1<.001)CYCLE

              V=SEV(ISL,ISA)

              IF(V<=0.)CYCLE

              VPST=Y1*(1.-EXP(-V/(PO(ISL,ISA)-S15(ISL,ISA)+.001*PKOC(K)*&

              WT(ISL,ISA)*WOC(ISL,ISA))))

              XX=XX+VPST

              PSTZ(K,ISL,ISA)=Y1-VPST

          END DO

          PSTZ(K,LD1,ISA)=PSTZ(K,LD1,ISA)+XX

      END DO

      RETURN

      END






src/PSTSUM.f90

      SUBROUTINE PSTSUM(XWS,XYR,NX,ISX)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE PESTICIDE SUMMARY TABLES TO THE .OUT FILE.

      USE PARM

      DIMENSION NX(MSA),NXX(3,5),NYY(3,5),NY(3)

      DIMENSION XTX(100),XTY(100),AD1(NDP),AD2(NDP)

      DIMENSION PSSM(3,50)

      IF(ISX<0)THEN

          NY(1)=1

          NY(2)=.1*XYR+1.5

          NY(3)=.5*XYR+1.5

          DO K=1,NDP

              WRITE(KW(1),462)PSTN(K)

              DO I=1,5

                  DO J=1,NBYR

                      XTY(J)=APY(I,K,J,ISX)

                      IF(XTY(J)<1.E-4)THEN

                          APY(I,K,J,ISX)=0.

                          AYB(I,K,J,ISX)=0.

                      END IF

                      XTX(J)=APQ(I,K,J,ISX)

                      IF(XTX(J)>1.E-4)CYCLE

                      APQ(I,K,J,ISX)=0.

                      AQB(I,K,J,ISX)=0.

                  END DO

                  CALL ASORT1(XTX,NX,NBYR)

                  NXX(1,I)=NX(NY(1))

                  NXX(2,I)=NX(NY(2))

                  NXX(3,I)=NX(NY(3))

                  CALL ASORT1(XTY,NX,NBYR)

                  NYY(1,I)=NX(NY(1))

                  NYY(2,I)=NX(NY(2))

                  NYY(3,I)=NX(NY(3))

              END DO

              DO N2=1,3

                  !     PRINTOUT PESTICIDE FREQ SUMMARY

                  WRITE(KW(1),463)(APQ(I,K,NXX(N2,I),ISX),I=1,5)

                  WRITE(KW(1),464)(AQB(I,K,NXX(N2,I),ISX),I=1,5)

                  WRITE(KW(1),465)(APY(I,K,NYY(N2,I),ISX),I=1,5)

                  WRITE(KW(1),466)(AYB(I,K,NYY(N2,I),ISX),I=1,5)

                  IF(N2==1)WRITE(KW(1),474)

                  IF(N2==2)WRITE(KW(1),473)

              END DO

          END DO

      END IF

      WRITE(KW(1),3940)

      IF(KFL(30)>0)THEN

          IF(ISX==NCMD)THEN

              WRITE(KW(30),'(//T10,A)')'WATERSHED OUTLET'

          ELSE

              WRITE(KW(30),2232)ISX,NBSA(ISX)

          END IF

      END IF

      IF(ISX==NCMD)THEN 

          PSSM=0.

		  DO I=1,MSA

			  RTO=WSA(I)/RWSA(NCMD)

			  DO K=1,NDP

				  PSSM(1,K)=PSSM(1,K)+PFOL(K,I)*RTO

				  PSSM(2,K)=PSSM(2,K)+GWPS(K,I)*RTO

				  SUM=0.

				  DO J=1,NBSL(I) 

					  SUM=SUM+PSTZ(K,J,I)

				  END DO

				  PSSM(3,K)=PSSM(3,K)+SUM*RTO

			  END DO

		  END DO

		  II=ISX

      ELSE

          II=IDOA(ISX)		  

	  END IF

      DO K=1,NDP

          AD1(K)=0.

          AD2(K)=0.

          DO I=1,12

              AD1(K)=AD1(K)+SMRP(3,K,I)

              AD2(K)=AD2(K)+SMRP(4,K,I)

          END DO

          DO L=1,7

              SMAP(L,K,II)=SMAP(L,K,II)/XWS

          END DO

          DO L=10,13

			  SMAP(L,K,II)=SMAP(L,K,II)/XWS

		  END DO

		  IF(ISX==NCMD)THEN

			  WRITE(KW(1),'(/1X,A,A16)')'-----PESTICIDE BALANCE(g) ',&

              PSTN(K)

              AD1(K)=AD1(K)-SMAP(4,K,ISX)-SMAP(11,K,ISX)

              DF=SMAP(1,K,ISX)-AD1(K)-SMAP(4,K,ISX)-AD2(K)-SMAP(6,K,ISX)&

              -SMAP(7,K,ISX)-SMAP(11,K,ISX)-SMAP(12,K,ISX)-PSSM(1,K)-&

              PSSM(2,K)-PSSM(3,K)

              PER=DF/(SMAP(1,K,ISX)+1.E-10)

              WRITE(KW(1),472)PER,DF,SMAP(1,K,ISX),AD1(K),SMAP(4,K,ISX),&

              AD2(K),SMAP(6,K,ISX),SMAP(7,K,ISX),SMAP(11,K,ISX),SMAP(12,K,&

              ISX),PSSM(1,K),PSSM(2,K),PSSM(3,K)

          END IF 

		  DO L=1,7

			  SMAP(L,K,II)=SMAP(L,K,II)/XYR

		  END DO

		  DO L=10,13

		      SMAP(L,K,II)=SMAP(L,K,II)/XYR

		  END DO

          AD1(K)=AD1(K)/XYR

          AD2(K)=AD2(K)/XYR

      END DO 

      IF(KFL(30)>0)WRITE(KW(30),3910)(PSTN(K),K=1,NDP)

      I1=0

      K1=0

      N1=0

      DO WHILE(N1<NDP)

          I1=I1+10

          N1=MIN(I1,NDP)

          K2=K1+1

          N2=MIN(10,NDP-K1)

    !     PRINTOUT PESTICIDE SUMMARY MONTHLY

          WRITE(KW(1),3910)(PSTN(K),K=K2,N1)

          IF(ISX==NCMD)THEN

              WRITE(KW(1),470)HEDP(1),(SMAP(1,K,ISX),K=K2,N1)

              WRITE(KW(1),470)HEDP(2),(AD1(K),K=K2,N1)

              DO L=3,4

                  WRITE(KW(1),470)HEDP(L),(SMAP(L,K,ISX),K=K2,N1)

              END DO

              WRITE(KW(1),470)HEDP(5),(AD2(K),K=K2,N1)

          ELSE

              DO L=1,7

                  WRITE(KW(1),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

              END DO

          END IF

          DO L=10,13

              WRITE(KW(1),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

              IF(KFL(30)>0)WRITE(KW(30),470)HEDP(L),(SMAP(L,K,II),K=K2,N1)

          END DO

          K1=I1

      END DO

      RETURN 

  462 FORMAT(5X,A16,T35,'MAXIMUM')

  463 FORMAT(8X,'SOL  ',5E13.5)

  464 FORMAT(8X,'Q+SSF',5E13.5)

  465 FORMAT(8X,'ADSRB',5E13.5)

  466 FORMAT(8X,'SED Y',5E13.5)

  470 FORMAT(5X,A4,10E16.6)

  472 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'PAPL=',E13.6,2X,&

      'PSRO=',E13.6,2X,'PSSF=',E13.6,2X,'PSED=',E13.6/5X,'PDGF=',E13.6,&

      2X,'PDGS=',E13.6,2X,'PRSF=',E13.6,2X,'PDPK=',E13.6,2X,'PFOL=',&

      E13.6,2X,'PGW =',E13.6/5X,'PSOL=',E13.6/)

  473 FORMAT(T35,'50 % EXCEED')

  474 FORMAT(T35,'10 % EXCEED')

 2232 FORMAT(//T10,'SA#=',I8,1X,'ID=',I8)  

 3910 FORMAT(/11X,10A16)

 3940 FORMAT(/1X,'-----AVE ANNUAL VALUES(g/ha)')

      END






src/PSTTBL.f90

      SUBROUTINE PSTTBL

!     APEX1501

!     THIS SUBPROGRAM READS PESTICIDE TABLE TO DETERMINE PESTICIDE

!     PARAMETERS

      USE PARM 

      DIMENSION YTP(7)

      IF(NDP>0)THEN

          DO L=1,NDP

              IF(KDP(L)==JX(7))RETURN

          END DO

      END IF

      NDP=NDP+1

      KDP(NDP)=JX(7)

      KDP1(JX(7))=NDP

      READ(KR(8),'()')

      READ(KR(8),'()')

!     READ PESTICIDE TABLE

!  1  PSTN = PESTICIDE NAME

!  2  PSOL = PESTICIDE SOLUBILITY (ppm)

!  3  PHLS = PESTICIDE HALF LIFE IN SOIL (d)

!  4  PHLF = PESTICIDE HALF LIFE ON FOLIAGE (d)

!  5  PWOF = PESTICIDE WASH OFF FRACTION

!  6  PKOC = PESTICIDE ORGANIC C ADSORPTION COEF

!  7  PCST = PESTICIDE COST ($/KG)

      J1=-1

      DO WHILE(J1/=JX(7))

          READ(KR(8),1,IOSTAT=NFL)J1,PSTN(NDP),(YTP(L),L=2,7)

          IF(NFL/=0)THEN

              WRITE(*,*)'PEST NO = ',JX(7),' NOT IN PEST LIST FILE &

              SAID = ',NBSA(ISA)

              STOP

          END IF

      END DO

      PSOL(NDP)=YTP(2)

      PHLS(NDP)=YTP(3)

      PHLF(NDP)=YTP(4)

      PWOF(NDP)=YTP(5)

      PKOC(NDP)=YTP(6)

      PCST(NDP)=YTP(7)

      REWIND KR(8)

      RETURN

      !1 FORMAT(I5,1X,A16,F12.0,3F8.0,F10.0,F8.0)    

    1 FORMAT(I5,1X,A16,6E16.6)

      END






src/RATECVM_CM.f90

      SUBROUTINE RATECVM_CM(CBW,DZRT,SSS,ZCH)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES A RATING CURVE (FLOW RATE AND FLOW AREA 

!     GIVEN DEPTH) AND THE M_C EXPONENT M

      USE PARM

      DIMENSION AX(30)

      ZX=0.

      DO I=1,NPRC

          ZX=ZX+DZRT

          ZZ=ZX-ZCH

          IF(ZZ>0.)THEN

              !COMPUTE CH FLOW ABOVE QCAP

              ACH=CHXA(ISA)+ZZ*RCTW(ISA)

              R=ACH/CHXP(ISA)

              QCH=ACH*R**.66667*RCHX(ISA)

              CHW=RCTW(ISA)

              !COMPUTE FP FLOW

              AFPX=ZZ*(RFPW(ISA)-RCTW(ISA))

              QFP=AFPX*ZZ**.66667*RFPX(ISA)/RFPW(ISA)

              SCFS(I,ISA)=QCH+QFP

              AX(I)=ACH+AFPX

          ELSE

              X1=ZX*RCSS(ISA)

              AX(I)=ZX*(CBW+X1)

              P=CBW+2.*SSS*ZX

              SCFS(I,ISA)=AX(I)**1.66667*RCHX(ISA)/P**.66667

          END IF

      END DO

      XMS(1,ISA)=1.66667

      XMS(2,ISA)=LOG10(SCFS(2,ISA)/SCFS(1,ISA))/LOG10(AX(2)/AX(1))

      TOT=XMS(2,ISA)*SCFS(2,ISA)

      DO J=3,NPRC

          J1=J-1          

          X1=LOG10(SCFS(J,ISA)/SCFS(J1,ISA))/LOG10(AX(J)/AX(J1))

          TOT=TOT+X1*(SCFS(J,ISA)-SCFS(J1,ISA))

          XMS(J,ISA)=TOT/SCFS(J,ISA)

      END DO

      IF(KFL(26)>0)THEN

          ZX=0.

          DO J=1,NPRC

              ZX=ZX+DZRT

              WRITE(KW(26),1)ZX,AX(J),SCFS(J,ISA),XMS(J,ISA)

          END DO                                                            

      END IF    

      RETURN

    1 FORMAT(5X,4F10.3)      

      END






src/RESPOND.f90

      SUBROUTINE RESPOND

!     APEX1501

!     THIS SUBPROGRAM ROUTES WATER AND SEDIMENT THROUGH RESEVOIRS.

!     COMPUTES EVAPORATION AND SEEPAGE FROM THE RESERVOIR.

      USE PARM

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDX=IDOA(IDN2)

	  IDNB(IDO)=NBSA(IDN2)

	  YB=RSYS(IDN2)

	  RWSA(IDO)=RWSA(IDN1)

	  IF(IEXT(IDN2)>0)THEN

	      A1=WSA(IDN2)

	  ELSE

	      A1=RWSA(IDN1)

	  END IF

      A10=10.*A1

      AP=WSA(IDN2)*PCOF(IDN2)

	  AP10=10.*AP

      V0=RSV(IDN2)

      XX=V0/AP10

      STV(13,MO,IDN2)=XX

      VARS(13)=XX

      TC(IDO)=TC(IDN1)

      SST(IDO)=SST(IDN1)

      RSSF(IDO)=RSSF(IDN1)

	  XX=MAX(.1,V0+RVP0(IDN2)-RSVP(IDN2))

      X2=BR1(IDN2)*XX**BR2(IDN2)

   	  RSSA(IDN2)=MIN(X2,RSAE(IDN2))

      STV(15,MO,IDN2)=RSSA(IDN2)

      VARS(15)=RSSA(IDN2)

      EV=6.*EO*RSSA(IDN2)

      SP=RSHC(IDN2)*RSSA(IDN2)*240.

      RFRA=RFV(IRF(IDN2))*RSSA(IDN2)*10.

	  SALA(IDN2)=MAX(0.,AP-RSSA(IDN2))

      Q1=QVOL(IDX)+RFRA

      Y1=MAX(0.,SALA(IDN2)*YSD(NDRV,IDX))

      XX=SP+EV

      X1=Q1/AP10

      SMM(64,MO,IDN2)=SMM(64,MO,IDN2)+Q1

      VAR(64,IDN2)=Q1

      V0=V0+Q1

      IF(V0<=XX)THEN

          X1=V0/(XX+1.E-10)

          EV=EV*X1

          SP=SP*X1

          RSV(IDN2)=0.

          QVOL(IDO)=0.

          YSD(NDRV,IDO)=0.

          YN(IDO)=0.

          YP(IDO)=0.

          QN(IDO)=0.

          QP(IDO)=0.

          TSFN(IDO)=0.

          RSFN(IDO)=0.

	      RSYS(IDN2)=0.

	      DEP=YB

	      Y2=0.

          GO TO 7

      END IF

      V0=V0-XX

      VRR=V0-RSVE(IDN2)

      OFLO=0.

      IF(VRR>0.)OFLO=VRR

      VVR=V0-RSVP(IDN2)

      IF(VVR>0.)THEN

          OFLO=OFLO+MIN(RSRR(IDN2),RSVE(IDN2)-RSVP(IDN2),VVR)

          V0=V0-OFLO

      END IF

      VV=V0+OFLO

      SMM(65,MO,IDN2)=SMM(65,MO,IDN2)+OFLO

      VAR(65,IDN2)=OFLO

      QVOL(IDO)=MAX(0.,(OFLO-QVOL(IDX)*AP+A10*QVOL(IDN1))/A10)

      X1=Y1/AP

      YY=RSYS(IDN2)+Y1

      SMM(68,MO,IDN2)=SMM(68,MO,IDN2)+Y1

      VAR(68,IDN2)=Y1

      CY=YY/VV

      CD=MAX(RSYN(IDN2),(CY-RSYN(IDN2))*RSDP(IDN2)+RSYN(IDN2))

      Y2=OFLO*MIN(CD,CY)

      X1=Y2/AP

      SMM(69,MO,IDN2)=SMM(69,MO,IDN2)+Y2

      VAR(69,IDN2)=Y2

	  YSD(NDRV,IDO)=MAX(0.,(Y2-YSD(NDRV,IDX)*AP+A1*YSD(NDRV,IDN1))/A1)

	  DEP=MAX(0.,V0*(CY-CD))

      SRCH(13,IDO)=SRCH(13,IDO)+DEP

      SMM(70,MO,IDN2)=SMM(70,MO,IDN2)+DEP

      VAR(70,IDN2)=DEP

      X1=YY-Y2-DEP

      RSYS(IDN2)=X1

      XX=X1/AP

      STV(14,MO,IDN2)=X1

      VARS(14)=X1

      TOT=0.

      DRTO=MIN(1.,(.001+Y2)/(Y1+.001))

      B1=LOG(DRTO)/4.47

      DO I=1,NSZ

          PCTH(I,IDO)=PCT(I,IDN1)

          X1=MAX(-10.,B1*PSZY(I))

          PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

          TOT=TOT+PCT(I,IDO)

      END DO

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

      END DO

      YX=YY+1.E-5 

	  RSON(IDN2)=RSON(IDN2)+YN(IDN1)*AP

      CON=RSON(IDN2)/YX

	  RSOP(IDN2)=RSOP(IDN2)+YP(IDN1)*AP

      COP=RSOP(IDN2)/YX

      X2=Y2+DEP

      X1=CON*X2

      RTO=X1/RSON(IDN2)

      IF(RTO>.1)THEN

          X1=.1*RSON(IDN2)

          CON=X1/X2

      END IF

      YN(IDO)=MAX(0.,(Y2*CON-YN(IDX)*AP+A1*YN(IDN1))/A1)

      RSON(IDN2)=MAX(.01,RSON(IDN2)-X1)

      X1=COP*X2

      RTO=X1/RSOP(IDN2)

      IF(RTO>.1)THEN

          X1=.1*RSOP(IDN2)

          COP=X1/X2

      END IF

      YP(IDO)=MAX(0.,(Y2*COP-YP(IDX)*AP+A1*YP(IDN1))/A1)

      RSOP(IDN2)=MAX(.01,RSOP(IDN2)-X1)

      RSO3(IDN2)=RSO3(IDN2)+AP*QN(IDX)

      CO3=RSO3(IDN2)/VV

      RSSP(IDN2)=RSSP(IDN2)+AP*QP(IDX)

      CSP=RSSP(IDN2)/VV

	  X1=OFLO*CO3

      QN(IDO)=MAX(0.,(X1-QN(IDX)*AP+A1*QN(IDN1))/A1)

      RSO3(IDN2)=MAX(.01,RSO3(IDN2)-X1)

      X1=OFLO*CSP

      QP(IDO)=MAX(0.,(X1-QP(IDX)*AP+A1*QP(IDN1))/A1)

      RSSP(IDN2)=MAX(.01,RSSP(IDN2)-X1)

      RSV(IDN2)=V0

    7 SMM(66,MO,IDN2)=SMM(66,MO,IDN2)+EV

      VAR(66,IDN2)=EV

      TREV=TREV+EV

      SAET=10.*SALA(IDN2)*AET

      TSAE=TSAE+SAET

      SMM(67,MO,IDN2)=SMM(67,MO,IDN2)+SP

      VAR(67,IDN2)=SP

      RSPK(IDN2)=.1*SP/WSA(IDN2)

      X1=DEP/RSBD(IDN2)

      RSVP(IDN2)=MAX(0.,RSVP(IDN2)-X1)

	  RSVE(IDN2)=MAX(0.,RSVE(IDN2)-X1)

      IF(KFL(13)>0)WRITE(KW(13),12)IDN2,NBSA(IDN2),IY,MO,KDA,RFV&

      (IRF(IDN2)),Q1,EV,SP,OFLO,RSV(IDN2),RSVP(IDN2),RSVE(IDN2),Y1,Y2,DEP&

      ,RSYS(IDN2),RSSA(IDN2),YSD(NDRV,IDN1),YSD(NDRV,IDN2),YSD(NDRV,IDO)

   12 FORMAT(1X,2I4,1X,I4,2I2,2X,8F10.0,20F10.2)

      RETURN

      END






src/RESPQB.f90

      SUBROUTINE RESPQB(QI,EV,QO,SP,QRP,RSVF,RSVB,QIRR,ISA,KFL,KW,NBSA,MSO,IPR)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE POND AND RESERVOIR WATER BALANCES AT 

!     THE END OF A SIMULATION

      DIMENSION NBSA(ISA),KFL(MSO+1),KW(MSO)

      DF=RSVB+QI-EV-QO-RSVF-SP-QRP-QIRR

	  PER=200.*DF/(QI+QO)

	  IF(ABS(PER)>1..OR.KFL(1)>0)THEN

	      IF(IPR>0)THEN

	          WRITE(KW(1),4)ISA,NBSA(ISA)

	      ELSE

	          WRITE(KW(1),2)ISA,NBSA(ISA)

	      END IF

	      WRITE(KW(1),3)PER,DF,RSVB,QI,QO,EV,SP,QRP,QIRR,RSVF

          RSVB=RSVF

      END IF

      RETURN

    2 FORMAT(/T10,'POND WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BVOL=',E13.6,2X,&

      'QI  =',E13.6,2X,'QO  =',E13.6,2X,'EVP =',E13.6/5X,'SEP =',E13.6,&

      2X,'QRP =',E13.6,2X,'QIRR=',E13.6,2X,'FVOL=',E13.6)

    4 FORMAT(/T10,'RESERVOIR WATER BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/RESQB.f90

      SUBROUTINE RESQB(QI,QO,P,EV,PRK,SSF,RGA,SNO,SWF,SWI,SSFI,QRF,RBK,&

      ISA,KW,NBSA,MSO)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE RESERVOIR WATER BALANCE AT THE END OF A

!     SIMULATION.

      DIMENSION NBSA(ISA),KW(MSO)

      DF=SWI+QI+P-QO-EV-PRK-SSF-QRF+RGA+SSFI-RBK-SWF-SNO

	  PER=100.*DF/SWF

	  IF(ABS(PER)<1.)RETURN

	  WRITE(KW(1),2)

      WRITE(KW(1),3)PER,DF,SWI,P,QI,QO,EV,PRK,SSF,QRF,RGA,SSFI,RBK,SWF,SNO

	  WRITE(KW(1),4)ISA,NBSA(ISA) 

      RETURN

    2 FORMAT(/T10,'RESERVOIR WATER BALANCE')

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BSW =',E13.6,2X,&

      'PRCP=',E13.6,2X,'QI  =',E13.6,2X,'QO  =',E13.6/5X,'EVP =',E13.6,&

      2X,'SEP =',E13.6,2X,'SSF =',E13.6,2X,'QRF =',E13.6,2X,'IRGA=',&

      E13.6,2X,'SSFI=',E13.6/5X,'RBK =',E13.6,2X,'FSW =',E13.6,2X,&

      'SNO =',E13.6)

    4 FORMAT(10X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/RESRT.f90

      SUBROUTINE RESRT

!     APEX1501

!     THIS SUBPROGRAM ROUTES WATER AND SEDIMENT THROUGH RESEVOIRS.

!     COMPUTES EVAPORATION AND SEEPAGE FROM THE RESERVOIR.

      USE PARM

      DIMENSION VBK(5)

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDRO(IDN2)=IDO

	    IDX=IDOA(IDN2)

	    IDNB(IDO)=NBSA(IDN2)

	    LD1=LID(1,IDN2)

	    RWSA(IDO)=RWSA(IDN1)

      !IF(WYLD(IDN1)<1.E-10)RETURN

      YB=RSYS(IDN2)

      RSSF(IDO)=0.

	    SST(IDO)=0.

      QDR(IDO)=0.

      QRF(IDO)=0.

      CPVH(IDO)=0.

	    DEP=0.

	    Y2=0.

      Y2O=0.

      RSPK=0.

      VBK=0.

      Q1M3=WYLD(IDN1)

      IF(IEXT(IDN2)>0)THEN

	      A1=WSA(IDN2)

          II=IDN2

	    ELSE

	      A1=RWSA(IDN1)

          II=IDN2-1

      END IF

      II0=II

      A10=10.*A1

      V0=RSV(IDN2)

      TC(IDO)=TC(IDN1)

      SST(IDO)=SST(IDN1)

      STV(15,MO,IDN2)=RSSA(IDN2)

      VARS(15)=RSSA(IDN2)

      X1=RSSA(IDN2)

      EVRS(IDN2)=10.*EO*X1

      SP=RSHC(IDN2)*X1*240.

      PRCP=RFV(IRF(IDN2))-VAR(6,IDN2)

      RFRA=PRCP*X1*10.

	    IF(IDX==IDN1)THEN

          QIX=0.

      ELSE

          QIX=Q1M3

      END IF    

	    QSA=WYLD(IDX)

      VARH(37,IDX)=QSA

	    SMM(125,MO,IDN2)=SMM(125,MO,IDN2)+QIX

	    SMM(126,MO,IDN2)=SMM(126,MO,IDN2)+QSA

	    SMM(127,MO,IDN2)=SMM(127,MO,IDN2)+RFRA

	    Q1=QIX+RFRA !Jaehak 2023 updated from: Q1=QIX+QSA+RFRA

	    Y1=YSD(NDRV,IDN1)

	    YU1=YMNU(IDN1)

	    RSM1=RSDM(LD1,IDN2)

	    XX=SP+EVRS(IDN2)

      X1=Q1/A10

      SMM(64,MO,IDN2)=SMM(64,MO,IDN2)+Q1

      VAR(64,IDN2)=Q1

      V0=V0+Q1

      IF(V0<=XX)THEN

          X1=V0/(XX+1.E-10)

          EVRS(IDN2)=EVRS(IDN2)*X1

          SP=SP*X1

          RSPK(IDN2)=.1*SP/WSA(IDN2)

          RSV(IDN2)=0.

          QVOL(IDO)=0.

          YSD(NDRV,IDO)=0.

          YN(IDO)=0.

          YP(IDO)=0.

          QN(IDO)=0.

          QP(IDO)=0.

          TSFN(IDO)=0.

          RSFN(IDO)=0.

	      RSYS(IDN2)=0.

	      RSOP(IDN2)=.0001

          RSON(IDN2)=.0001

	      RSSP(IDN2)=.0001

	      RSO3(IDN2)=.0001

	      DEP=YB

	  ELSE

          V0=V0-XX

          VRR=V0-RSVE(IDN2)

          OFLO=0.

	      OFP=0.

	      I1=1

	      A3=A1

          IF(VRR>0.)OFLO=VRR

          VVR=V0-RSVP(IDN2)

          IF(VVR>0.)THEN

	          X1=MIN(RSRR(IDN2),RSVE(IDN2)-RSVP(IDN2),VVR)

	          IF(ISAO(IDN2)==0)THEN

	              OFLO=OFLO+X1

	          ELSE

	              OFP=X1

	              I2=NISA(ISAO(IDN2))

	              I1=IDOA(I2)

	              A3=WSA(I2)

                  QRP(I1)=QRP(I1)+OFP

 	              SMM(111,MO,IDN2)=SMM(111,MO,IDN2)+OFP

	              VAR(111,IDN2)=VAR(111,IDN2)+OFP

	              V0=V0-OFP

	          END IF    

              V0=V0-OFLO

          END IF

          RSV(IDN2)=V0

          STV(13,MO,IDN2)=V0

          VARS(13)=V0

          XX=MAX(.1,V0+RVP0(IDN2)-RSVP(IDN2)+RVE0(IDN2)-RSVE(IDN2))

          X2=BR1(IDN2)*XX**BR2(IDN2)

          RSSA(IDN2)=MIN(X2,RSAE(IDN2))

          SALA(IDN2)=MAX(0.,WSA(IDN2)-RSSA(IDN2))

          VV=MAX(1.E-5,V0+OFLO+OFP)

          SMM(65,MO,IDN2)=SMM(65,MO,IDN2)+OFLO

          VAR(65,IDN2)=OFLO

          WYLD(IDO)=OFLO

          VARH(34,IDO)=OFLO

          SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+OFLO

          VARH(35,IDO)=OFLO/86400.

          SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

          QVOL(IDO)=OFLO

	      IF(IEXT(IDN2)==0.AND.V0>RSVP(IDN2))THEN

              !COMPUTE BACKWATER VOLUME

              SUM=WSA(IDN2)

              SUM1=SUM

              X1=24.*RSHC(IDN2)

              IF(RSSA(IDN2)<SUM)THEN

                  RTO=RSSA(IDN2)/WSA(IDN2)

                  RSPK(IDN2)=X1*RTO

                  IQT=1

              ELSE

                  RSPK(IDN2)=X1

                  IQT=0

              END IF    

              !DISTRIBUTE BACKWATER TO UPSTREAM SA'S

              DO

                  IF(IQT>0)EXIT

                  SUM=SUM+WSA(II)

                  IF(RSSA(IDN2)<SUM)THEN

                      RTO=(RSSA(IDN2)-SUM1)/WSA(II)

                      RSPK(II)=X1*RTO

                      IQT=1

                  ELSE

                      RSPK(II)=X1

                  END IF

                  VBK(II)=10.*RSPK(II)*WSA(II)

                  SMM(86,MO,II)=SMM(86,MO,II)+VBK(II)

                  VAR(86,II)=VBK(II)

                  II=II-1

                  SUM1=SUM

              END DO 

          ELSE

              RSPK(IDN2)=240.*RSHC(IDN2)*RSSA(IDN2)

              SMM(86,MO,IDN2)=SMM(86,MO,IDN2)+RSPK(IDN2)

          END IF

          YY=RSYS(IDN2)+Y1

	      IF(YY>0.)THEN

              SMM(68,MO,IDN2)=SMM(68,MO,IDN2)+Y1

              VAR(68,IDN2)=Y1

              CY=YY/VV

              CD=MAX(RSYN(IDN2),(CY-RSYN(IDN2))*RSDP(IDN2)+RSYN(IDN2))

	          X1=MIN(CD,CY)

              Y2=OFLO*X1

	          Y2O=MIN(YY,OFP*X1)

	          YSD(NDRV,I1)=YSD(NDRV,I1)+Y2O/A3

	          SMM(112,MO,IDN2)=SMM(112,MO,IDN2)+Y2O

	          VAR(112,IDN2)=Y2O

	          YSD(NDRV,IDO)=Y2/A1

	          RSM1=WSA(IDN2)*RSM1

	          YYU=RSM1+YU1

	          CUN=YYU/VV

	          CDU=CD*CUN/CY

	          X1=MIN(CDU,CUN)

	          YU2=MIN(OFLO*X1,.5*YU1+.1*RSM1)

	          YMNU(IDO)=MAX(0.,YU2)

	          RSDM(LD1,IDN2)=(YYU-YU2)/WSA(IDN2)

	          SMM(69,MO,IDN2)=SMM(69,MO,IDN2)+Y2

              VAR(69,IDN2)=Y2

              DEP=MAX(0.,V0*(CY-CD))

              SRCH(13,IDO)=SRCH(13,IDO)+DEP

              SMM(70,MO,IDN2)=SMM(70,MO,IDN2)+DEP

              VAR(70,IDN2)=DEP

              X1=YY-Y2-Y2O-DEP

              RSYS(IDN2)=MAX(1.E-10,X1)

              XX=X1/A1

              STV(14,MO,IDN2)=X1

              VARS(14)=XX

              TOT=0.

              DRTO=MIN(1.,(.001+Y2)/(Y1+.001))

              B1=LOG(DRTO)/4.47

              DO I=1,NSZ

                  PCTH(I,IDO)=PCT(I,IDN1)

                  X1=MAX(-10.,B1*PSZY(I))

                  PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

                  TOT=TOT+PCT(I,IDO)

              END DO

              DO I=1,NSZ

                  PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

              END DO

              YX=YY+1.E-5

	          RSON(IDN2)=RSON(IDN2)+YN(IDN1)*A1

              CON=RSON(IDN2)/YX

	          RSOP(IDN2)=RSOP(IDN2)+YP(IDN1)*A1

              COP=RSOP(IDN2)/YX

	          X2=Y2+DEP+Y2O

              X1=CON*X2

              RTO=X1/RSON(IDN2)

              IF(RTO>.1)THEN

                  X1=.1*RSON(IDN2)

                  CON=X1/X2

              END IF

              YN(IDO)=CON*Y2/A1

              DRTP=MIN(1.,(.001+Y2O)/(Y1+.001))

	          X3=MIN(RSON(IDN2),CON*Y2O)

	          SMM(113,MO,IDN2)=SMM(113,MO,IDN2)+X3

              VAR(113,IDN2)=X3

              YN(I1)=YN(I1)+X3/A3

              RSON(IDN2)=MAX(.01,RSON(IDN2)-X1)

              X1=COP*X2

              RTO=X1/RSOP(IDN2)

              IF(RTO>.1)THEN

                  X1=.1*RSOP(IDN2)

                  COP=X1/X2

              END IF

              YP(IDO)=COP*Y2/A1

	          X3=MIN(RSOP(IDN2),COP*Y2O)

	          SMM(114,MO,IDN2)=SMM(114,MO,IDN2)+X3

              VAR(114,IDN2)=X3

              YP(I1)=YP(I1)+X3/A3

              RSOP(IDN2)=MAX(.01,RSOP(IDN2)-X1)

              RSO3(IDN2)=RSO3(IDN2)+A1*QN(IDN1)

              CO3=RSO3(IDN2)/VV

              RSSP(IDN2)=RSSP(IDN2)+A1*QP(IDN1)

              CSP=RSSP(IDN2)/VV

              QN(IDO)=OFLO*CO3

	          X3=OFP*CO3

	          SMM(115,MO,IDN2)=SMM(115,MO,IDN2)+X3

	          QN(I1)=QN(I1)+X3/A3

              RSO3(IDN2)=MAX(.01,RSO3(IDN2)-QN(IDO)-X3)

              QP(IDO)=OFLO*CSP

	          X3=OFP*CSP

	          SMM(116,MO,IDN2)=SMM(116,MO,IDN2)+X3

	          QP(I1)=QP(I1)+X3/A3

              RSSP(IDN2)=MAX(.01,RSSP(IDN2)-QP(IDO)-X3)

              QN(IDO)=QN(IDO)/A1

              QP(IDO)=QP(IDO)/A1

          END IF    

      END IF    

      SMM(66,MO,IDN2)=SMM(66,MO,IDN2)+EVRS(IDN2)

      VAR(66,IDN2)=EVRS(IDN2)

      TREV=TREV+EVRS(IDN2)

      SAET=10.*SALA(IDN2)*AET

      TSAE=TSAE+SAET

      SMM(67,MO,IDN2)=SMM(67,MO,IDN2)+SP

      VAR(67,IDN2)=SP

      X1=DEP/RSBD(IDN2)

      RSVP(IDN2)=MAX(0.,RSVP(IDN2)-X1)

	  RSVE(IDN2)=MAX(0.,RSVE(IDN2)-X1)

	  DF=YB+Y1-Y2-Y2O-DEP-RSYS(IDN2)

	  IF(KFL(13)==0)RETURN

	  !IF(ABS(DF)>1.E-5)WRITE(KW(13),13)DF

	  WRITE(KW(13),12)IDN2,NBSA(IDN2),IY,MO,KDA,RFRA,QSA,QIX,EVRS(IDN2),SP,&

      OFLO,RSV(IDN2),RSVP(IDN2),RSVE(IDN2),Y1,Y2O,DEP,RSSA(IDN2),VBK(2),VBK(1)

      RETURN     

   12 FORMAT(1X,2I4,1X,3I4,2X,4F10.0,F10.3,4F10.0,4F10.2,2F10.3)

   13 FORMAT(1X,'!!!!!',E16.6)	 

	  END 

      






src/RESYB.f90

      SUBROUTINE RESYB(YI,YO,YRP,DEP,RSYF,RSYB,ISA,KFL,KW,NBSA,MSO,IPR)

!     APEX1501

!     THIS SUBPROGRAM CHECKS THE RESERVOIR SEDIMENT BALANCE AT THE END

!     OF A SIMULATION.

      DIMENSION NBSA(ISA),KFL(MSO+1),KW(MSO)

      DF=RSYB+YI-YO-YRP-DEP-RSYF

      PER=100.*DF/(DEP+1.E-10)

	  IF(ABS(PER)>1..OR.KFL(1)>0)THEN

	      IF(IPR>0)THEN

	          WRITE(KW(1),2)ISA,NBSA(ISA)

	      ELSE

	          WRITE(KW(1),4)ISA,NBSA(ISA)

	      END IF

	      WRITE(KW(1),3)PER,DF,RSYB,YI,DEP,YO,YRP,RSYF

	  END IF

      RETURN

    2 FORMAT(/T10,'RESERVOIR SED BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

    3 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'RSYB=',E13.6,2X,&

     &'YI  =',E13.6,2X,'DEP =',E13.6,2X,'YO  =',E13.6/5X,'YRP =',E13.6,&

     &2X,'RSYF=',E13.6)

    4 FORMAT(/T10,'POND SED BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/ROUTE.f90

      SUBROUTINE ROUTE

!     APEX1501

!     THIS SUBPROGRAM CONTROLS ROUTING OPERATIONS.

      USE PARM 

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      IDNB(IDO)=NBSA(IDN2)

      QVOL(IDO)=QVOL(IDN1)

      RSSF(IDO)=RSSF(IDN1)

      SST(IDO)=SST(IDN1)

      VARH(15,IDN1)=SST(IDN1)

      VARH(15,IDO)=SST(IDN1)

      QDR(IDO)=QDR(IDN1)

      QRF(IDO)=QRF(IDN1)

      WYLD(IDO)=WYLD(IDN1)

      IDNF(IDN2)=IDN1

      SMIO(IDN1)=SMIO(IDN1)+WYLD(IDN1)

      VARH(36,IDN1)=WYLD(IDN1)

      VSSN(IDN1)=TSFN(IDN1)

      SSN(IDN1)=SSN(IDN1)+TSFN(IDN1)

      RWSA(IDO)=RWSA(IDN1)

      TC(IDO)=TC(IDN1)

      RSFN(IDO)=RSFN(IDN1)

      QDRN(IDO)=QDRN(IDN1)

      QRFN(IDO)=QRFN(IDN1)

      RQRB(IDO)=RQRB(IDN1)

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDN1)

      END DO

      DO K=1,NDP

          QPST(K,IDO)=QPST(K,IDN1)

          TSPS(K,IDO)=TSPS(K,IDN1)

	      YPST(K,IDO)=YPST(K,IDN1)

      END DO

      X2=RWSA(IDN1)/WSA(IDN2)

      !X6=SST(IDN1)*X2

      X5=TSFN(IDN1)

      II=IDOA(IDN2)

      SST(II)=SST(IDN1)

      TSFN(IDO)=X5

      TSFN(II)=X5

      SSIN(IDN2)=SSIN(IDN2)+X5

      X5=X5/WSA(IDN2)

      X2=X5/Z(LID(NBSL(IDN2),IDN2),IDN2)

      !SSFI(IDN2)=SSFI(IDN2)+X6

      !SMM(95,MO,IDN2)=SMM(95,MO,IDN2)+X6

      !VAR(95,IDN2)=X6

      X6=.1*SST(IDN1)/WSA(IDN2)

      XX=X6/Z(LID(NBSL(IDN2),IDN2),IDN2)

      Z1=0.

      DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          X1=Z(ISL,IDN2)-Z1

          X3=XX*X1

          X4=X2*X1

          WNO3(ISL,IDN2)=WNO3(ISL,IDN2)+X4

          SWST(ISL,IDN2)=SWST(ISL,IDN2)+X3

          Z1=Z(ISL,IDN2)

      END DO

      YSD(NDRV,IDO)=0.

      YN(IDO)=0.

      YP(IDO)=0.

      YC(IDO)=0.

      QC(IDO)=0.

      QN(IDO)=0.

      QP(IDO)=0.

	  QPU(IDO)=0.

      YMNU(IDO)=0.

      YCOU(IDO)=0.

      YNOU(IDO)=0.

      YPOU(IDO)=0.

      CALL EYCC(IDN2)

      IF(IHY==0.AND.WYLD(IDO)>0.)THEN

          CALL RTSED

      ELSE    

          IF(NHY(IDN1)>0.)THEN

              SELECT CASE(IHY)

                  CASE(1)

                      CALL RTVSC

                  CASE(2)

                      CALL RTSVS

                  CASE(3)

                      CALL RTM_CVC

                  CASE(4)

                      CALL RTM_CVC4

                  CASE DEFAULT

                      CALL RTVSC

              END SELECT                                      

          END IF

      END IF    

      RETURN

      END






src/RTADD.f90

      SUBROUTINE RTADD

!     APEX1501

!     THIS SUBPROGRAM ADDS SUBAREA OUTPUTS TO ROUTED OUTPUTS TO

!     DETERMINE TOTAL OUTPUT FROM A ROUTING REACH.

      USE PARM

      IDO=IDOT(ICMD)

      IDN1=IDN1T(ICMD)

      IDN2=IDN2T(ICMD)

      Z1=RWSA(IDN1)

      Z2=RWSA(IDN2)

      !IDOR(IDN2)=IDO

      Z3=Z1+Z2

      RWSA(IDO)=Z3

      RQRB(IDO)=0.

      QVOL(IDO)=QVOL(IDN1)+QVOL(IDN2)

      QMM=.1*QVOL(IDO)/Z3

      VARH(2,IDO)=QVOL(IDO)/86400.

      SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

      RSSF(IDO)=RSSF(IDN1)+RSSF(IDN2)

      QRF(IDO)=QRF(IDN1)+QRF(IDN2)

      QDR(IDO)=QDR(IDN1)+QDR(IDN2)

      CPVH(IDO)=(CPVH(IDN1)*Z1+CPVH(IDN2)*Z2)/Z3

      QN(IDO)=QN(IDN1)+QN(IDN2)

      QC(IDO)=QC(IDN1)+QC(IDN2)

      QP(IDO)=QP(IDN1)+QP(IDN2)

      QPU(IDO)=(QPU(IDN1)*Z1+QPU(IDN2)*Z2)/Z3

      YSD(NDRV,IDO)=YSD(NDRV,IDN1)+YSD(NDRV,IDN2)

      YC(IDO)=YC(IDN1)+YC(IDN2)

      YN(IDO)=YN(IDN1)+YN(IDN2)

      YP(IDO)=YP(IDN1)+YP(IDN2)

      YPM(IDO)=(YPM(IDN1)*Z1+YPM(IDN2)*Z2)/Z3

      YMNU(IDO)=YMNU(IDN1)+YMNU(IDN2)

      YCOU(IDO)=YCOU(IDN1)+YCOU(IDN2)

      YNOU(IDO)=YNOU(IDN1)+YNOU(IDN2)

      YPOU(IDO)=YPOU(IDN1)+YPOU(IDN2)

      QDRP(IDO)=(QDRP(IDN1)*Z1+QDRP(IDN2)*Z2)/Z3

      IF(ICDT(ICMD-2)==2)THEN

          II=NISA(IDNB(IDN1))

          IJ=IDOA(II)

          IDOR(II)=IDO

          SST(IDO)=SST(IJ)

      ELSE

          SST(IDO)=SST(IDN1)+SST(IDN2)

      END IF

      VARH(15,IDO)=SST(IDO)

      SMMH(15,MO,IDO)=SMMH(15,MO,IDO)+SST(IDO)

      TSFN(IDO)=TSFN(IDN1)+TSFN(IDN2)

      RSFN(IDO)=RSFN(IDN1)+RSFN(IDN2)

      QDRN(IDO)=QDRN(IDN1)+QDRN(IDN2)

      QRFN(IDO)=QRFN(IDN1)+QRFN(IDN2)

      SYC(IDO)=SYC(IDO)+YC(IDO)

      VYC(IDO)=YC(IDO)

      SQC(IDO)=SQC(IDO)+QC(IDO)

      VQC(IDO)=QC(IDO)

      SMQN(IDO)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      SQN(IDO)=SQN(IDO)+SMQN(IDO)

      VAQN(IDO)=SMQN(IDO)

      SQP(IDO)=SQP(IDO)+QP(IDO)

      VAQP(IDO)=QP(IDO)

      SYN(IDO)=SYN(IDO)+YN(IDO)

      VAYN(IDO)=YN(IDO)

      SYP(IDO)=SYP(IDO)+YP(IDO)

      VAYP(IDO)=YP(IDO)

      WYLD(IDO)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+QDR(IDO)+CPVH(IDO)

      VARH(34,IDO)=WYLD(IDO)

      SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+WYLD(IDO)

      VARH(35,IDO)=WYLD(IDO)/86400.

	  SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      VSSN(IDO)=TSFN(IDO)

      SSN(IDO)=SSN(IDO)+TSFN(IDO)

      SP2=0.

      SP4=0.

      DO K=1,NDP

          QPST(K,IDO)=(QPST(K,IDN1)*Z1+QPST(K,IDN2)*Z2)/Z3

          TSPS(K,IDO)=(TSPS(K,IDN1)*Z1+TSPS(K,IDN2)*Z2)/Z3

          RSPS(K,IDO)=(RSPS(K,IDN1)*Z1+RSPS(K,IDN2)*Z2)/Z3

          YPST(K,IDO)=(YPST(K,IDN1)*Z1+YPST(K,IDN2)*Z2)/Z3

          VARP(2,K,IDO)=QPST(K,IDO)

          SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO)

          VARP(4,K,IDO)=TSPS(K,IDO)

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+TSPS(K,IDO)

          VARP(5,K,IDO)=YPST(K,IDO)

          SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

          VARP(11,K,IDO)=RSPS(K,IDO)

          SMMP(11,K,MO,IDO)=SMMP(11,K,MO,IDO)+RSPS(K,IDO)

          SP2=SP2+QPST(K,IDO)

	      SP4=SP4+YPST(K,IDO)

      END DO

      VARH(6,IDO)=YSD(NDRV,IDO)

	  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

	  VARH(9,IDO)=YN(IDO)+YNOU(IDO)

	  SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+VARH(9,IDO)

	  VARH(11,IDO)=YP(IDO)+YPOU(IDO)

	  SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

	  VARH(13,IDO)=QN(IDO)    !+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

	  SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+VARH(13,IDO)

	  VARH(19,IDO)=QP(IDO)

	  SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+VARH(19,IDO)

	  VARH(27,IDO)=Z3*SP2

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

      VARH(29,IDO)=Z3*SP4

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  IF(WYLD(IDO)>0.)THEN

		  IF(QVOL(IDO)>0.)THEN

              TC(IDO)=(TC(IDN1)*QVOL(IDN1)+TC(IDN2)*QVOL(IDN2))/&

              (QVOL(IDN1)+QVOL(IDN2))

              IF(TC(IDO)>0.)THEN

	              TCAV(IDO)=TCAV(IDO)+TC(IDO)

			      ALTC=1.-EXP(-TC(IDO)*PRFF)

			      RQRB(IDO)=ALTC*QMM/TC(IDO)

			      PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

			      IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

			      NQRB(IDO)=NQRB(IDO)+1

			  END IF

	      ELSE

		      TC(IDO)=MAX(TC(IDN1),TC(IDN2))

			  PRFF=.042

			  ALTC=1.-EXP(-TC(IDO)*PRFF) 

	      END IF

	      !IF(KFL(9)>0.AND.ABS(Z3-RWSA(NCMD))<1.E-5)THEN

			  !X1=MAX(RQRB(IDO),X1/24.)

              !WRITE(KW(9),1202)IY,IYR,MO,KDA,QVOL(IDO),SST(IDO),&

              !QRF(IDO),RSSF(IDO),WYLD(IDO),X1,TC(IDO),ALTC

		  !END IF

	  END IF

      X1=YSD(NDRV,IDN1)*Z1

      X2=YSD(NDRV,IDN2)*Z2

      X3=X1+X2

      TOT=0.

      DO I=1,NSZ

          PCT(I,IDO)=MAX(.01,(PCT(I,IDN1)*X1+PCT(I,IDN2)*X2)/(X3+1.E-5))

          TOT=TOT+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PSZY(I)*PCT(I,IDO)

      END DO

      IF(KFL(NOFL)>0.AND.ICMD==ICMO(IOF))THEN

	      IF(IY==1.AND.IDA==1)WRITE(KW(NOFL),4082)Z3

          XTP(1)=QVOL(IDO)+RSSF(IDO)+QRF(IDO)+SST(IDO)+QDR(IDO)

	      SMSO(IOF)=SMSO(IOF)+XTP(1)

          XTP(2)=Z3*YSD(NDRV,IDO)

          XTP(3)=YN(IDO)

          XTP(4)=YP(IDO)

          XTP(5)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

          XTP(6)=QP(IDO)+QPU(IDO)

          WRITE(KW(NOFL),902)IDA,IYR,(XTP(I),I=1,6),(PSZ(I),PCT(I,IDO),&

          I=1,NSZ)

	      IOF=IOF+1

	      NOFL=NOFL+1

	  END IF

      IF(IHY==0)RETURN

      NHY(IDO)=MAX(NHY(IDN1),NHY(IDN2))

      IF(NHY(IDO)==0)RETURN

      IWH=0

      IF(QMM>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),11)IY,MO,KDA,IDN1,IDN2,IDO

          WRITE(KW(26),9)

      END IF

      IF(IHY>0)THEN

          T1=0.

          QPK=0.

          SUM=0.

          DO K=1,NPD

              QHY(K,IDO,IHX(1))=QHY(K,IDN1,IHX(1))+QHY(K,IDN2,IHX(1))

              SUM=SUM+QHY(K,IDO,IHX(1))

              IF(QHY(K,IDO,IHX(1))>QPK)THEN

                  QPK=QHY(K,IDO,IHX(1))

                  TPK=T1

              END IF

              IF(KFL(26)>0)WRITE(KW(26),6)T1,QHY(K,IDN1,IHX(1)),QHY(K,IDN2,&

              IHX(1)),QHY(K,IDO,IHX(1))

              T1=T1+DTHY

          END DO

          X2=Z3/(DTHY*360.)

          RQRB(IDO)=QPK/X2

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/X2

          HYDV(IDO)=SUM

          TC(IDO)=TPK

          !NQRB(IDO)=NQRB(IDO)+1

          !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !PRSD(IDO)=PRSD(IDO)+RQRB(IDO)*RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !X2=RQRB(IDO)/(SUM+1.E-10)

          !IF(X2>QRQB(IDO))QRQB(IDO)=X2

          !QRBQ(IDO)=QRBQ(IDO)+X2

          TCAV(IDO)=TCAV(IDO)+TC(IDO)

          IF(TC(IDO)<TCMX(IDO))THEN

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          ELSE

              TCMX(IDO)=TC(IDO)

          END IF

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),13)Z1,Z2,Z3,HYDV(IDN1),&

          HYDV(IDN2),SUM,QPK,TPK

          I=24

          DO J=2,MHX

              T1=T1-DTHY

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QHY(K,IDN1,IHX(J))+QHY(K,IDN2,IHX(J))

                  IF(KFL(26)>0)WRITE(KW(26),6)T1,QHY(K,IDN1,IHX(J)),QHY(K,IDN2,&

                  IHX(J)),QHY(K,IDO,IHX(J))

                  T1=T1+DTHY

              END DO

              IF(I>NHY(IDO).AND.QHY(NPD,IDO,IHX(J))<.1)EXIT

	      END DO

	  END IF

      RETURN

    6 FORMAT(9X,F8.3,4F10.3)

    9 FORMAT(//13X,'Th',5X,'QHY1m3/s',2X,'QHY2m3/s',2X,'QHYOm3/s')

   11 FORMAT(//T10,'ADD HYD'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X&

      ,'IDN2= ',I8,2X,'IDO= ',I8)

   13 FORMAT(T10,'WSA(IDN1)= ',F12.3,' ha',2X,'WSA(IDN2)= ',F12.3,' ha',&

      2X,'WSA(IDO)= ',F12.3,' ha'/T10,'QID1= ',F8.3,' mm',2X,'QID2= ',&

      F8.3,' mm',2X, 'QO= ',F8.3,' mm'/T10,'PEAK RATE= ',F8.3,' m3/s',2X,&

      'TP= ',F7.2,' h')

   14 FORMAT(T10,'ADD SED= ',F7.3,' t/ha')  

   12 FORMAT(5X,A2,3I8,3I4,5F10.2)

   17 FORMAT(20X,10E13.5)

  902 FORMAT(1X,I4,1X,I4,1X,20(1X,E16.6))

 1202 FORMAT(1X,4I4,15F10.2)  

 4082 FORMAT(///10X,'WATERSHED AREA = ',F10.2,' HA'/1X,'JDA   YR     TOT &

      FLOWm3        YSDt             YNkg             YPkg          TOT &

      NO3kg          QPkg',11X,3('PSZum',11X,'FRACTION',8X))  

      END






src/RTMCCEL.f90

      SUBROUTINE RTMCCEL(QFLO,AFLO,XMC,CLTY)

!     THIS SUB PROGRAM COMPUTES THE EXPONENT M OF FLOW AREA TO COMPUTE 

!     FLOW RATE

      USE PARM                                                     

      IF(QFLO<SCFS(1,IDN2))THEN

          XMC=XMS(1,IDN2)

      ELSE

          DO J=2,NPRC

              J1=J-1

              IF(QFLO<SCFS(J,IDN2))EXIT

          END DO

          J=MIN(J,NPRC)

          RTO=(QFLO-SCFS(J1,IDN2))/(SCFS(J,IDN2)-SCFS(J1,IDN2))

          XMC=RTO*(XMS(J,IDN2)-XMS(J1,IDN2))+XMS(J1,IDN2)

      END IF

      CLTY=XMC*QFLO/AFLO

      RETURN

      END






src/RTM_CVC.f90

      SUBROUTINE RTM_CVC

!     THIS SUBPROGRAM ROUTES HYDROGRAPHS THROUGH A REACH USING THE 

!     MUSKINGUM-CUNGE METHOD WITH VARIABLE C 

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP)

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1)

          WRITE(KW(26),1)

      END IF

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      SMI=0.

      NBCX=0

	  NBFX=0

	  QMS=0.

	  QMSI=0.

	  I=1

      DO J=1,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

      END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0)WRITE(KW(26),18)TM,ADD,ADD,ADD,ADD,ADD,ADD,&

          ADD,ADD,QMSI(L),QMS(L)

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      AI1=0.

      AO1=0.

      SUM=0.

      I=L

      ! ROUTING LOOP

      DO 

          I1=I-1

          SMI=SMI+QMSI(I)                                                                         

          QI2=QMSI(I)  

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)                                                                       

          Q3=(QI1+QI2+QO1)/3.

          A3=(AI1+AI2+AO1)/3.

          CALL HQDAV(AO2,CBW,Q3,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          !XMC=LOG10((QO1+Q3)/(QI1+QI2))/LOG10((AO1+AO2)/(AI1+AI2))

          !IF(XMC>2.)THEN

          !    XMC=2.

          !ELSE

          !    IF(XMC<1.)XMC=1.

          !END IF

          !AD1=AD1-QA(5)

          !DO J=5,2,-1

              !QA(J)=QA(J-1)

          !END DO

          !IF(QI1>0..AND.QI2>0.)QA(1)=LOG10(QI2/QI1)/LOG10(AI2/AI1)

          !AD1=AD1+QA(1)

          !XMC=AD1/5.

          CALL RTMCCEL(Q3,AO2,XMC,CLTY)

          TT=XL3/CLTY

          XX=Q3/((CHW+FPW)*CLTY*XLS)

          X0=.5*(1.-XX)

          X1=DTHY/TT

          ! CALCULATE M-C COEFS

          X2=2.*X0

          X3=1.-X0

          C0=X1+2.*X3

          C1=(X1+X2)/C0

          C2=(X1-X2)/C0

          C3=(2.*X3-X1)/C0

          ! CALCULATE OUTFLOW AT TIME 2.

          QO2=MAX(0.,C1*QI1+C2*QI2+C3*QO1)

          CALL HQDAV(AO2,CBW,QO2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          AI1=AI2

          AO1=AO2

          QMS(I)=QO2

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF

          IF(KFL(26)>0)WRITE(KW(26),18)TM,XMC,CLTY,TT,X0,C0,C1,C2,C3,&

          QI2,QO2

          TM=TM+DTHY

          SUM=SUM+QO2

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      RQRB(IDO)=QPK/CMS

      TC(IDO)=TPK

      IF(SUM>0.)THEN

          ! CORRECT OUTFLOW HYD VOL TO AGREE WITH INFLOW

          RTO=SMI/SUM

          TM=0.

          DO I=1,NHY(IDO)

              QMS(I)=QMS(I)*RTO

              TM=TM+DTHY

              IF(QMS(I)>=QPK)THEN

                  QPK=QMS(I)

                  TPK=TM

              END IF

              QAV=.25*(QMSI(I1)+QMSI(I)+QMS(I1)+QMS(I))

	          !IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	          DF=TOT+TDEG-TDEP-ADD

          END DO

          SUM=0.

          TM=0.

          I=0

          ! PLACE DAY 1 OUTFLOW INTO QHY(IHX(1)) 

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(1))=QMS(I)

              SUM=SUM+QHY(K,IDO,IHX(1))

              TM=TM+DTHY

          END DO

          ! COMPUTE OUTFLOW VOL

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

          HYDV(IDO)=SUM

          ! PLACE DAY 2/MHX OUTFLOW INTO QHY(IHX(J))

          DO J=2,MHX

              I=I-1

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QMS(I)

              END DO

              IF(I>NHY(IDO))EXIT

          END DO

	      RQRB(IDO)=QPK/CMS

	      TC(IDO)=TPK

	      TCAV(IDO)=TCAV(IDO)+TPK

	      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !NQRB(IDO)=NQRB(IDO)+1

          IF(TC(IDO)>TCMX(IDO))THEN

              TCMX(IDO)=TC(IDO)

          ELSE

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          END IF    

          IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	      IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	      NBCT(IDN2)=NBCT(IDN2)+NBCX

	      NBFT(IDN2)=NBFT(IDN2)+NBFX

      ELSE

          NHY(IDO)=0	      

	  END IF

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,5X,'Th',8X,'M',9X,'CLTYm/s',3X,'TTh',7X,'X0',8X,&

      'C0',8X,'C1',8X,'C2',8X,'C3',8x,'QIm3/s',4x,'QOm3/s')

    3 FORMAT(T10,'VOL=',F8.3,' mm',3X,'PEAK=',F8.3,' m3/s')

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',&

      F8.3,' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YIN= ',F8.3,' t/ha')    

    6 FORMAT(6X,2I4,20F10.3)

    7 FORMAT(//9X,'#',5X,'Th',8X,'RFmm',6X,'QIm3/s',4X,'Vm/s&

      ',6X,'TTh',7X,'C',9X,'QI+STm3/s',1X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',&

      5X,'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h'/T10,&

      'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',2X,'DEP= ',F8.3,' t/ha',&

      2X,'YO= ',F8.3,'t/ha')                                                                                                                                                                                                                        

   17 FORMAT(3I4,F10.3,F10.1,F10.4)

   18 FORMAT(6X,20F10.3)                                                                                                                     

      END      






src/RTM_CVC4.f90

      SUBROUTINE RTM_CVC4

!     THIS SUBPROGRAM ROUTES HYDROGRAPHS THROUGH A REACH USING THE 

!     MUSKINGUM-CUNGE METHOD WITH VARIABLE C WITH 4 POINT ITERATIVE 

!     SOLUTION

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1)

          WRITE(KW(26),1)

      END IF

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      SMI=0.

      NBCX=0

	  NBFX=0

	  QMS=0.

	  QMSI=0.

	  I=1

      DO J=1,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

      END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0)WRITE(KW(26),18)NIT,TM,ADD,ADD,ADD,ADD,ADD,ADD,&

          ADD,ADD,QMSI(L),QMS(L)

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      T1=XL3/.1

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      GS=.01

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      AI1=0.

      AO1=0.

      SUM=0.

      I=L

      IIX=I

      ! ROUTING LOOP

      DO 

          I1=I-1

          SMI=SMI+QMSI(I)                                                                         

          QI2=QMSI(I)                                                                         

          QO2=0.

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          Q3=QI1+QI2+QO1

          GS=MAX(.01,Q3/3.)

          A3=AI1+AI2+AO1

          QIA=MAX(.1,QI1+QI2)

          AIA=AI2+AI1

          ! SOLVE FOR QO2 USING NEWTONS METHOD       

          DO IT=1,10                                                                  

              FU=QO2-GS

              ! IF THE DIFFERENCE IN SUCCESIVE APPROXIMATIONS OF QO2 IS 

              ! ACCEPTABLE SOLUTION IS COMPLETE.  GO TO NEXT TIME STEP.                                                                                   

              IF(ABS(FU/GS)<=1.E-3)EXIT

              IF(IT>1)THEN

                  DF=FU-FU1

                  ! IF THE DIFFERENCE IN SUCCESSIVE APPROXIMATIONS OF THE

                  ! CONVERGENCE FUNCTION IS ACCEPTABLE SOLN COMPLETE. 

                  ! NEXT TIME STEP                                                                                        

                  IF(ABS(DF)<1.E-5)EXIT

                  DG=GS-GS1

                  ! IF THE DIFFERENCE IN SUCCESSIVE GUESSES IS ACCEPTABLE

                  ! SOLN IS COMPLETE

                  IF(ABS(DG)<1.E-5)EXIT                                                                      

                  DFDG=DF/DG

                  XDG=FU/DFDG

                  GS1=GS     

                  X1=ABS(XDG)

                  X2=.5*GS

                  IF(X1>X2)XDG=X2*X1/XDG                                                                    

                  GS=MAX(.01,GS-XDG)                                                                 

              ELSE

                  GS1=GS                                                            

                  GS=GS+.01*FU                                                                   

              END IF

              FU1=FU

              CALL HQDAV(AO2,CBW,GS,SSS,ZCH,ZO2,CHW,FPW,IDN2)

              QQQ=.25*(Q3+GS)

              AAA=.25*(A3+AO2)

              ! CALCULATE M (SLOPE OF Q/A)

              XMC=LOG10((QO1+GS)/QIA)/LOG10((AO1+AO2)/AIA)

              IF(XMC>2.)THEN

                  XMC=2.

              ELSE

                  IF(XMC<1.)XMC=1.

              END IF

              ! CALCULATE CELERITY

              CLTY=XMC*QQQ/AAA

              TT=RFPL(IDN2)/(3.6*CLTY)

              XX=QQQ/((CHW+FPW)*CLTY*XLS)

              X0=.5*(1.-XX)

              X1=DTHY/TT

              ! CALCULATE M-C COEFS

              X2=2.*X0

              X3=1.-X0

              C0=X1+2.*X3

              C1=(X1+X2)/C0

              C2=(X1-X2)/C0

              C3=(2.*X3-X1)/C0

              ! CALCULATE OUTFLOW AT TIME 2.

              QO2=MAX(0.,C1*QI1+C2*QI2+C3*QO1)

          END DO

          IF(IT>20)WRITE(KW(1),'(1X,A)')'MUSKINGUM 4 PT DID NOT CONVERGE'

          NIT=NIT+IT

          AI1=AI2

          AO1=AO2

          QMS(I)=QO2

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF

          IF(KFL(26)>0)WRITE(KW(26),18)IT,TM,XMC,CLTY,TT,X0,C0,C1,C2,C3,&

          QI2,QO2

          TM=TM+DTHY

          SUM=SUM+QO2

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      RQRB(IDO)=QPK/CMS

      TC(IDO)=TPK

      IF(SUM>0.)THEN

          ! CORRECT OUTFLOW HYD VOL TO AGREE WITH INFLOW

          RTO=SMI/SUM

          TM=0.

          DO I=1,NHY(IDO)

              QMS(I)=QMS(I)*RTO

              TM=TM+DTHY

              IF(QMS(I)>=QPK)THEN

                  QPK=QMS(I)

                  TPK=TM

              END IF

              QAV=.25*(QMSI(I1)+QMSI(I)+QMS(I1)+QMS(I))

	          !IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	          DF=TOT+TDEG-TDEP-ADD

          END DO

          SUM=0.

          TM=0.

          I=0

          ! PLACE DAY 1 OUTFLOW INTO QHY(IHX(1)) 

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(1))=QMS(I)

              SUM=SUM+QHY(K,IDO,IHX(1))

              TM=TM+DTHY

          END DO

          ! COMPUTE OUTFLOW VOL

          SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

          HYDV(IDO)=SUM

          ! PLACE DAY 2/MHX OUTFLOW INTO QHY(IHX(J))

          DO J=2,MHX

              I=I-1

              DO K=1,NPD

                  I=I+1

                  QHY(K,IDO,IHX(J))=QMS(I)

              END DO

              IF(I>NHY(IDO))EXIT

          END DO

	      RQRB(IDO)=QPK/CMS

	      TC(IDO)=TPK

	      TCAV(IDO)=TCAV(IDO)+TPK

	      !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

          !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

          !NQRB(IDO)=NQRB(IDO)+1

          IF(TC(IDO)>TCMX(IDO))THEN

              TCMX(IDO)=TC(IDO)

          ELSE

              IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

          END IF    

          XO=NHY(IDO)-IIX

          XIT=NIT

          XO=XIT/XO

          IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	      IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	      NBCT(IDN2)=NBCT(IDN2)+NBCX

	      NBFT(IDN2)=NBFT(IDN2)+NBFX

      ELSE

          NHY(IDO)=0	      

	  END IF

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,'IT',5X,'Th',8X,'M',9X,'CLTYm/s',3X,'TTh',7X,'X0',8X,&

      'C0',8X,'C1',8X,'C2',8X,'C3',8x,'QIm3/s',4x,'QOm3/s')

    3 FORMAT(T10,'VOL=',F8.3,' mm',3X,'PEAK=',F8.3,' m3/s')

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',&

      F8.3,' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YIN= ',F8.3,' t/ha')    

    6 FORMAT(6X,2I4,20F10.3)

    7 FORMAT(//9X,'#  IT',5X,'Th',8X,'RFmm',6X,'QIm3/s',4X,'Vm/s&

      ',6X,'TTh',7X,'C',9X,'QI+STm3/s',1X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',&

      5X,'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',&

      2X,'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')                                                                                                                                                                                                                        

   17 FORMAT(3I4,F10.3,F10.1,F10.4)

   18 FORMAT(6X,I4,20F10.3)                                                                                                                     

      END      






src/RTSED.f90

      SUBROUTINE RTSED

!     APEX1501

!     THIS SUBPROGRAM ROUTES SEDIMENT THRU A REACH USING A DAILY TIME

!     STEP. POTENTIAL SEDIMENT CONC IS ESTIMATED AS A FUNCTION OF

!     VELOCITY. NET DEPOSITION OR DEGRADATION MAY RESULT DEPENDING ON

!     CONC OF REACH INFLOW, VEGETATIVE COVER, AND CHANNEL ERODIBILITY.

      USE PARM 

      LD1=LID(1,IDN2)

      DEPC(IDN2)=0.

      WSAX=RWSA(IDN1)

	  WSAX1=10.*WSAX

	  WSA2=WSA(IDN2)

	  Q1M3=WYLD(IDN1)

	  Q1MM=Q1M3/WSAX1

	  Q2MM=Q1MM

      Q2M3=Q1M3

	  Y1T=YSD(NDRV,IDN1)

      VARH(33,IDO)=Q1M3/86400.

	  SMMH(33,MO,IDO)=SMMH(33,MO,IDO)+VARH(33,IDO)

	  VARH(1,IDO)=QVOL(IDN1)/86400.

	  SMMH(1,MO,IDO)=SMMH(1,MO,IDO)+VARH(1,IDO)

	  VARH(5,IDO)=Y1T

	  SMMH(5,MO,IDO)=SMMH(5,MO,IDO)+VARH(5,IDO)

	  VARH(8,IDO)=YN(IDN1)

	  SMMH(8,MO,IDO)=SMMH(8,MO,IDO)+YN(IDN1)

	  VARH(10,IDO)=YP(IDN1)	

	  SMMH(10,MO,IDO)=SMMH(10,MO,IDO)+VARH(10,IDO)

      SMMH(15,MO,IDN1)=SMMH(15,MO,IDN1)+SST(IDN1)

      YU1=YMNU(IDN1)

      RSM1=RSDM(LD1,IDN2)

      RSMC=.1*RSM1*RCHL(IDN2)*RCTW(IDN2)/WSA2

      RSMF=.1*RSM1*RFPL(IDN2)*RFPW(IDN2)/WSA2

      ADD=0.

      TOT=0.

      DO J=1,12

          TOT=TOT+STDP(J,IDN2)

          ADD=ADD+UP1(J,IDN2)

      END DO

      TP1=WSA2*(WPML(LD1,IDN2)+WPO(LD1,IDN2)+WPOU(LD1,IDN2)+TOT+&

      STDOP(IDN2)+ADD)

      !AD1=0.

      !DO I=1,NBSL(IDN2)

          !ISL=LID(I,IDN2)

          !AD1=AD1+PSTZ(1,ISL,IDN2)

      !END DO

      AD1=WSA2*(WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2))

      TOT1=WSA2*(WBMC(LD1,IDN2)+WHSC(LD1,IDN2)+WHPC(LD1,IDN2)+WLSC(LD1,IDN2)+WLMC(LD1,IDN2))

      !TOT1=WNOU(LD1,IDN2)+WNO3(LD1,IDN2)+WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+&

      !WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2)

      !ADI=WPOU(LD1,IDN2)+WPMU(LD1,IDN2)

	  YC(IDN1)=MAX(0.,YC(IDN1)-YCOU(IDN1))

      YN(IDN1)=MAX(0.,YN(IDN1)-YNOU(IDN1))

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      CIN=Y1T/Q1M3+1.E-10

	  VARH(7,IDN2)=1.E6*CIN

	  CUN=YU1/Q1M3

      IF(YU1<.01)THEN

          RTNU=0.

          RTCU=0.

          RTPU=0.

      ELSE

          RTCU=YCOU(IDN1)/YU1

          RTNU=YNOU(IDN1)/YU1

          RTPU=YPOU(IDN1)/YU1

      END IF

      X4=WSAX/(360.*(DUR+TC(IDN1)))

      QAV=Q1MM*X4  ! m3/s

      XMNU=0.

      XNOU=0.

      XCOU=0.

      XPOU=0.

      DEP=0.

      DEG=0.

      CYFP=0.

      QFP=0.

      QO=0.

      Y2T=0.

      CYCH=0.

      WSU=0.

      IF(FFPQ(IDN2)>0.)THEN

          ! BUFFER

          QFP=QAV*FFPQ(IDN2)

          QQ=QAV-QFP

          FPV=Q1M3*FFPQ(IDN2) ! m3

      ELSE

          ! NORMAL SA

          IF(QCAP(IDN2)>=QAV)GO TO 1

          QQ=QCAP(IDN2)

          QFP=QAV-QCAP(IDN2)

          FPV=QFP/X4 ! m3

      END IF

      ! CALCULATE FLOOD PLAIN HYDRAULICS

      DFP=(QFP/RFPX(IDN2))**.6

      VFP=QFP/(DFP*RFPW(IDN2))

      X1=QFP*VFP

      CYFP=PRMT(19)*VFP**PRMT(18)

      SMM(79,MO,IDN2)=SMM(79,MO,IDN2)+QFP

      VAR(79,IDN2)=QFP

      VFPA(IDN2)=VFPA(IDN2)+VFP

      IF(VFP>VFPB(IDN2))VFPB(IDN2)=VFP

      NBFF(IDN2)=NBFF(IDN2)+1

      WSU=.1*RFPW(IDN2)*RFPL(IDN2)

      TRT=RFPL(IDN2)/(3.6*VFP)

      IF(LUN(IDN2)/=35)THEN

          ! NORMAL SA

          IF(FFPQ(IDN2)>0.)THEN

              ! BUFFER

              XX=FPSC(IDN2)

              FPVMM=.1*FPV/WSU

              CALL HFPF(FPVMM,TRT,XX,Q2MM)

              FPF(IDN2)=FPVMM-Q2MM

          ELSE

              ! NORMAL SA

              XX=MIN(SATC(LID(2,IDN2),IDN2),FPSC(IDN2))

              FPVMM=.1*FPV/WSA2

              FPF(IDN2)=MIN(FPVMM,XX*TRT)

          END IF

          ! FP INFILTRATION ADDED TO TOP SOIL LAYER

          X2=MIN(Q2M3,10.*FPF(IDN2)*WSU) ! m3

          FPF(IDN2)=.1*X2/WSA2 ! mm

          SWST(LD1,IDN2)=SWST(LD1,IDN2)+FPF(IDN2)

          QO=MAX(0.,FPV-X2) ! m3

          Q2M3=Q2M3-X2

          SMM(98,MO,IDN2)=SMM(98,MO,IDN2)+FPF(IDN2)

	      VARH(4,IDO)=WSAX1*FPF(IDN2)/86400.

	      SMMH(4,MO,IDO)=SMMH(4,MO,IDO)+FPF(IDN2)

      ELSE

          ! IMPERVIOUS SA

          FPF(IDN2)=0.

      END IF    

      IF(QO>0.)THEN

          ! COMPUTE FP DEGRADATION OR DEPOSITION

          X7=PRMT(45)*TRT*PSZM(IDN1)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF   

          X5=(CYFP*QO-CIN*FPV)*F

          IF(X5>0.)THEN

              DEG=EK(IDN2)*CVF(IDN2)*X5

          ELSE

              DEP=-X5

          END IF

          GO TO 11

      END IF

      ! 0 OUTFLOW

      DEP=CIN*FPV ! t

      DPU=CUN*FPV ! t

      XMNU=XMNU-DPU

      XNOU=XNOU-YNOU(IDN1)

      XCOU=XCOU-YCOU(IDN1)

      XPOU=XPOU-YPOU(IDN1)

      ! IF(XNOU>0.)WRITE(KW(1),42)IDN2,NBSA(IDN2),IY,MO,KDA,YNOU(IDN1),

      ! 1XNOU

      GO TO 34

      ! FLOW CONTAINED IN CHANNEL

    1 X1=0.

      QQ=QAV ! m3

      GO TO 34

      ! MANURE EROSION

   11 X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF

      X5=(CYFP*QO-CUN*FPV)*F

      IF(X5>0.)GO TO 32

      DGU=X5

      RTOC=RTCU

      RTON=RTNU

      RTOP=RTPU

      GO TO 33

   32 IF(RSMF<.1)GO TO 34

      DGU=MIN(.9*RSMF,.5*CVF(IDN2)*X5)

      RTON=WNOU(LD1,IDN2)/RSM1

      RTOP=WPOU(LD1,IDN2)/RSM1

      RTOC=WCOU(LD1,IDN2)/RSM1

   33 XMNU=XMNU+DGU

      XNOU=XNOU+DGU*RTON/WSAX

      XCOU=XCOU+DGU*RTOC/WSAX

      XPOU=XPOU+DGU*RTOP/WSAX

   34 IF(QQ<1.E-5)THEN

          ! 0 CHANNEL FLOW

          VCH=0.

          IF(DEP<=1.E-10.AND.DEG<1.E-10)DEP=Y1T

          GO TO 10

      END IF

      ! CALCULATE CHANNEL HYDRAULICS

      DCH=MAX(.1,ZCH*LOG10(QQ+1.)/LOG10(QCAP(IDN2)+1.))

      X3=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      DO IT=1,10

          A=DCH*(CBW+DCH*RCSS(IDN2))

          P=CBW+2.*X3*DCH

          Q=A**1.66667*RCHX(IDN2)/P**.66667

          FU=Q-QQ

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.01)EXIT

          R=A/P

          DFDD=RCHX(IDN2)*(1.6667*R**.6667*(CBW+2.*DCH*RCSS(IDN2))-1.333&

          *R**1.66667*X3)

          DCH=DCH-FU/DFDD

      END DO

      IF(IT>10)WRITE(KW(1),16)IDN2,NBSA(IDN2),IYR,MO,KDA,QQ,Q,DFDD,DCH,ZCH

      VCH=QQ/A

      TRT=RCHL(IDN2)/(3.6*VCH)

      CYCH=PRMT(19)*VCH**PRMT(18)

      VCHA(IDN2)=VCHA(IDN2)+VCH

      IF(VCH>VCHB(IDN2))VCHB(IDN2)=VCH

      NBCF(IDN2)=NBCF(IDN2)+1

      CHV=QQ/X4 ! m3

      ! CALCULATE CH DEGRADATION OR DEPOSITION  

      X7=PRMT(45)*TRT*PSZM(IDN1)

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      X5=(CYCH-CIN)*CHV

      IF(X5>0.)THEN

          X5=RCHK(IDN2)*X5

          DEG=DEG+X5

      ELSE

          DEP=DEP-X5*F

          DPMT(IDN2)=DPMT(IDN2)-X5

          ZCH=ZCH+.1*X5/BD(LD1,IDN2)

      END IF

      ! CALCULATE CH MANURE EROSION

      X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      X5=(CYCH-CUN)*CHV

      IF(X5>0.)THEN

          IF(RSMC<.1)GO TO 41

          DGU=MIN(.9*RSMC,.5*RCHC(IDN2)*X5)

          RTON=WNOU(LD1,IDN2)/RSM1

          RTOP=WPOU(LD1,IDN2)/RSM1

          RTOC=WCOU(LD1,IDN2)/RSM1

      ELSE

          DGU=X5*F

          RTOC=RTCU

          RTON=RTNU

          RTOP=RTPU

      END IF   

      XMNU=XMNU+DGU

      XNOU=XNOU+DGU*RTON/WSAX

      XCOU=XCOU+DGU*RTOC/WSAX

      XPOU=XPOU+DGU*RTOP/WSAX

   41 DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          IF(ZCH<Z(ISL,IDN2))EXIT

      END DO

      ! CHANGE CH DEPTH CAUSED BY DEP/DEG 

      ZCH=ZCH+.1*X5/BD(ISL,IDN2)

      ! CALCULATE PEAK FLOW RATE OF OUTFLOW

   10 VAV=MAX(.1,(X1+VCH*QQ)/QAV)

      TRT=RCHL(IDN2)/(3.6*VAV)

      TC(IDO)=TC(IDN1)+TRT

      TCAV(IDO)=TCAV(IDO)+TC(IDO)

      ALTC=1.-EXP(-TC(IDO)*PRFF)

      RQRB(IDO)=ALTC*Q1MM/TC(IDO) ! mm/h

      PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      ! CALCULATE OUTFLOW SEDIMENT LOAD

      Y2T=MAX(0.,Y1T-DEP) ! t

      Y2T=Y2T+DEG

      !XX=10.*(CYCH*Q3+CYFP*QO)

      !IF(XX<Y1)Y2=(.5*Y1+XX)/1.5

      ! RECOMPUTE DEP/DEG

      IF(Y1T>Y2T)THEN

          DEP=Y1T-Y2T

          DEG=0.

      ELSE

          DEP=0.

          DEG=Y2T-Y1T

      END IF      

      SRCH(14,IDO)=SRCH(14,IDO)+DEG ! t

      SRCH(13,IDO)=SRCH(13,IDO)+DEP ! t

	  SDEP=SDEP+DEP

	  SDEG=SDEG+DEG

      ! COMPUTE EVAPORATION FROM FLOW

	  EVRT(IDN2)=MIN(Q2M3,10.*PRMT(91)*EO*WSU) ! m3

	  SMM(147,MO,IDN2)=SMM(147,MO,IDN2)+EVRT(IDN2)

      VAR(147,IDN2)=EVRT(IDN2)

	  VARH(3,IDO)=EVRT(IDN2)/86400.

	  SMMH(3,MO,IDO)=SMMH(3,MO,IDO)+VARH(3,IDO)

	  Q2M3=Q2M3-EVRT(IDN2)

      RSM1=WSA2*RSM1

      IF(Q2M3<1.E-10)Y2T=0.

      ! RECALCULATE MANURE EROSION

	  IF(RSM1>YU1)THEN

          X2=YU1

	  ELSE

	      X2=RSM1

	  END IF 

      X1=X2-XMNU

	  IF(X1<0.)XMNU=-X2

      YU2=YU1+XMNU

	  RSDM(LD1,IDN2)=(RSM1+YU1-YU2)/WSA2

	  ZZ=WLS(LD1,IDN2)+WLM(LD1,IDN2)

      RTO=WLS(LD1,IDN2)/(ZZ*WSA2)

      WLS(LD1,IDN2)=MAX(0.,WLS(LD1,IDN2)-RTO*XMNU)

      WLM(LD1,IDN2)=WLM(LD1,IDN2)-XMNU*(1.-RTO)

      WNOU(LD1,IDN2)=MAX(0.,WNOU(LD1,IDN2)-XNOU)

      WCOU(LD1,IDN2)=MAX(0.,WCOU(LD1,IDN2)-XCOU)

      WPOU(LD1,IDN2)=MAX(0.,WPOU(LD1,IDN2)-XPOU)

      TOT=0.

      ! COMPUTE DELIVERY RATIO

      DRTO=MIN(1.,Y2T/(Y1T+1.E-10))

	  DRTO=MAX(1.E-5,DRTO)

      DRAV(IDO)=DRAV(IDO)+DRTO

      B1=LOG(DRTO)/4.47

      ! CALCULATE PARTICLE SIZE DISTRIBUTION OF OUTFLOW SEDIMENT

      DO I=1,NSZ

	      PCTH(I,IDO)=PCT(I,IDN1)

          X1=MAX(-10.,B1*PSZY(I))

          PCT(I,IDO)=PCT(I,IDN1)*EXP(X1)

          TOT=TOT+PCT(I,IDO)

      END DO

      PSZM(IDO)=0.

      DO I=1,NSZ

          PCT(I,IDO)=PCT(I,IDO)/(TOT+1.E-10)

          PSZM(IDO)=PSZM(IDO)+PSZY(I)*PCT(I,IDO)

      END DO

      ! COMPUTE ENRICHMENT RATIO FOR N & P

      IF(IERT==0)THEN

          B2=LOG10(DRTO)/2.699

          B1=1./.1**B2

          ERTO=MIN(3.5,B1*CIN**B2)

          IF(ERTO<1.)THEN

              ERTO=1.

              ERTP=1.

          END IF  

          ERTP=ERTO

      ELSE

          ERTO=MIN(3.5,PRMT(54)/CIN**PRMT(55))

          ERTP=MIN(3.5,PRMT(57)/CIN**PRMT(58))

      END IF

      ERAV(IDO)=ERAV(IDO)+ERTO

	  YNOU(IDO)=MAX(0.,YNOU(IDN1)+XNOU)

      YCOU(IDO)=MAX(0.,YCOU(IDN1)+XCOU)

	  RTO=MIN(ERTO*Y2T/(Y1T+1.E-10),1.)

      YN(IDO)=MAX(0.,YN(IDN1)*RTO)

      YC(IDO)=MAX(0.,YC(IDN1)*RTO)

      YN(IDO)=YN(IDO)+YNOU(IDO)

      X3=YN(IDN1)+YNOU(IDN1)-YN(IDO)

      X1=1.+X3/AD1

      WBMN(LD1,IDN2)=WBMN(LD1,IDN2)*X1

      WHSN(LD1,IDN2)=WHSN(LD1,IDN2)*X1

      WHPN(LD1,IDN2)=WHPN(LD1,IDN2)*X1

      WLSN(LD1,IDN2)=WLSN(LD1,IDN2)*X1

      WLMN(LD1,IDN2)=MAX(0.,WLMN(LD1,IDN2)*X1)

      X2=X2-XNOU

      SMM(91,MO,IDN2)=SMM(91,MO,IDN2)+X2

      VAR(91,IDN2)=X2

      YC(IDO)=YC(IDO)+YCOU(IDO)

      X3=YC(IDN1)+YCOU(IDN1)-YC(IDO)

      SMM(102,MO,IDN2)=SMM(102,MO,IDN2)+X3

      VAR(102,IDN2)=X3

      DEPC(IDN2)=X3

      !X2=YC(IDN1)-YC(IDO)

      X1=1.+X3/TOT1

      WBMC(LD1,IDN2)=WBMC(LD1,IDN2)*X1

      WHSC(LD1,IDN2)=WHSC(LD1,IDN2)*X1

      WHPC(LD1,IDN2)=WHPC(LD1,IDN2)*X1

      WLSC(LD1,IDN2)=WLSC(LD1,IDN2)*X1

      WLMC(LD1,IDN2)=WLMC(LD1,IDN2)*X1

      X4=MIN(1.,WLMC(LD1,IDN2)/(WLMC(LD1,IDN2)+WLSC(LD1,IDN2)))

      !WLMC(LD1,IDN2)=WLMC(LD1,IDN2)-X4*XCOU

      !WLSC(LD1,IDN2)=MAX(0.,WLSC(LD1,IDN2)-XCOU*(1.-X4))

      YPOU(IDO)=MAX(0.,YPOU(IDN1)+XPOU)

      YP(IDO)=MAX(0.,YP(IDN1)*RTO)

      YPM(IDO)=MAX(0.,YPM(IDN1)*RTO)

      X2=(YP(IDN1)-YP(IDO))/WSA2

      WPO(LD1,IDN2)=WPO(LD1,IDN2)+X2

      X2=X2-XPOU

      SMM(92,MO,IDN2)=SMM(92,MO,IDN2)+X2

      VAR(92,IDN2)=X2

      YSD(NDRV,IDO)=Y2T

      YMNU(IDO)=MAX(0.,YU2)

      ! CALCULATE WATER YIELD COMPONENTS OF OUTFLOW

	  QQ=Q2M3/Q1M3

	  QVOL(IDO)=QVOL(IDN1)*QQ

	  RSSF(IDO)=RSSF(IDN1)*QQ

	  QDR(IDO)=QDR(IDN1)*QQ

	  QRF(IDO)=QRF(IDN1)*QQ

	  CPVH(IDO)=CPVH(IDN1)*QQ

	  WYLD(IDO)=Q2M3

      X1=.1*Q2M3/(WSAX+WSA2)

      ! CALCULATE SOLUBLE N LOSS COMPONENTS

	  RSFN(IDO)=RSFN(IDN1)*QQ

	  QRFN(IDO)=QRFN(IDN1)*QQ

	  TSFN(IDO)=TSFN(IDN1)*QQ

	  QDRN(IDO)=QDRN(IDN1)*QQ

	  QDRP(IDO)=QDRP(IDN1)*QQ

      XX=1.-QQ

      ! CALCULATE SOLUBLE C COMPONENTS OF OUTFLOW

      X2=QC(IDN1)*XX

      QC(IDO)=QC(IDN1)-X2

      SMM(102,MO,IDN2)=SMM(102,MO,IDN2)+X2

      VAR(102,IDN2)=VAR(102,IDN2)+X2

      ! COMPUTE SOLUBLE C DEPOSITION AND ADD TO TOP SOIL LAYER

      DEPC(IDN2)=DEPC(IDN2)+X2

      X2=X2/WSA2

      WBMC(LD1,IDN2)=WBMC(LD1,IDN2)+X2

      WCMU(LD1,IDN2)=WCMU(LD1,IDN2)+X2

      ! COMPUTE SOLUBLE N DEPOSITION AND ADD TO TOP SOIL LAYER

      X2=QN(IDN1)*XX

      QN(IDO)=QN(IDN1)-X2

      SMM(91,MO,IDN2)=SMM(91,MO,IDN2)+X2

      VAR(91,IDN2)=VAR(91,IDN2)+X2

      WNO3(LD1,IDN2)=WNO3(LD1,IDN2)+X2/WSA2

      SMQN(IDO)=QN(IDO)+RSFN(IDO)+QRFN(IDO)+QDRN(IDO)

      ! COMPUTE SOLUBLE P DEPOSITION AND ADD TO TOP SOIL LAYER

      X2=QP(IDN1)*XX

      QP(IDO)=QP(IDN1)-X2

      WPML(LD1,IDN2)=WPML(LD1,IDN2)+X2/WSA2

	  SMM(92,MO,IDN2)=SMM(92,MO,IDN2)+X2

      VAR(92,IDN2)=VAR(92,IDN2)+X2

      !ADF=WPOU(LD1,IDN2)+WPMU(LD1,IDN2)

      !DPPX=ADI-ADF

      !DF=DPPX+YPOU(IDN1)-YPOU(IDO)+QPU(IDN1)-QPU(IDO)

      !IF(ABS(DF)>.001.OR.ABS(DPPX-VAR(92,IDN2))>.001)WRITE(KW(1),'(A,5I4,10E13.5)')&

      !' ?????',IDN2,NBSA(IDN2),IY,MO,KDA,YPOU(IDN1),YPOU(IDO),QPU(IDN1),&

      !QPU(IDO),VAR(92,IDN2),DPPX,ADI,ADF,DF

      !TOT2=WNOU(LD1,IDN2)+WNO3(LD1,IDN2)+WBMN(LD1,IDN2)+WHSN(LD1,IDN2)+&

      !WHPN(LD1,IDN2)+WLSN(LD1,IDN2)+WLMN(LD1,IDN2)

      !TOT2=WSA2*(WBMC(LD1,IDN2)+WHSC(LD1,IDN2)+WHPC(LD1,IDN2)+WLSC(LD1,IDN2)+WLMC(LD1,IDN2))

      !DF=TOT1-TOT2+VYC(IDN1)-YC(IDO)+QC(IDN1)-QC(IDO)

      !IF(ABS(DF)>.01)WRITE(KW(1),'(A,5I4,20E13.5)')' !!!!!',IDN2,NBSA(IDN2),&

      !IY,MO,KDA,VYC(IDN1),YC(IDO),YCOU(IDN1),YCOU(IDO),QC(IDN1),QC(IDO),&

      !DEPC(IDN2),TOT1,TOT2,DF

      !DF=TOT1-TOT2+YN(IDN1)-YN(IDO)+QN(IDN1)-QN(IDO)+YNOU(IDN1)-YNOU(IDO)

      !IF(ABS(DF)>.01)WRITE(KW(1),'(A,5I4,20E13.5)')' !!!!!',IDN2,NBSA(IDN2),&

      !IY,MO,KDA,YN(IDN1),YN(IDO),YNOU(IDN1),YNOU(IDO),QN(IDN1),QN(IDO),&

      !TOT1,TOT2,DF

	  SP1=0.

	  SP2=0.

	  SP3=0.

	  SP4=0.

	  AD4=0.

	  DO K=1,NDP !PESTICIDE LOOP

	      TOT=0.

	      AD3=0.

	      X1=WSAX*QPST(K,IDN1)

          AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  QPST(K,IDO)=X2/WSAX

		  X1=WSAX*TSPS(K,IDN1)

		  AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  TSPS(K,IDO)=X2/WSAX

		  X1=WSAX*RSPS(K,IDN1)

		  AD3=AD3+X1

	      X2=QQ*X1

	      TOT=TOT+X1-X2

		  RSPS(K,IDO)=X2/WSAX

	      X3=TOT/WSA2

	      AD4=AD4+X3

		  PSTZ(K,LD1,IDN2)=PSTZ(K,LD1,IDN2)+X3

		  VARP(2,K,IDO)=QPST(K,IDO)

          SMMP(2,K,MO,IDO)=SMMP(2,K,MO,IDO)+QPST(K,IDO)

          VARP(4,K,IDO)=TSPS(K,IDO)

          SMMP(4,K,MO,IDO)=SMMP(4,K,MO,IDO)+TSPS(K,IDO)

          X1=WSAX*YPST(K,IDN1)

          AD3=AD3+X1

	      X2=X1*RTO

	      X3=(X1-X2)/WSA2

	      PSTZ(K,LD1,IDN2)=PSTZ(K,LD1,IDN2)+X3

	      AD3=AD3/WSA2

	      SMMP(13,K,MO,IDOA(IDN2))=SMMP(13,K,MO,IDOA(IDN2))+AD3

		  YPST(K,IDO)=X2/WSAX

          VARP(5,K,IDO)=YPST(K,IDO)

          SMMP(5,K,MO,IDO)=SMMP(5,K,MO,IDO)+YPST(K,IDO)

          VARP(11,K,IDO)=RSPS(K,IDO)

          SMMP(11,K,MO,IDO)=SMMP(11,K,MO,IDO)+RSPS(K,IDO)

          SP1=SP1+QPST(K,IDN1)

	      SP2=SP2+QPST(K,IDO)

	      SP3=SP3+YPST(K,IDN1)

          SP4=SP4+YPST(K,IDO)

      END DO ! PESTICIDE LOOP

      ADD=0.

      TOT=0.

      DO J=1,12

          TOT=TOT+STDP(J,IDN2)

          ADD=ADD+UP1(J,IDN2)

      END DO

      TP2=WSA2*(WPML(LD1,IDN2)+WPO(LD1,IDN2)+WPOU(LD1,IDN2)+TOT+&

      STDOP(IDN2)+ADD)

      DF=TP1+YP(IDN1)-YP(IDO)+QP(IDN1)-QP(IDO)-TP2

      IF(ABS(DF)>1.)WRITE(KW(1),20)IY,MO,KDA,YP(IDN1),YP(IDO),QP(IDN1),QP(IDO),&

      TP1,TP2,DF

      !AD2=0.

      !DO I=1,NBSL(IDN2)

          !ISL=LID(I,IDN2)

          !AD2=AD2+PSTZ(1,ISL,IDN2)

      !END DO

      !DF=AD1+(WSAX*(QPST(1,IDN1)+TSPS(1,IDN1)+RSPS(1,IDN1)+YPST(1,&

      !IDN1))-RWSA2*(QPST(1,IDO)+TSPS(1,IDO)+RSPS(1,IDO)+YPST(1,&

      !IDO)))/WSA2-AD2

      !IF(ABS(DF)>.001)WRITE(KW(1),20)IY,MO,KDA,AD1,QPST(1,IDN1),TSPS(1,&

      !IDN1),RSPS(1,IDN1),YPST(1,IDN1),QPST(1,IDO),TSPS(1,IDO),RSPS(1,&

      !IDO),YPST(1,IDO),AD2,DF

   	  VARH(34,IDO)=Q2M3

	  SMMH(34,MO,IDO)=SMMH(34,MO,IDO)+Q2M3

      VARH(35,IDO)=Q2M3/86400.

	  SMMH(35,MO,IDO)=SMMH(35,MO,IDO)+VARH(35,IDO)

      VARH(2,IDO)=QVOL(IDO)/86400.

	  SMMH(2,MO,IDO)=SMMH(2,MO,IDO)+VARH(2,IDO)

	  VARH(6,IDO)=Y2T

	  SMMH(6,MO,IDO)=SMMH(6,MO,IDO)+VARH(6,IDO)

	  VARH(9,IDO)=YN(IDO)

	  SMMH(9,MO,IDO)=SMMH(9,MO,IDO)+YN(IDO)

	  VARH(11,IDO)=YP(IDO)+YPOU(IDO)

	  SMMH(11,MO,IDO)=SMMH(11,MO,IDO)+VARH(11,IDO)

	  VARH(12,IDO)=SMQN(IDN1)

	  SMMH(12,MO,IDO)=SMMH(12,MO,IDO)+SMQN(IDN1)

	  VARH(13,IDO)=QN(IDO)    !SMQN(IDO)

	  SMMH(13,MO,IDO)=SMMH(13,MO,IDO)+QN(IDO)    !SMQN(IDO)

	  VARH(18,IDO)=QP(IDN1)

	  SMMH(18,MO,IDO)=SMMH(18,MO,IDO)+VARH(18,IDO)

	  VARH(19,IDO)=QP(IDO)

	  SMMH(19,MO,IDO)=SMMH(19,MO,IDO)+VARH(19,IDO)

	  VARH(26,IDO)=WSAX*SP1

	  SMMH(26,MO,IDO)=SMMH(26,MO,IDO)+VARH(26,IDO)

	  VARH(27,IDO)=WSAX*SP2

	  SMMH(27,MO,IDO)=SMMH(27,MO,IDO)+VARH(27,IDO)

	  VARH(28,IDO)=WSAX*SP3

	  SMMH(28,MO,IDO)=SMMH(28,MO,IDO)+VARH(28,IDO)

	  VARH(29,IDO)=WSAX*SP4

	  SMMH(29,MO,IDO)=SMMH(29,MO,IDO)+VARH(29,IDO)

	  VARH(32,IDO)=WSAX*(SP3-SP4)	

      SMMH(32,MO,IDO)=SMMH(32,MO,IDO)+VARH(32,IDO)

      RETURN

   16 FORMAT(1X,'_______________RTSED DCH XCONV______________',&

      2I8,1X,3I4,5E13.5)

   20 FORMAT(1X,'!!!!!',3I4,20E13.5)     

      END






src/RTSVS.f90

      SUBROUTINE RTSVS                                                               

!     THIS SUBPROGRAM ROUTES A HYDROGRAPH THROUGH A REACH WITH THE                   

!     SVS METHOD OF FLOOD ROUTING.THIS METHOD ACCOUNTS FOR THE                   

!     VARIATION IN WATER SURFACE SLOPE.

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1),STY(IDN1)

          WRITE(KW(26),1)

      END IF

!     ROUTE THROUGH THE REACH

      QMSI=0.

      QMS=0.

      TOT=0.

      ADD=0.

      TM=0.

      STVSC=0.

      QPK=0.

      TPK=0.

      NBCX=0

	  NBFX=0

	  I=1

	  DO J=1,MHX

	      I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

	  END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      ADI=0.

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)NIT,TM,TOT,TOT,TOT,TOT,&

          TOT,TOT,TOT

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      XLT=XL3/DTHY

      V=.1 

      T1=XL3/V                                                                                                                                                                                                   

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      ADO=0.

      !     ROUTE UNTIL OUTFLOW IS GREATER THAN 0.                                                                                

      DO I=L,NHY(IDN1)

          I1=I-1                                                                    

          QI2=QMSI(I)                                                                    

          ADI=ADI+QI2

          AVIN=(QI2+QI1)/2.                                             

          SIA=STVSC+AVIN                                                                                                                               

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          DD=SQRT((XLS+ZI)/XLS)                                                          

          XFLO=QI2/DD

          CALL HQDAV(AII,CBW,XFLO,SSS,ZCH,ZII,CHW,FPW,IDN2)                                                            

          SMO=2.*ADI-QI2                                                         

          XFLO=SMO-XLT*AII

!         O2 = SUM OF INFLOW - STORAGE                                                                         

          IF(XFLO>0.)EXIT

          QMS(I)=0.

          ZOO=0.                                                                         

          AOO=0.

          V=.5*QI2/AII                                                                                                                                    

          TT=XL3/V

          QI1=QI2 

          STVSC=SIA                                                               

          TM=TM+DTHY

          WRITE(KW(1),6)NIT,TM,ZII,ZOO,AII,AOO,V,TT,QI2,QO2                                                    

      END DO                                                                  

      TOT=0.                                                                         

      ISM=I

      ! TIME STEP LOOP

      DO 

          I1=I-1

          QI2=QMSI(I)

          AVIN=(QI2+QI1)/2.                                             

          SIA=STVSC+AVIN

          G1=(QI1+QI2+QO1)/3.

          G10=G1

          GB=MAX(QI1,QI2,QO1)

          GL=0.

          ! COMPUTE NORMAL INFLOW

          CALL HQDAV(AI2,CBW,QI2,SSS,ZCH,ZI2,CHW,FPW,IDN2)

          XX=(XLS+ZI2)/XLS

          DD=SQRT(XX)

          FLOI=QI2/DD

          CALL HQDAV(AII,CBW,FLOI,SSS,ZCH,ZII,CHW,FPW,IDN2)

          XFLO=SMO-XLT*AII

          IF(XFLO>0.)THEN     

              ! SOLVE FOR O2 USING HALF INTERVAL METHOD       

              DO IT=1,20

                  ! COMPUTE NORMAL OUTFLOW

                  CALL HQDAV(AO2,CBW,G1,SSS,ZCH,ZO2,CHW,FPW,IDN2)                                                            

                  XX=MAX(.75,(XLS+ZI2-ZO2)/XLS)

                  ! COMPUTE WATER SURFACE SLOPE

                  DD=SQRT(XX)

                  FLOI=QI2/DD

                  CALL HQDAV(AII,CBW,FLOI,SSS,ZCH,ZII,CHW,FPW,IDN2)                                                            

                  FLOO=G1/DD

                  CALL HQDAV(AOO,CBW,FLOO,SSS,ZCH,ZOO,CHW,FPW,IDN2)

                  Q1=SMO-XLT*(AII+AOO)

                  GQ=Q1-G1                                                                       

                  IF(ABS(GQ/(1.+G1))<.001)EXIT

                  IF(GQ>0.)THEN

                      GL=G1

                  ELSE

                      GB=G1

                  END IF

                  G1=.5*(GB+GL)

                  IF(ABS((GB-GL)/GB)<1.E-5)EXIT                                                                      

              END DO

              QO2=G1

          ELSE

              IT=99

              QO2=G10

              CALL HQDAV(AOO,CBW,QO2,SSS,ZCH,ZOO,CHW,FPW,IDN2)

          END IF    

          NIT=NIT+IT

          ADO=ADO+QO2

          V=(QI2+QO2)/(AII+AOO)                                                                                                                                    

          T2=XL3/V

          TT=.5*(T1+T2) 

          CVSC=MIN(.99,2.*DTHY/(2.*TT+DTHY))                                                                                                            

          O2=CVSC*SIA

          IF(IT>20)QO2=O2

          QMS(I)=QO2 

          STVSC=SIA-O2

          QAV=.25*(QI1+QI2+QO2+QO1)

	      IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	      DF=TOT+TDEG-TDEP-ADD

	      IF(KFL(26)>0)WRITE(KW(26),6)IT,TM,ZII,ZOO,AII,AOO,V,TT,QI2,QO2

	      !IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)I,IT,TIX,RFDT(I),QHY(I,&

          !IDN1),V,TT,C,SIA,STHY,QHY(I,IDO),TOT,TDEG,TDEP,ADD,DF

          !IF(STHY<1.E-10)EXIT

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF   

          I=I+1

          T1=T2

          QI1=QI2

          QO1=QO2

          TM=TM+DTHY              

          ADI=ADI+QMSI(I)

          SMO=2.*(ADI-ADO)-QMSI(I)                                              

	  END DO                                                         

      NHY(IDO)=I-1

      SUM=0.

      TM=0.

      I=0

      DO K=1,NPD

          I=I+1

          QHY(K,IDO,IHX(1))=QMS(I)

          SUM=SUM+QMS(I)

          TM=TM+DTHY

          IF(QMS(I)>QPK)THEN

              QPK=QMS(I)

              TPK=TM

          END IF

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

      HYDV(IDO)=SUM

      RQRB(IDO)=QPK/CMS

	  TC(IDO)=TPK

	  TCAV(IDO)=TCAV(IDO)+TPK

	  !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QMS(I)

          END DO

	  END DO                                                                        

      XO=I-ISM                                                                       

      XIT=NIT                                                                        

      XO=XIT/XO

      IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	  IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	  NBCT(IDN2)=NBCT(IDN2)+NBCX

	  NBFT(IDN2)=NBFT(IDN2)+NBFX

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    1 FORMAT(//8X,'IT',5X,'Th',8X,'ZIm',7X,'ZOm',7X,'AIm2',6X,&

	  'AOm2',6X,'Vm/s',6X,'TTh',7X,'QIm3/s',4X,'QOm3/s')      

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',F8.3,&

      ' mm',2X,'QCAP= ',F8.3,' m3/s'/T10,'YI= ',F8.3,' t/ha',2X,'STY= ',&

      F8.3,' t/ha')

    6 FORMAT(6X,I4,20E16.6)

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',2X,&

      'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')

      END                                                                            






src/RTVSC.f90

      SUBROUTINE RTVSC

!     APEX1501

!     THIS SUBPROGRAM ROUTES FLOW THROUGH REACHES USING THE VARIABLE

!     STORAGE COEF METHOD

      USE PARM

      DIMENSION QMS(MHP),QMSI(MHP) 

      CMS=RWSA(IDN1)/(DTHY*360.)

      IWH=0

      NIT=0

      IF(HYDV(IDN1)>QTH)IWH=1

      IF(KFL(26)>0.AND.IWH>0)THEN

          WRITE(KW(26),4)IY,MO,KDA,IDN1,IDN2,NBSA(IDN2),IDO,RWSA(IDN1),WSA&

          (IDN2),RFPL(IDN2),HYDV(IDN1),QCAP(IDN2),YSD(NDRV,IDN1),&

          STY(IDN1)

          WRITE(KW(26),7)

      END IF

!     ROUTE THROUGH THE REACH

      QMSI=0.

      QMS=0.

      ADD=0.

      TOT=0.

      TM=0.

      QPK=0.

      TPK=0.

      NBCX=0

	  NBFX=0

	  I=1

	  DO J=1,MHX

	      I=I-1

          DO K=1,NPD

              I=I+1

              QMSI(I)=QHY(K,IDN1,IHX(J))

          END DO

	  END DO

      QI1=QHY(1,IDN1,IHX(1))

      QO1=QHY(1,IDO,IHX(1))

      ADI=0.

      DO L=1,NHY(IDN1)

          IF(QMSI(L)>0.)EXIT

          QMS(L)=0.

          IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)NIT,TM,TOT,TOT,TOT,TOT,&

          TOT,TOT,TOT,QMS(L),TOT,TOT,TOT,TOT,TOT

          TM=TM+DTHY

      END DO

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

      XL3=RFPL(IDN2)/3.6

      XLT=XL3/DTHY

      XLS=1000.*RFPL(IDN2)*RFPS(IDN2)

      RCHX(IDN2)=SQRT(RCHS(IDN2))/RCHN(IDN2)

      SSS=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      STHY=0.

      SIA=0.

      QO2=0.

      !     ROUTE UNTIL OUTFLOW IS GREATER THAN 0.                                                                                

      DO I=L,NHY(IDN1)

          I1=I-1                                                                    

          QI2=QMSI(I)

          ADI=ADI+QI2

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          DD=SQRT((XLS+ZI)/XLS)                                                          

          XFLO=QI2/DD 

          CALL HQDAV(AII,CBW,XFLO,SSS,ZCH,ZII,CHW,FPW,IDN2)

          SMO=2.*ADI-QI2                                                         

          XFLO=SMO-XLT*AII

          !O2 = SUM OF INFLOW - STORAGE                                                                         

          IF(XFLO>0.)EXIT

          QMS(I)=0.

          STHY=STHY+QI2                                                                                                                                        

          ZOO=0.                                                                         

          AOO=0.                                                                         

          V=.5*QMSI(I)/AII                                                           

          TT=XL3/(V+1.E-5)                                                                

          CVSC=MIN(.99,2.*DTHY/(2.*TT+DTHY))

          QI1=QI2

          TM=TM+DTHY

          IF(KFL(26)>0)WRITE(KW(26),6)IT,TM,RFDT(I),QI2,V,TT,CVSC,SIA,STHY,QO2

          !WRITE(KW(26),6)NIT,TM,ZII,ZOO,AII,AOO,V,TT,CVSC,STHY,QI2,QO2

      END DO

      ISM=I

      IIY=0

      DO 

          I1=I-1

          QI2=QMSI(I)

          SIA=.5*(QI1+QI2)+STHY

          G1=(QI1+QI2+QO1)/3.

          GB=MAX(QI1,QI2,QO1)                      

          GL=0.

          CALL HQDAV(AI,CBW,QI2,SSS,ZCH,ZI,CHW,FPW,IDN2)

          IF(IIY==0)THEN

              V=MAX(.1,QI2/AI)

              T1=XL3/V

              IIY=1

          END IF

          DO IT=1,20

              CALL HQDAV(AO,CBW,G1,SSS,ZCH,ZO,CHW,FPW,IDN2)

              XX=MAX(.75,(XLS+ZI-ZO)/XLS)

              DD=SQRT(XX)      

              V=MAX(.05,(QI2+G1)*DD/(AI+AO))

              T2=XL3/V

              TT=.5*(T1+T2)

              C=MIN(.99,2.*DTHY/(2.*TT+DTHY))

              !Q1=C*SIA

              Q1=C*(SIA-QO1/2.)

              GQ=Q1-G1                                                                       

                  IF(ABS(GQ/G1)<.001)EXIT

                  IF(GQ>0.)THEN

                      GL=G1

                  ELSE

                      GB=G1

                  END IF

                  G1=.5*(GB+GL)

                  IF(GB-GL<.001)EXIT                                                         

          END DO

          IF(IT>20)THEN

              IF(KFL(26)>0)WRITE(KW(26),47)QI1,QI2,QO1,DD,G1,Q1,GB,GL

          END IF

          NIT=NIT+IT

          QO2=MAX(.01,G1)                                                  

          QMS(I)=QO2 

          STHY=SIA-.5*(QO2+QO1)

          T1=T2

          QAV=.25*(QI1+QI2+QO2+QO1)

	      IF(QAV>0..AND.IHY==0)CALL RTYNP(QAV,ADD,TOT,I)

	      DF=TOT+TDEG-TDEP-ADD

	      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),6)IT,TM,RFDT(I),QI2,&

          V,TT,C,SIA,STHY,QO2,TOT,TDEG,TDEP,ADD,DF

          TM=TM+DTHY

          !IF(STHY<1.E-10)EXIT

          IF(I>NHY(IDN1))THEN

              QMSI(I)=.9*QMSI(I1)                                              

              IF(QMS(I1)<=1.)EXIT

          END IF   

          I=I+1

          QI1=QI2

          QO1=QO2

      END DO

      NHY(IDO)=I-1

      SUM=0.

      TM=0.

      I=0

      DO K=1,NPD

          I=I+1

          QHY(K,IDO,IHX(1))=QMS(I)

          SUM=SUM+QMS(I)

          TM=TM+DTHY

          IF(QMS(I)>QPK)THEN

              QPK=QMS(I)

              TPK=TM

          END IF

      END DO

      SUM=(SUM-.5*(QHY(1,IDO,IHX(1))+QHY(NPD,IDO,IHX(1))))/CMS

      HYDV(IDO)=SUM

	  RQRB(IDO)=QPK/CMS

	  TC(IDO)=TPK

	  TCAV(IDO)=TCAV(IDO)+TPK

	  !PRAV(IDO)=PRAV(IDO)+RQRB(IDO)

      !IF(RQRB(IDO)>PRB(IDO))PRB(IDO)=RQRB(IDO)

      !NQRB(IDO)=NQRB(IDO)+1

      IF(TC(IDO)>TCMX(IDO))THEN

          TCMX(IDO)=TC(IDO)

      ELSE

          IF(TC(IDO)<TCMN(IDO))TCMN(IDO)=TC(IDO)

      END IF

      DO J=2,MHX

          I=I-1

          DO K=1,NPD

              I=I+1

              QHY(K,IDO,IHX(J))=QMS(I)

          END DO

	  END DO

      XO=I-ISM

      XIT=NIT

      XO=XIT/XO

      IF(NBCX>0)NBCF(IDN2)=NBCF(IDN2)+1

	  IF(NBFX>0)NBFF(IDN2)=NBFF(IDN2)+1

	  NBCT(IDN2)=NBCT(IDN2)+NBCX

	  NBFT(IDN2)=NBFT(IDN2)+NBFX

      II=I+1

      IF(KFL(26)>0.AND.IWH>0)WRITE(KW(26),8)IDN1,IDN2,NBSA(IDN2),SUM,&

      QPK,TPK,XO,TOT,TDEG,TDEP,ADD

      RETURN

    4 FORMAT(//T10,'ROUTE'/T10,'DATE(Y-M-D)=',3I4,2X,'IDN1= ',I8,2X,&

      'ISA= ',I8,2X,'IDSA= ',I8,2X,'IDO= ',I8/T10,'WSAI= ',F12.3,' ha',&

      2X,'WSA= ',F12.3,' ha',2X,'RFPL= ',F12.3,' km'/T10,'HYD VOL= ',F8.3,&

      ' mm',2X,'QCAP= ',F8.3,' m3/s',2X,'YI= 'F8.3,' t/ha'/T10,'STY= ',&

      F8.3,' t/ha')

    6 FORMAT(6X,I4,20F10.3)

    7 FORMAT(//8X,'IT',5X,'Th',8X,'RFmm',5X,'QIm3/s',4X,'Vm/s',7X,'TTh',&

      7X,'C',5X,'QI+STm3/s',4X,'STm3/s',4X,'QOm3/s',4X,'YIt/s',5X,&

      'DEGt/s',4X'DEPt/s',4X,'YOt/s',5X,'DF')

    8 FORMAT(T10,'IDN1= ',I8,2X,'ISA= ',I8,2X,'IDSA= ',I8,2X,'HYD VOL= ',&

      F7.3,' mm',2X,'PEAK RATE= ',F7.2,' m3/s',2X,'TP= ',F7.2,' h',2X,&

      'AVE IT= ',F6.3/T10,'YI= ',F8.3,' t/ha',2X,'DEG= ',F8.3,' t/ha',&

      2X,'DEP= ',F8.3,' t/ha',2X,'YO= ',F8.3,'t/ha')

   15 FORMAT(20X,7F7.2)

   47 FORMAT(// T2,'CONVERGENCE PROBLEM--QI1=',F10.4,' QI2=',F10.4,&

      ' QO1=',F10.4,' QO2=',F10.4,'  G=',F10.4,' G1=',F10.4//)                            

      END






src/RTYNP.f90

      SUBROUTINE RTYNP(QAV,SUM,TOT,IZ)

!     APEX1501

!     THIS SUBPROGRAM ROUTES SEDIMENT THRU A REACH USING THE TIME STEP 

!     OF THE RTVSC. POTENTIAL SEDIMENT CONC IS ESTIMATED AS A FUNCTION 

!     OF VELOCITY. NET DEPOSITION OR DEGRADATION MAY RESULT DEPENDING ON

!     CONC OF REACH INFLOW, VEGETATIVE COVER, AND CHANNEL ERODIBILITY.

      USE PARM

      LD1=LID(1,IDN2)

      ZCH=RCHD(IDN2)

      CBW=RCBW(IDN2)

	  Y1=.5*(YHY(IZ,IDN1)+YHY(IZ-1,IDN1))

      Q1=QAV/CMS

	  CIN=.1*Y1/Q1

	  DEP=0.

      DEG=0.

      IF(QCAP(IDN2)<QAV)THEN

          QQ=QCAP(IDN2)

          QFP=QAV-QCAP(IDN2)

          DFP=(QFP/RFPX(IDN2))**.6

          VFP=QFP/(DFP*RFPW(IDN2))

          X1=QFP*VFP

          CYFP=PRMT(19)*VFP**PRMT(18)

          Q3=QFP/CMS

          SMM(79,MO,IDN2)=SMM(79,MO,IDN2)+Q3

          VAR(79,IDN2)=Q3

          VFPA(IDN2)=VFPA(IDN2)+VFP

          IF(VFP>VFPB(IDN2))VFPB(IDN2)=VFP

          NBFX=NBFX+1

          TRT=RFPL(IDN2)/(3.6*VFP)

          XX=FPSC(IDN2)

          F=MIN(Q3,XX*TRT)

          X2=F*RWSA(IDN1)/WSA(IDN2)

	      FPF(IDN2)=FPF(IDN2)+X2

          SMM(98,MO,IDN2)=SMM(98,MO,IDN2)+X2

          Q2=Q1-F

          QO=Q3-F

          IF(QO<1.E-5)THEN

              DEP=10.*CIN*Q3

              GO TO 34

          END IF

          X7=PRMT(45)*TRT*PSZM(IDN1)

          IF(X7<10.)THEN

              F=1.-EXP(-X7)

          ELSE

              F=1.

          END IF   

          X5=10.*(CYFP*QO-CIN*Q3)*F

          IF(X5>0.)THEN

              DEG=EK(IDN2)*CVF(IDN2)*X5

          ELSE

              DEP=-X5

          END IF

          GO TO 34

      END IF

      X1=0.

      QQ=QAV

   34 IF(QQ<1.E-5)THEN

          VCH=0.

          DEP=Y1

          GO TO 10

      END IF

      DCH=MAX(.1,ZCH*LOG10(QQ+1.)/LOG10(QCAP(IDN2)+1.))

      X3=SQRT(RCSS(IDN2)*RCSS(IDN2)+1.)

      DO IT=1,10

          A=DCH*(CBW+DCH*RCSS(IDN2))

          P=CBW+2.*X3*DCH

          Q=A**1.66667*RCHX(IDN2)/P**.66667

          FU=Q-QQ

          X6=MAX(1.,QQ)

          IF(ABS(FU/X6)<.01)GO TO 14

          R=A/P

          DFDD=RCHX(IDN2)*(1.6667*R**.6667*(CBW+2.*DCH*RCSS(IDN2))-1.333*R**&

         &1.66667*X3)

          DCH=DCH-FU/DFDD

      END DO

      WRITE(KW(1),16)IDN2,NBSA(IDN2),IYR,MO,KDA,QQ,Q,DFDD,DCH,ZCH

   14 VCH=QQ/A

      TRT=RCHL(IDN2)/(3.6*VCH)

      CYCH=PRMT(19)*VCH**PRMT(18)

      VCHA(IDN2)=VCHA(IDN2)+VCH

      IF(VCH>VCHB(IDN2))VCHB(IDN2)=VCH

      NBCX=NBCX+1

      Q3=QQ/CMS

      X7=PRMT(45)*TRT*PSZM(IDN1)

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF

      X5=10.*(CYCH-CIN)*Q3

      IF(X5>0.)THEN

          X5=RCHK(IDN2)*X5

          DEG=DEG+X5

      ELSE

          DEP=DEP-X5*F

          DPMT(IDN2)=DPMT(IDN2)-X5

          ZCH=ZCH+.1*X5/BD(LD1,IDN2)

      END IF

      X7=2.*PRMT(45)*TRT

      IF(X7<10.)THEN

          F=1.-EXP(-X7)

      ELSE

          F=1.

      END IF   

      DO I=1,NBSL(IDN2)

          ISL=LID(I,IDN2)

          IF(ZCH<Z(ISL,IDN2))EXIT

      END DO

      ZCH=ZCH+.1*X5/BD(ISL,IDN2)

   10 SRCH(14,IDO)=SRCH(14,IDO)+DEG

      TDEG=TDEG+DEG

      DEP=MIN(Y1,DEP)

      SRCH(13,IDO)=SRCH(13,IDO)+DEP

      TDEP=TDEP+DEP

	  Y2=Y1-DEP+DEG

	  YHY(IZ,IDO)=Y2

	  YSD(NDRV,IDO)=YSD(NDRV,IDO)+Y2

	  SUM=SUM+Y2

	  TOT=TOT+Y1

	  RETURN

   12 FORMAT(1X,2I4,1X,I4,2I2,'FLOOD QI=',F7.2,' QO=',F7.2,' QAV=',F7.2,&

      ' QQ=',F7.2,' QFP=',F7.2,' DCH=',F7.2,' DFP=',F7.3,' VCH=',F7.3,&

      ' VFP=',F7.3,' CIN=',F8.5,' CCH=',F8.5,' CFP=',F8.5,' DEP=',F7.3,&

      ' DEG=',F7.3,' DR=',F7.3,' ER=',F7.2,' YI=',F7.3,' YO=',F7.3)

   16 FORMAT(1X,'_______________PROBLEM DID NOT CONVERGE______________',&

      2I8,1X,I4,2I2,5E13.5)

      END






src/SAJBD.f90

      SUBROUTINE SAJBD

!     APEX1501

!     THIS SUBPROGRAM SIMULATES THE CHANGE IN BULK DENSITY WITHIN THE

!     PLOW LAYER CAUSED BY INFILTRATION SETTLING.

      USE PARM 

      XX=RFV(IRF(ISA))-QVOL(IDO)

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(XX>0.)THEN

              XX=XX*.2*(1.+2.*SAN(ISL,ISA)/(SAN(ISL,ISA)+EXP(8.597-.075*&

              SAN(ISL,ISA))))/Z(ISL,ISA)**.6

              IF(SCLM(6)>0.)XX=MIN(XX,SCLM(6))

              F=XX/(XX+EXP(SCRP(6,1)-SCRP(6,2)*XX))

              BDP(ISL,ISA)=BDP(ISL,ISA)+F*(BD(ISL,ISA)-BDP(ISL,ISA))

              XX=PKRZ(ISL)

          ELSE

              IF(Z(ISL,ISA)>BIG(ISA))RETURN

          END IF

      END DO

      RETURN

      END






src/SBDSC.f90

      SUBROUTINE SBDSC(X1,X3,F,J,II)

!     THIS SUBPROGRAM ESTIMATES THE EFFECT OF BULK DENSITY ON ROOT

!     GROWTH AND SATURATED CONDUCTIVITY AS A FUNCTION OF TEXTURE.

      USE PARM 

      BD1=X3+.00445*SAN(J,ISA)

      BD2=X3+.35+.005*SAN(J,ISA)

      X2=LOG(.01124*BD1)

      B2=(X2-LOG(8.*BD2))/(BD1-BD2)

      B1=X2-B2*BD1

	  X2=B1+B2*X1

	  IF(X2<-10.)THEN

	      F=1.

          GO TO 6

      END IF

      IF(X2>10.)THEN

          F=.0001

      ELSE

          F=X1/(X1+EXP(X2))

      END IF

    6 IF(II>2)RETURN

      IF(SATC(J,ISA)>0.)RETURN

      XC=100.-CLA(J,ISA)

      SATC(J,ISA)=12.7*XC/(XC+EXP(11.45-.097*XC))+1.

      SATC(J,ISA)=F*SATC(J,ISA)

      RETURN

      END






src/SDST.f90

      SUBROUTINE SDST(X,DG,DG1,X1,X2,I,ISA,MSL)

!     APEX1501

!     THIS SUBPROGRAM IS USED TO ESTIMATE MISSING SOIL DATA.

      DIMENSION X(MSL,ISA)

      IF(X(I,ISA)>0.)RETURN

      IF(I>1)THEN

          X(I,ISA)=X(I-1,ISA)*DG*EXP(-X2*DG)/DG1

      ELSE

          X(1,ISA)=X1

      END IF

      RETURN

      END






src/SLTB.f90

      SUBROUTINE SLTB(SLI,SLF,SLL,SLS,SLQ,SLB,SLE,ISA,NBSA,KW,MSO)

!     APEX1501      

!     THIS SUBPROGRAM IS THE SALT BALANCE

      DIMENSION KW(MSO),NBSA(ISA)

      WRITE(KW(1),2)ISA,NBSA(ISA)

      DF=SLB+SLI+SLF-SLL-SLS-SLQ-SLE

      PER=100.*DF/(SLE+.0001)

      WRITE(KW(1),1)PER,DF,SLB,SLI,SLF,SLL,SLS,SLQ,SLE

      RETURN

    1 FORMAT(5X,'PER =',E13.6,2X,'DF  =',E13.6,2X,'BTOT=',E13.6,2X,&

     &'IRR =',E13.6,2X,'FERT=',E13.6,2X,'PRK =',E13.6/5X,'SSF =',E13.6,&

     &2X,'Q   =',E13.6,2X,'FTOT=',E13.6)

    2 FORMAT(/T10,'SALT BALANCE',2X,'SA#= ',I8,1X,'ID= ',I8)

      END






src/SOCIOA.f90

      SUBROUTINE SOCIOA(KK)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL ORGANIC C AND N VARIABLES ANNUALLY

      USE PARM 

      WRITE(KW(21),30)IYR,MO1,KK,ISA,NBSA(ISA)

      WRITE(KW(21),29)TITSO(ISA)

      WRITE(KW(21),29)TITOP(ISA)

      WRITE(KW(21),2)(SID(LORG(LID(J,ISA),ISA)),J=1,NBSL(ISA)),SID(11)

      WRITE(KW(21),3)(Z(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),22)(BDP(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),23)(SAN(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),24)(SIL(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),25)(CLA(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),26)(ROK(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),4)(WLS(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLS(ISA)

      WRITE(KW(21),5)(WLM(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLM(ISA)

      WRITE(KW(21),6)(WLSL(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSL(ISA)

      WRITE(KW(21),7)(WLSC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSC(ISA)

      WRITE(KW(21),8)(WLMC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLMC(ISA)

      WRITE(KW(21),9)(WLSLC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSLC(ISA)

      WRITE(KW(21),10)(WLSLNC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSLNC(ISA)

      WRITE(KW(21),11)(WBMC(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZBMC(ISA)

      X1=.001*ZHSC(ISA)

      WRITE(KW(21),12)(WHSC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      X1=.001*ZHPC(ISA)

      WRITE(KW(21),13)(WHPC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      X1=.001*ZOC(ISA)

      WRITE(KW(21),14)(WOC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      WRITE(KW(21),15)(WLSN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLSN(ISA)

      WRITE(KW(21),16)(WLMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZLMN(ISA)

      WRITE(KW(21),17)(WBMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZBMN(ISA)

      WRITE(KW(21),18)(WHSN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZHSN(ISA)

      WRITE(KW(21),19)(WHPN(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZHPN(ISA)

      WRITE(KW(21),20)(WON(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZON(ISA)

      WRITE(KW(21),31)(ECND(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(21),32)(WSLT(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZSLT(ISA)

      RETURN

    2 FORMAT(T52,'SOIL LAYER NO'/T18,16(4X,A4))

    3 FORMAT(T5,'DEPTH(m)',T20,16F8.2)

    4 FORMAT(T5,'WLS(kg/ha)',T20,16F8.1)

    5 FORMAT(T5,'WLM(kg/ha)',T20,16F8.1)

    6 FORMAT(T5,'WLSL(kg/ha)',T20,16F8.1)

    7 FORMAT(T5,'WLSC(kg/ha)',T20,16F8.1)

    8 FORMAT(T5,'WLMC(kg/ha)',T20,16F8.1)

    9 FORMAT(T5,'WLSLC(kg/ha)',T20,16F8.1)

   10 FORMAT(T5,'WLSLNC(kg/ha)',T20,16F8.1)

   11 FORMAT(T5,'WBMC(kg/ha)',T20,16F8.1)

   12 FORMAT(T5,'WHSC(kg/ha)',T20,16F8.1)

   13 FORMAT(T5,'WHPC(kg/ha)',T20,16F8.1)

   14 FORMAT(T5,'WOC(kg/ha)',T20,16F8.1)

   15 FORMAT(T5,'WLSN(kg/ha)',T20,16F8.1)

   16 FORMAT(T5,'WLMN(kg/ha)',T20,16F8.1)

   17 FORMAT(T5,'WBMN(kg/ha)',T20,16F8.1)

   18 FORMAT(T5,'WHSN(kg/ha)',T20,16F8.1)

   19 FORMAT(T5,'WHPN(kg/ha)',T20,16F8.1)

   20 FORMAT(T5,'WON(kg/ha)',T20,16F8.0)

   22 FORMAT(T5,'BD 33KPA(t/m3)',T20,16F8.2)

   23 FORMAT(T5,'SAND(%)',T20,16F8.1)

   24 FORMAT(T5,'SILT(%)',T20,16F8.1)

   25 FORMAT(T5,'CLAY(%)',T20,16F8.1)

   26 FORMAT(T5,'ROCK(%)',T20,16F8.1)

   29 FORMAT(10X,A20)

   30 FORMAT(//T10,3I4/T10,'SA#= ',I8,1X,'ID= ',I8)

   31 FORMAT(T5,'ECND(mmho/cm)',T20,16F8.2)

   32 FORMAT(T5,'WSLT(kg/ha)',T20,16F8.0)

      END






src/SOCIOD.f90

      SUBROUTINE SOCIOD(KK)

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL ORGANIC C AND N VARIABLES DAILY

      USE PARM 

      WRITE(KW(22),30)IYR,MO,KK,ISA,NBSA(ISA)

      WRITE(KW(22),2)(SID(LORG(LID(J,ISA),ISA)),J=1,NBSL(ISA)),SID(11)

      WRITE(KW(22),3)(Z(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(22),21)(SOIL(12,LID(I,ISA),ISA),I=1,NBSL(ISA)),UW(2)

      WRITE(KW(22),27)(STMP(LID(I,ISA),ISA),I=1,NBSL(ISA))

      WRITE(KW(22),28)(RSD(LID(I,ISA),ISA),I=1,NBSL(ISA)),TRSD(ISA)

      X1=.001*ZOC(ISA)

      WRITE(KW(22),14)(WOC(LID(I,ISA),ISA),I=1,NBSL(ISA)),X1

      WRITE(KW(22),8)WBMX

      WRITE(KW(22),1)(RSPC(LID(I,ISA),ISA),I=1,NBSL(ISA)),TRSP

      WRITE(KW(22),4)(RNMN(LID(I,ISA),ISA),I=1,NBSL(ISA)),SNMN

      WRITE(KW(22),5)(FOP(LID(I,ISA),ISA),I=1,NBSL(ISA)),ZFOP(ISA)

      RETURN

    1 FORMAT(T5,'CO2 LOSS(kg/ha)',T20,11F8.0)

    2 FORMAT(T52,'SOIL LAYER NO'/T18,11(4X,A4))

    3 FORMAT(T5,'DEPTH(m)',T20,11F8.2)

    4 FORMAT(T5,'NET MN(kg/ha)',T20,11F8.2)

    5 FORMAT(T5,'FOP(kg/ha)',T20,11F8.1)

    8 FORMAT(T5,'BIOMIX',T20,11F8.4)

   14 FORMAT(T5,'WOC(kg/ha)',T20,16F8.1)      

   21 FORMAT(T5,'SW(m/m)',T20,11F8.3)

   27 FORMAT(T5,'TEMP(c)',T20,11F8.2)

   28 FORMAT(T5,'RSD(t/ha)',T20,11F8.2)

   30 FORMAT(//T10,3I4,1X,'SA#=',I8,1X,'ID=',I8)

      END






src/SOIL_05.f90

      SUBROUTINE SOIL_05(KWX)

      ! APEX1307

	  ! THIS SUBPROGRAM OUTPUTS SOIL PROPERTIES IN THE TOP 0.05 M OF SOIL

	  USE PARM 

      DIMENSION STOT(27)

      STOT=0.

      XX=0.

      JJ=0

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          IF(Z(ISL,ISA)<.05)THEN

              DXZ=Z(ISL,ISA)-XX

              RTO=1.

          ELSE

              DXZ=.05-XX

              RTO=DXZ/(Z(ISL,ISA)-XX)

              JJ=1

          END IF 

          STOT(1)=STOT(1)+PO(ISL,ISA)*RTO

          STOT(2)=STOT(2)+FC(ISL,ISA)*RTO

          STOT(3)=STOT(3)+S15(ISL,ISA)*RTO

          STOT(4)=STOT(4)+SWST(ISL,ISA)*RTO

          STOT(5)=STOT(5)+SATC(ISL,ISA)*DXZ

          STOT(6)=STOT(6)+HCL(ISL,ISA)*DXZ

          STOT(7)=STOT(7)+BDP(ISL,ISA)*DXZ

          STOT(9)=STOT(9)+SAN(ISL,ISA)*DXZ

          STOT(10)=STOT(10)+SIL(ISL,ISA)*DXZ

          STOT(11)=STOT(11)+CLA(ISL,ISA)*DXZ

          STOT(12)=STOT(12)+ROK(ISL,ISA)*DXZ

          STOT(13)=STOT(13)+RSD(ISL,ISA)*RTO

          STOT(14)=STOT(14)+PH(ISL,ISA)*DXZ

          STOT(15)=STOT(15)+SMB(ISL,ISA)*DXZ

          STOT(16)=STOT(16)+CEC(ISL,ISA)*DXZ

          STOT(17)=STOT(17)+ALS(ISL,ISA)*DXZ

          STOT(18)=STOT(18)+CAC(ISL,ISA)*DXZ

          STOT(19)=STOT(19)+PSP(ISL,ISA)*DXZ

          STOT(20)=STOT(20)+WPML(ISL,ISA)*RTO

          STOT(21)=STOT(21)+WPMA(ISL,ISA)*RTO

          STOT(22)=STOT(22)+WPMS(ISL,ISA)*RTO

          STOT(23)=STOT(23)+WPO(ISL,ISA)*RTO

          STOT(24)=STOT(24)+WNO3(ISL,ISA)*RTO

          STOT(25)=STOT(25)+WON(ISL,ISA)*RTO

          STOT(26)=STOT(26)+WOC(ISL,ISA)*RTO

          STOT(27)=STOT(27)+WT(ISL,ISA)*RTO

          IF(JJ>0)EXIT

          XX=Z(ISL,ISA)

      END DO

      STOT(8)=STOT(27)/500.

      DO K=1,4

          STOT(K)=STOT(K)/50.

      END DO   

      DO K=5,19

          IF(K==8.OR.K==13)CYCLE

          STOT(K)=STOT(K)/.05

      END DO

      DO K=20,25

          STOT(K)=1000.*STOT(K)/STOT(27)

      END DO 

      STOT(26)=.1*STOT(26)/STOT(27)

      Z5=.05

      WRITE(KWX,901)ISA,NBSA(ISA),IYR,IY,MO1,(LORG(ISL,ISA),ISL=1,2),&

      Z5,(STOT(K),K=1,26)

	  RETURN

  901 FORMAT(2I8,1X,3I4,I2,'/',I2,F8.2,4F8.3,4F8.2,4F8.1,F8.2,5F8.1,F8.2,6F8.0,F8.2)            

      END     






src/SOIL_BDCD.f90

      SUBROUTINE SOIL_BDCD

!     THIS SUBPROGRAM ESTIMATES THE SOIL ERODIBILITY FACTOR FOR THE WIND

!     EROSION EQ.

      USE PARM

      LD1=LID(1,ISA)

      IF(SAN(LD1,ISA)>85.+.5*CLA(LD1,ISA))THEN

          WK=1.

          RETURN

      END IF

      IF(SAN(LD1,ISA)>70.+CLA(LD1,ISA))THEN

          WK=.43

          RETURN

      END IF

      IF(SIL(LD1,ISA)>80..AND.CLA(LD1,ISA)<12.)THEN

          WK=.12

          RETURN

      END IF

      IF(CAC(LD1,ISA)>0.)THEN

          IF(SAN(LD1,ISA)<45..OR.CLA(LD1,ISA)<20..OR.SIL(LD1,ISA)>28.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF  

      IF(CLA(LD1,ISA)<7.)THEN

          IF(SIL(LD1,ISA)<50.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<20.)THEN

          IF(SAN(LD1,ISA)>52.)THEN

              WK=.28

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<27.)THEN

          IF(SIL(LD1,ISA)<28.)THEN

              WK=.18

              RETURN

          ELSE

              WK=.16

              RETURN

          END IF

      END IF        

      IF(CLA(LD1,ISA)<35..AND.SAN(LD1,ISA)<20.)THEN

          WK=.12

          RETURN

      END IF

      IF(CLA(LD1,ISA)<35.)THEN

          IF(SAN(LD1,ISA)<45.)THEN        

              WK=.16

              RETURN

          ELSE

              WK=.18

              RETURN

          END IF

      END IF        

      IF(SAN(LD1,ISA)>45.)THEN

          WK=.18

          RETURN

      ELSE

          WK=.28

          RETURN

      END IF

      RETURN

      END






src/SOLIOC.f90

      SUBROUTINE SOLIOC

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE CHEMICAL SOIL TABLE.

      USE PARM 

      WRITE(KW(1),2)

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          WRITE(KW(1),40)LORG(ISL,ISA),Z(ISL,ISA),PH(ISL,ISA),SMB(ISL,ISA),&

          CEC(ISL,ISA),ALS(ISL,ISA),CAC(ISL,ISA),PSP(ISL,ISA),SOIL(1,ISL,&

          ISA),SOIL(2,ISL,ISA),SOIL(3,ISL,ISA),SOIL(4,ISL,ISA),SOIL(5,ISL,&

          ISA),SOIL(6,ISL,ISA),SOIL(10,ISL,ISA),SOIL(11,ISL,ISA),&

          SOIL(15,ISL,ISA),SOIL(7,ISL,ISA),SOIL(16,ISL,ISA)

          X1=.001*ZOC(ISA)

      END DO

      WRITE(KW(1),41)ZPML(ISA),ZPMA(ISA),ZPMS(ISA),ZPO(ISA),ZNO3(ISA),&

      ZON(ISA),ZSK(ISA),ZEK(ISA),ZFK(ISA),X1,ZSLT(ISA)

      RETURN

    2 FORMAT(T27,'SUM',13X,'AL',12X,'P SORP',3X,'_______MIN P_______',5X&

      ,'ORG',5X,'NO3',5X,'ORG',T138,'ORG'/2X,'LAY',4X,'DEPTH',5X,'PH',5X,&

      'BASE',4X,'CEC',4X,'SAT',5X,'CACO3',4X,'RTO',4X,'LAB',5X,'ACT',5X,&

      'STB',6X,'P',7X,'N',7X,'N',4X,'SOLK',4X,'EXCK',4X,'FIXK',7X,'C',&

      6X,'SALT'/3X,'NO',5X,'(m)',12X,'-(cmol/kg)--',4X,'-----(%)-----',&

      11X,'---------------------------------(g/t)-----------------------&

      --------',3X,'(%)',5X,'(ppm)')

   40 FORMAT(T2,I4,T7,F8.2,5F8.1,F8.2,9F8.0,F8.2,F8.0)

   41 FORMAT(T2,'TOTAL',T63,9F8.0,F8.2,F8.0)

      END






src/SOLIOP.f90

      SUBROUTINE SOLIOP

!     APEX1501

!     THIS SUBPROGRAM OUTPUTS THE SOIL TABLE.

      USE PARM 

      WRITE(KW(1),2)

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          WRITE(KW(1),40)LORG(ISL,ISA),Z(ISL,ISA),SOIL(8,ISL,ISA),SOIL(9,ISL&

          ,ISA),SSF(ISL,ISA),SOIL(12,ISL,ISA),SATC(ISL,ISA),HCL(ISL,ISA),BDP&

          (ISL,ISA),SOIL(13,ISL,ISA),SAN(ISL,ISA),SIL(ISL,ISA),CLA(ISL,ISA),&

          ROK(ISL,ISA),RSD(ISL,ISA)

      END DO

      WRITE(KW(1),41)UW(4),UW(1),UW(3),UW(2),TRSD(ISA)

      RETURN

    2 FORMAT(T18,'_______WATER CONTENT________   ___SAT COND__    __BULK &

      DEN___    ___________TEXTURE__________   CROP'/2X,'LAY',4X,&

      'DEPTH',4X,'POR',5X,'FC',6X,'WP',4X,'CURNT',4X,'VERT',4X,'HORZ',&

      4X,'33KPA  OV DRY',4X,'SAND',4X,'SILT',4X,'CLAY',4X,'ROCK',4X,&

      'RSD'/3X,'NO',5X,'(m)',4X,'------------(m/m)-----------',3X,&

      '---(mm/h)----',5X,'--(t/m3)---',5X,'------------(%)-------------'&

      ,2X,'(t/ha)')

   40 FORMAT(T2,I4,T7,F8.2,4F8.3,4F8.2,4F8.1,2F8.2)

   41 FORMAT(T2,'TOTAL',T15,4F8.3,T111,F8.2)

      END






src/SOLT.f90

      SUBROUTINE SOLT

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES DAILY AVEAGE TEMPERATURE AT THE CENTER

!     OF EACH SOIL LAYER.

      USE PARM 

      DATA ITMP/0/

      DATA XLAG/.8/

      XLG1=1.-XLAG

      F=ABD(ISA)/(ABD(ISA)+686.*EXP(-5.63*ABD(ISA)))

      DP=1.+2.5*F

      WW=.356-.144*ABD(ISA)

      B=LOG(.5/DP)

      WC=.001*SW(ISA)/(WW*Z(LID(NBSL(ISA),ISA),ISA))

      F=MAX(.2,EXP(B*((1.-WC)/(1.+WC))**2))

      DD=F*DP

      IF(ITMP==0)THEN

          X4=.5*AMPX

          XZ=.5*(TMX(IRF(ISA))-TMN(IRF(ISA)))*ST0(ISA)/10.

          X2=TX

          X3=(1.-BCV(ISA))*X2+BCV(ISA)*STMP(LID(2,ISA),ISA)

          TG=.5*(X2+X3)

          DST0(ISA)=AVT+X4*COS((IDA-200)/PIT)

          X1=TX-DST0(ISA)

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              X7=Z(ISL,ISA)/DD

              X5=EXP(-X7)

              STMP(ISL,ISA)=(AVT+X4*COS((IDA-200)/PIT-X7)*X5)+X1*X5

          END DO

      ELSE        

          X2=TX+.5*(TMX(IRF(ISA))-TMN(IRF(ISA)))*ST0(ISA)/30.

          X3=(1.-BCV(ISA))*X2+BCV(ISA)*STMP(LID(2,ISA),ISA)

          DST0(ISA)=.5*(X2+X3)

          ZZ=2.*DD

          XX=0.

          X1=AVT-DST0(ISA)

          DO J=1,NBSL(ISA)

              ISL=LID(J,ISA)

              ZD=(XX+Z(ISL,ISA))/ZZ

              F=ZD/(ZD+EXP(-.8669-2.0775*ZD))

              STMP(ISL,ISA)=XLAG*STMP(ISL,ISA)+XLG1*(F*X1+DST0(ISA))

              XX=Z(ISL,ISA)

          END DO

      END IF    

      RETURN

      END






src/SPLA.f90

      SUBROUTINE SPLA(I,I1,K,RTO,JNT)

!     APEX1501

!     THIS SUBPROGRAM SPLITS SOIL LAYERS & PARTITIONS CONTENTS.

      USE PARM 

      IF(JNT==0)Z(K,ISA)=(Z(I,ISA)+Z(I1,ISA))*.5

      PSP(K,ISA)=PSP(I,ISA)

      BD(K,ISA)=BD(I,ISA)

      CLA(K,ISA)=CLA(I,ISA)

      SIL(K,ISA)=SIL(I,ISA)

      SAN(K,ISA)=SAN(I,ISA)

      ROK(K,ISA)=ROK(I,ISA)

      !IF(I/=LID(NBSL(ISA),ISA))SATC(K,ISA)=SATC(I,ISA)

      SATC(K,ISA)=SATC(I,ISA)

      ECND(K,ISA)=ECND(I,ISA)

      EQKS(K,ISA)=EQKS(I,ISA)

      EQKE(K,ISA)=EQKE(I,ISA)

      WSLT(K,ISA)=6.4*ECND(I,ISA)*SWST(I,ISA)

      II=I

      IF(I==IDR(ISA))II=I1

      HCL(K,ISA)=HCL(II,ISA)

      PH(K,ISA)=PH(I,ISA)

      STMP(K,ISA)=STMP(I,ISA)

      BDD(K,ISA)=BDD(I,ISA)

      BPT(K,ISA)=BPT(I,ISA)

      BDP(K,ISA)=BDP(I,ISA)

      SMB(K,ISA)=SMB(I,ISA)

      CEC(K,ISA)=CEC(I,ISA)

      CAC(K,ISA)=CAC(I,ISA)

      ALS(K,ISA)=ALS(I,ISA)

      CNRT(K,ISA)=CNRT(I,ISA)

      VGA(K,ISA)=VGA(I,ISA)

      VGN(K,ISA)=VGN(I,ISA)

      WT(K,ISA)=EAJL(WT(I,ISA),RTO)

      WCMU(K,ISA)=EAJL(WCMU(I,ISA),RTO)

      WNO3(K,ISA)=EAJL(WNO3(I,ISA),RTO)

      WNH3(K,ISA)=EAJL(WNH3(I,ISA),RTO)

      WNMU(K,ISA)=EAJL(WNMU(I,ISA),RTO)

      WPO(K,ISA)=EAJL(WPO(I,ISA),RTO)

      RSDM(K,ISA)=EAJL(RSDM(I,ISA),RTO)

      WCOU(K,ISA)=EAJL(WCOU(I,ISA),RTO)

      WNOU(K,ISA)=EAJL(WNOU(I,ISA),RTO)

      WPML(K,ISA)=EAJL(WPML(I,ISA),RTO)

	  WPMU(K,ISA)=EAJL(WPMU(I,ISA),RTO)

	  WPMA(K,ISA)=EAJL(WPMA(I,ISA),RTO)

	  SOLK(K,ISA)=EAJL(SOLK(I,ISA),RTO)

	  EXCK(K,ISA)=EAJL(EXCK(I,ISA),RTO)

	  FIXK(K,ISA)=EAJL(FIXK(I,ISA),RTO)

      FOP(K,ISA)=EAJL(FOP(I,ISA),RTO)

      WPOU(K,ISA)=EAJL(WPOU(I,ISA),RTO)

      WPMS(K,ISA)=EAJL(WPMS(I,ISA),RTO)

      WHPN(K,ISA)=EAJL(WHPN(I,ISA),RTO)

      WHSN(K,ISA)=EAJL(WHSN(I,ISA),RTO)

      WBMN(K,ISA)=EAJL(WBMN(I,ISA),RTO)

      WLSN(K,ISA)=EAJL(WLSN(I,ISA),RTO)

      WLMN(K,ISA)=EAJL(WLMN(I,ISA),RTO)

      WHPC(K,ISA)=EAJL(WHPC(I,ISA),RTO)

      WHSC(K,ISA)=EAJL(WHSC(I,ISA),RTO)

      WBMC(K,ISA)=EAJL(WBMC(I,ISA),RTO)

      WLS(K,ISA)=EAJL(WLS(I,ISA),RTO)

      WLM(K,ISA)=EAJL(WLM(I,ISA),RTO)

      WLSL(K,ISA)=EAJL(WLSL(I,ISA),RTO)

      WLSC(K,ISA)=.42*WLS(K,ISA)

      WLMC(K,ISA)=.42*WLM(K,ISA)

      WLSLC(K,ISA)=.42*WLSL(K,ISA)

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WLSC(I,ISA)=.42*WLS(I,ISA)

      WLMC(I,ISA)=.42*WLM(I,ISA)

      WLSLC(I,ISA)=.42*WLSL(I,ISA)

      WLSLNC(I,ISA)=WLSC(I,ISA)-WLSLC(I,ISA)

      RSD(I,ISA)=.001*(WLS(I,ISA)+WLM(I,ISA))

      WOC(I,ISA)=WBMC(I,ISA)+WHPC(I,ISA)+WHSC(I,ISA)+WLMC(I,ISA)+&

      WLSC(I,ISA)

      WOC(K,ISA)=WBMC(K,ISA)+WHPC(K,ISA)+WHSC(K,ISA)+WLMC(K,ISA)+&

      WLSC(K,ISA)

      WON(I,ISA)=WBMN(I,ISA)+WHPN(I,ISA)+WHSN(I,ISA)+WLMN(I,ISA)+&

      WLSN(I,ISA)

      WON(K,ISA)=WBMN(K,ISA)+WHPN(K,ISA)+WHSN(K,ISA)+WLMN(K,ISA)+&

      WLSN(K,ISA)

      S15(K,ISA)=EAJL(S15(I,ISA),RTO)

      FC(K,ISA)=EAJL(FC(I,ISA),RTO)

      PO(K,ISA)=EAJL(PO(I,ISA),RTO)

      SWST(K,ISA)=EAJL(SWST(I,ISA),RTO)

      !Van Genuchten properties Jaehak 2017

      vgN(K,ISA)=vgN(I,ISA)

      vgA(K,ISA)=vgA(I,ISA)

      vgSat(K,ISA)=vgSat(I,ISA)

      vgRes(K,ISA)=vgRes(I,ISA)

      !end temp cdj fastRE

      RETURN

      END






src/SPOFC.f90

      SUBROUTINE SPOFC(I)

!     APEX1501

!     THIS SUBPROGRAM CHECKS SOIL WATER STORAGE CAPACITY AT WILTING

!     POINT, FIELD CAPACITY, & POROSITY & ADJUSTS INCONSISTANCIES AS

!     NEEDED

      USE PARM 

      X1=.95*PO(I,ISA)

      IF(FC(I,ISA)>X1)THEN

          X2=MAX(1.,FC(I,ISA)-S15(I,ISA))

          FC(I,ISA)=X1

          S15(I,ISA)=FC(I,ISA)-X2

          IF(S15(I,ISA)<=0.)S15(I,ISA)=.01*FC(I,ISA)

      END IF

      RETURN

      END






src/SPRNT.f90

      SUBROUTINE SPRNT

!     APEX1501

!     THIS SUBPROGRAM PREPARES SOIL DATA TABLE FOR OUTPUT, AND CONVERTS

!     WEIGHTS OF MATERIALS TO CONCENTRATION.

      USE PARM 

      XX=0.

      UW(1)=0.

      UW(2)=0.

      UW(3)=0.

      UW(4)=0.      

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          WT1=WT(ISL,ISA)/1000.

          SOIL(1,ISL,ISA)=WPML(ISL,ISA)/WT1

          SOIL(2,ISL,ISA)=WPMA(ISL,ISA)/WT1

          SOIL(3,ISL,ISA)=WPMS(ISL,ISA)/WT1

          SOIL(4,ISL,ISA)=WPO(ISL,ISA)/WT1

          SOIL(5,ISL,ISA)=WNO3(ISL,ISA)/WT1

          SOIL(6,ISL,ISA)=WON(ISL,ISA)/WT1

          SOIL(7,ISL,ISA)=.1*WOC(ISL,ISA)/WT(ISL,ISA)

          SOIL(10,ISL,ISA)=SOLK(ISL,ISA)/WT1

          SOIL(11,ISL,ISA)=EXCK(ISL,ISA)/WT1

          SOIL(15,ISL,ISA)=FIXK(ISL,ISA)/WT1

          SOIL(16,ISL,ISA)=WSLT(ISL,ISA)/WT1

          DG=(Z(ISL,ISA)-XX)*1000.

          SSF(ISL,ISA)=S15(ISL,ISA)/DG

          UW(1)=UW(1)+FC(ISL,ISA)

          SOIL(9,ISL,ISA)=FC(ISL,ISA)/DG

          SOIL(8,ISL,ISA)=PO(ISL,ISA)/DG

          SOIL(13,ISL,ISA)=BDD(ISL,ISA)*BD(ISL,ISA)

          UW(2)=UW(2)+SWST(ISL,ISA)

          SOIL(12,ISL,ISA)=SWST(ISL,ISA)/DG

          UW(3)=UW(3)+S15(ISL,ISA)

          UW(4)=UW(4)+PO(ISL,ISA)

          XX=Z(ISL,ISA)

      END DO

      XX=Z(LID(NBSL(ISA),ISA),ISA)*1000.

      DO I=1,4

          UW(I)=UW(I)/XX

      END DO

      RETURN

      END






src/SWN1530.f90

      SUBROUTINE SWN1530

      ! APEX1501

      ! THIS SUBPROGRAM COMPUTES THE SOIL WATER CONTENT(m/m) AND NO3 

      ! CONCENTRATION(G/M^3) OF A SOIL AT 0.15 AND 0.3 M DEPTHS. 

      USE PARM

      SW15=0.

	  SW30=0.

	  SNN15=0.

	  SNN30=0.

	  SNA15=0.

	  SNA30=0.

	  WT15=0.

	  WT30=0.

	  DO I=1,NBSL(ISA)

	      L=LID(I,ISA)

	      IF(Z(L,ISA)>.15)GO TO 2

	      SW15=SW15+SWST(L,ISA)

	      SNN15=SNN15+WNO3(L,ISA)

	      SNA15=SNA15+WNH3(L,ISA)

	      WT15=WT15+WT(L,ISA)

	      L1=L

	  END DO

      GO TO 5

    2 RTO=(.15-Z(L1,ISA))/(Z(L,ISA)-Z(L1,ISA))

      X1=RTO*SWST(L,ISA)

      SW15=SW15+X1

	  Y1=RTO*WNO3(L,ISA)

      SNN15=SNN15+Y1

	  Y2=RTO*WNH3(L,ISA)

	  SNA15=SNA15+Y2

	  W1=RTO*WT(L,ISA)

	  WT15=WT15+W1

	  DO J=1,NBSL(ISA)

	      L=LID(J,ISA)

	      IF(Z(L,ISA)>.3)GO TO 4

	      SW30=SW30+SWST(L,ISA)

	      SNN30=SNN30+WNO3(L,ISA)

	      SNA30=SNA30+WNH3(L,ISA)

	      WT30=WT30+WT(L,ISA)

	      L1=L

	  END DO

      GO TO 6

    4 RTO=(.3-Z(L1,ISA))/(Z(L,ISA)-Z(L1,ISA))

      SW30=SW30+RTO*SWST(L,ISA)

      SNN30=SNN30+RTO*WNO3(L,ISA)

	  SNA30=SNA30+RTO*WNH3(L,ISA)

      WT30=WT30+RTO*WT(L,ISA)

    6 SW30=SW30/300.

      SNN30=1000.*SNN30/WT30

	  SNA30=1000.*SNA30/WT30

    5 SW15=SW15/150.

	  SNN15=1000.*SNN15/WT15

	  SNA15=1000.*SNA15/WT15

      RETURN

	  END 






src/SWNN.f90

      SUBROUTINE SWNN(CL,SA,OC,W1,F3)

!     APEX1501

!     THIS SUBPROGRAM ESTIMATES FC AND WP USING NEAREST NEIGHBOR 

!     APPROACH.

      USE PARM

      DIMENSION KX(NSX)

      DIMENSION DXS(NSX),XTX(3)

      XTX(1)=(SA-XAV(1))/XDV(1)

      XTX(2)=(CL-XAV(2))/XDV(2)

      XTX(3)=(OC-XAV(3))/XDV(3)

      XTX(1)=XTX(1)*BRNG/XRG(1)

      XTX(2)=XTX(2)*BRNG/XRG(2)

      XTX(3)=XTX(3)*BRNG/XRG(3)

      I1=1

      DO I=1,NSX

          DXS(I)=0.

          DO K=1,3

              DXS(I)=DXS(I)+(XSP(I,K)-XTX(K))**2

          END DO

          DXS(I)=SQRT(DXS(I))

          KX(I1)=I

          I1=I1+1

      END DO

      I1=I1-1

      CALL ASORT3(DXS,KX,NSX)

      N1=MIN(I1,NSNN)

      SUM=0.

      DO I=1,N1

          J=KX(I)

          DO K=1,3

              XTP(K)=XDV(K)*XSP(J,K)*XRG(K)/BRNG+XAV(K)

          END DO

          SUM=SUM+DXS(J)

      END DO

      TOT=0.

      DO I=1,N1

          J=KX(I)

          DXS(J)=(SUM/DXS(J))**EXNN

          TOT=TOT+DXS(J)

      END DO

      W1=0.

      F3=0.

      DO I=1,N1

          J=KX(I)

          DXS(J)=DXS(J)/TOT

          W1=W1+DXS(J)*XSP(J,4)

		  F3=F3+DXS(J)*XSP(J,5)

      END DO

      RETURN

    1 FORMAT(10F10.4)

      END






src/SWRTNNW.f90

      SUBROUTINE SWRTNNW(CL,SA,OC,BD,WP,FC)

!     APEX1501

!     THIS SUBPROGRAM USES THE BEHRMAN-NORFLEET-WILLIAMS (BNW) METHOD

!     FOR ESTIMATING SOIL WATER CONTENT AT 33 AND 1500 kpa.

      SI=100.-CL-SA

      WP=.04285+.0001041*SI+.003958*CL+.00001555*CL*SI-.005606*LOG10(OC)

      X1=1.72*OC

      AD1=SA+SI+CL+X1

      BDO=(1.6*SA+1.3*SI+1.1*CL+.224*X1)/AD1

      PAO=(.03*SA+.25*SI+.15*CL+.7*X1)/AD1

      RTO=BDO/BD

      PAW=RTO*PAO

      FC=WP+PAW

      RETURN

      END






src/SWRTNR.f90

      SUBROUTINE SWRTNR(CL,SA,OC,WP,FC)

!     APEX1501

!     THIS SUBPROGRAM USES WALTER RAWLS'S METHOD FOR ESTIMATING SOIL

!     WATER CONTENT AT 33 AND 1500 KPA.

      WP=.026+.005*CL+.0158*OC

      FC=.2576-.002*SA+.0036*CL+.0299*OC

      RETURN

      END






src/SWRTN_BNW.f90

      SUBROUTINE SWRTN_BNW(CL,SA,OC,BD,WP,FC)

      ! APEX1501

!     THIS SUBPROGRAM USES THE BEHRMAN-NORFLEET-WILLIAMS (BNW) METHOD

!     FOR ESTIMATING SOIL WATER CONTENT AT 33 AND 1500 kpa.

      SI=100.-CL-SA

      WP=.04285+.0001041*SI+.003958*CL+.00001555*CL*SI-.005606*LOG10(OC)

      PO=1.-BD/2.65

      X1=1.72*OC

      AD1=SA+SI+CL+X1

      BDO=(1.6*SA+1.3*SI+1.1*CL+.224*X1)/AD1

      PAO=(.05*SA+.26*SI+.08*CL+.9*X1)/AD1

      RTO=BDO/BD

      PAW=RTO*PAO

      FC=WP+PAW

      RETURN

      END






src/SWTN.f90

      SUBROUTINE SWTN

!     APEX1501

!     THIS SUBPROGRAM CALCULATES SOIL WATER TENSION AS A FUNCTION OF

!     WATER CONTENT IN RELATION TO WILTING POINT & FIELD CAPACITY.

      USE PARM 

      DO J=1,NBSL(ISA)

          ISL=LID(J,ISA)

          IF(Z(ISL,ISA)>=.15)EXIT

      END DO

      XX=LOG10(S15(ISL,ISA))

      WTN=10.**(3.1761-1.6576*((LOG10(SWST(ISL,ISA))-XX)/(LOG10(FC(ISL,&

      ISA))-XX)))

      RETURN

      END






src/TBURN.f90

      SUBROUTINE TBURN

!     APEX1501

!     THIS SUBPROGRAM BURNS ALL STANDING AND FLAT CROP RESIDUE.

      USE PARM 

      LD1=LID(1,ISA)

      X2=1.-PRMT(56)

      WSAX=WSA(ISA)

      ADD=0.

      SUM=0.

      DO J=1,LC

          IF(IDC(J)/=NDC(7).AND.IDC(J)/=NDC(8).AND.IDC(J)/=NDC(10))THEN

              RTO=MIN(.99,STL(J,ISA)/(DM(J,ISA)+1.E-10))

              X1=PRMT(56)*STL(J,ISA) 

              DM(J,ISA)=DM(J,ISA)-X1

              STL(J,ISA)=STL(J,ISA)-X1

              X3=PRMT(56)*UN1(J,ISA)*RTO

              UN1(J,ISA)=UN1(J,ISA)-X3

          END IF

          X5=STD(J,ISA)*PRMT(56)

          STD(J,ISA)=STD(J,ISA)-X5

          ADD=ADD+420.*X5

          STDL(J,ISA)=STDL(J,ISA)*X2

          X1=STDN(J,ISA)*PRMT(56)

          STDN(J,ISA)=MAX(1.E-5,STDN(J,ISA)-X1)

          SUM=SUM+X1+X3

          X1=STDP(J,ISA)*PRMT(56)

          FOP(LD1,ISA)=FOP(LD1,ISA)+X1

          STDP(J,ISA)=STDP(J,ISA)-X1

      END DO

      FOP(LD1,ISA)=FOP(LD1,ISA)+STDOP(ISA)

      RSDM(LD1,ISA)=RSDM(LD1,ISA)*X2

      SMM(11,MO,ISA)=SMM(11,MO,ISA)+SWLT(ISA)

      WLS(LD1,ISA)=WLS(LD1,ISA)*X2

      WLM(LD1,ISA)=WLM(LD1,ISA)*X2

      X1=PRMT(56)*WLSN(LD1,ISA)

      WLSN(LD1,ISA)=WLSN(LD1,ISA)-X1

      X3=PRMT(56)*WLMN(LD1,ISA)

      WLMN(LD1,ISA)=WLMN(LD1,ISA)-X3

      SUM=SUM+X1+X3+STDON(ISA)

      WLSL(LD1,ISA)=WLSL(LD1,ISA)*X2

      X1=PRMT(56)*WLSC(LD1,ISA)

      WLSC(LD1,ISA)=WLSC(LD1,ISA)-X1

      X3=PRMT(56)*WLMC(LD1,ISA)

      WLMC(LD1,ISA)=WLMC(LD1,ISA)-X3

      WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*X2

      WLSLNC(LD1,ISA)=WLSC(LD1,ISA)-WLSLC(LD1,ISA)

      ADD=ADD+X1+X3

      ADD=ADD+WSAX

      SMM(140,MO,ISA)=SMM(140,MO,ISA)+ADD

      VAR(140,ISA)=ADD

      SUM=SUM*WSAX

      SMM(82,MO,ISA)=SMM(82,MO,ISA)+SUM

      VAR(82,ISA)=SUM

      RSD(LD1,ISA)=.001*(WLS(LD1,ISA)+WLM(LD1,ISA))

      SWLT(ISA)=0.

      STDO(ISA)=0.

      STDOK(ISA)=0.

      STDON(ISA)=0.

      STDOP(ISA)=0.

      RETURN

      END






src/TGRAZ.f90

      SUBROUTINE TGRAZ(JRT)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES ANIMAL GRAZING.

      USE PARM 

	  real zz, zz2

	  JRT=0

	  LGZ=1

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

	  YY=0.

      YLN=0.

      YLP=0.

      IOW=IDON(ISA)

	  KOMP(KT(ISA),ISA)=0

	  IF(IHRD<2)THEN

	      X1=RST0(ISA)

	      IHD=IHDM(ISA)

	      GCOW(IHD,ISA)=WSA(ISA)/X1

	      IGZ(ISA)=1

	  ELSE

          DO IHD=1,NHRD(IOW)

              IF(IGZX(IHD,IOW)==ISA)EXIT

          END DO

          IF(IHD>NHRD(IOW))RETURN

          GCOW(IHD,ISA)=NCOW(IHD,IOW)

      END IF

      IF(IHRD==1)IGZ(ISA)=1          

      NGZ(IHD,ISA)=IHD

      IZ=IFED(IHD,IOW)

      IF(IZ==ISA)THEN

          GCOW(IHD,ISA)=GCOW(IHD,ISA)*FFED(IHD,IOW)

      ELSE

          GCOW(IHD,ISA)=GCOW(IHD,ISA)*(1.-FFED(IHD,IOW))

	  END IF

      ! DEMAND  

	  DMD=GCOW(IHD,ISA)*GZRT(IHD,IOW)/(WSA(ISA)*HE(JT1))

      GZLX=GZLM(IHD,ISA)

	  IF(ORHI(JT1)>0.)GZLX=ORHI(JT1)

      GZLX=GZLX*GZRF(ISA)

      IF(AGPM(ISA)<GZLX.OR.GCOW(IHD,ISA)<1.E-5)THEN

          GCOW(IHD,ISA)=0.

          NGZ(IHD,ISA)=0

          IGZ(ISA)=0

          GZRF(ISA)=PRMT(48)

          IF(IHAY>0)THEN

              SPFD(ISA)=DMD*HE(JT1)

              DMD=0.

          ELSE

              RETURN

          END IF    

      ELSE

          GZRF(ISA)=1.

          SPFD(ISA)=0.

	  END IF

	  ! N CONC WEIGHTED FORAGE SUPPLY

      AD2=0.

      DO K=1,NN

          JJ=JE(K,ISA)

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          IF(JJ==MNC)CYCLE

          IF(JP(JJ,ISA)<=0)THEN

              JP(JJ,ISA)=1

              NCR(JJ,ISA)=NCR(JJ,ISA)+1

          END IF

          CNLV(JJ)=MAX(BN(3,JJ),MIN(BN(1,JJ),UN1(JJ,ISA)/((DM(JJ,ISA)+1.E-5)*1000.)))

          GRLV(JJ)=STL(JJ,ISA)*CNLV(JJ)

          GRDD(JJ)=STD(JJ,ISA)*BN(3,JJ)

          AD2=AD2+GRLV(JJ)+GRDD(JJ)

      END DO

      IF(AD2>.01)THEN

          RTO=.001*DMD/AD2

      ELSE

          RTO=0.

      END IF    

      ! CORRECT N WT FORAGE SUPPLY WITH DEMAND

      DO K=1,NN

          IF(IGO(ISA)>0)THEN

              JJ=JE(K,ISA)

              IF(JJ==MNC)CYCLE

          ELSE

              JJ=1

          END IF    

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          GRLV(JJ)=GRLV(JJ)*RTO

          GRDD(JJ)=GRDD(JJ)*RTO

      END DO 

      ! CALCULATE GRAZING YIELD FOR EACH FORAGE           

      DO K=1,NN

          IF(IGO(ISA)>0)THEN

              JJ=JE(K,ISA)

              IF(JJ==MNC)CYCLE

          ELSE

              JJ=1

          END IF    

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.&

          IDC(JJ)==NDC(11))CYCLE

          HUF(JJ,ISA)=MAX(HUF(JJ,ISA),HU(JJ,ISA))

          DMF(JJ,ISA)=DM1(JJ,ISA)

          TRA(JJ,ISA)=SRA(JJ,ISA)+TRA(JJ,ISA)

          IF(RD(JJ,ISA)>RDF(JJ,ISA))RDF(JJ,ISA)=RD(JJ,ISA)

          AJHI(JJ,ISA)=0.

          ! HARVEST INDEX FOR STANDING LIVE

          X1=MIN(GRLV(JJ)/(STL(JJ,ISA)+1.E-5),.9)

          ZZ=MAX(.01,1.-X1)

          ZZ2=ZZ*ZZ*ZZ*ZZ*ZZ

          !ZZ2=ZZ**5

	      CPHT(JJ,ISA)=MAX(.001,CPHT(JJ,ISA)*ZZ2)

          HU(JJ,ISA)=MAX(.1,HU(JJ,ISA)*ZZ)

          SLAI(JJ,ISA)=MAX(.0001,SLAI(JJ,ISA)*ZZ2)

          STD(JJ,ISA)=MAX(.01,STD(JJ,ISA)*ZZ)

          STDO(ISA)=MAX(.01,STDO(ISA)*ZZ)

          ! GRAZING YIELD FOR STANDING LIVE 

          YLD(JJ)=GRLV(JJ)*HE(JT1)

          ! GRAZING YIELD FOR STANDING DEAD

          YLSD=GRDD(JJ)*HE(JT1)

          Y4=GRDD(JJ)*BN(3,JJ)

          Y5=GRDD(JJ)*BP(3,JJ)

          STDN(JJ,ISA)=STDN(JJ,ISA)-Y4

          STDP(JJ,ISA)=STDP(JJ,ISA)-Y5

          X4=MIN(GRLV(JJ)*CNLV(JJ),UN1(JJ,ISA))

          X3=UP1(JJ,ISA)/((DM(JJ,ISA)+.01)*1000.)

          X5=MIN(GRLV(JJ)*X3,UP1(JJ,ISA))

          Z2=YLSD*BN(3,JJ)

          Z3=YLSD*BP(3,JJ)

          YLN=MIN(.9*(UN1(JJ,ISA)+STDN(JJ,ISA)),YLD(JJ)*CNLV(JJ))

          YLP=MIN(.9*(UP1(JJ,ISA)+STDP(JJ,ISA)),YLD(JJ)*X3)

          X11=GRLV(JJ)-YLD(JJ)+GRDD(JJ)-YLSD

          X10=X4-YLN+Y4-Z2

	      JJK=JJ

          CALL NCNSTD(X11,X10,LD1)

          FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5-Z3)

          YY=YLD(JJ)+YLSD

          YLD2(JJ,ISA)=YLD2(JJ,ISA)+YY

          JD(ISA)=JJ

          SRA(JJ,ISA)=0.

          UN1(JJ,ISA)=UN1(JJ,ISA)-X4

          UP1(JJ,ISA)=UP1(JJ,ISA)-X5

          DM(JJ,ISA)=DM(JJ,ISA)-GRLV(JJ)

          IF(DM(JJ,ISA)<RW(JJ,ISA))RW(JJ,ISA)=DM(JJ,ISA)

          STL(JJ,ISA)=DM(JJ,ISA)-RW(JJ,ISA)

          YLN=YLN+Z2

          YLP=YLP+Z3

          YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

          YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

          TYN(ISA)=TYN(ISA)+YLN

          TYP(ISA)=TYP(ISA)+YLP

          Y1=1000.*YLD(JJ)

          Y2=1000.*YLSD

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),29)ISA,NBSA(ISA),IYR,&

          MO,KDA,IOW,IHD,TIL(JT1),CPNM(JD(ISA)),Y1,Y2,AGPM(ISA),STL(JJ,ISA),&

          STD(JJ,ISA),CNLV(JJ),BN(3,JJ),XHSM(ISA)

          IF(KFL(18)>0)THEN

              IF(K==1)THEN

                  X1=SPFD(ISA)

              ELSE

                  X1=0.

              END IF    

              WRITE(KW(18),3)ISA,NBSA(ISA),IYR,MO,KDA,IY,IOW,IHD&

              ,TIL(JT1),CPNM(JD(ISA)),Y1,Y2,X1,AGPM(ISA),STL(JJ,ISA),&

              STD(JJ,ISA),CNLV(JJ),BN(3,JJ)

          END IF    

      END DO 

      SMM(141,MO,ISA)=SMM(141,MO,ISA)+1.         

      RETURN

    3 FORMAT(1X,2I8,1X,6I4,1X,A8,1X,A4,6F10.2,6F10.4)

   29 FORMAT(1X,2I8,1X,3I4,2X,'IDON=',I4,2X,'HRD#=',I3,2X,A8,2X,A4,2X&

      ,'YLD=',F7.2,'kg/ha',2X,'YSD=',F7.2,'kg/ha',2X,'AGPM=',F7.2,'t/ha',&

      2X,'STL=',F7.2,'t/ha',2X,'STD=',F7.2,'t/ha',2X,'CNLV=',F7.4,'g/g',&

      2X,'CNDD=',F7.4,'g/g',2X,'HUSC=',F5.2)

      END






src/THVOR.f90

      SUBROUTINE THVOR(X6,JRT)

!     APEX1501

!     THIS SUBPROGRAM HARVESTS CROPS WITH OVER RIDE HARVEST INDEX--

!     FORAGE(HAY, SILAGE, ETC) AND GRAZING.

      USE PARM 

      JRT=0

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

      YY=0.

      YLK=0.

      YLN=0.

      YLP=0.

      YLR=0.

      YLRN=0.

      YLRP=0.

 	  IOW=IDON(ISA)

      JJ=JJK

      DO

          IF(KGO(JJ,ISA)==0)EXIT

          IF(IDC(JJ)==NDC(7).OR.IDC(JJ)==NDC(8).OR.IDC(JJ)==NDC(10).OR.II==NHC&

          (3))THEN

              IF(JH(IRO(ISA),KT(ISA),ISA)/=KDC(JJ))EXIT

              I1=LYR(IRO(ISA),KT(ISA),ISA)

              IF(IYH(JJ,ISA)<I1.AND.I1/=1)THEN

                  KOMP(KT(ISA),ISA)=0

                  JRT=1

                  RETURN

              END IF

          END IF

          IF(II==NHC(3))THEN

              IF(IHT(JT1,ISA)>0)RETURN

              IHT(JT1,ISA)=1

          END IF

          IF(JP(JJ,ISA)<=0)THEN

              JP(JJ,ISA)=1

              NCR(JJ,ISA)=NCR(JJ,ISA)+1

          END IF

          HUF(JJ,ISA)=MAX(HUF(JJ,ISA),HU(JJ,ISA))

          DMF(JJ,ISA)=DM1(JJ,ISA)

          TRA(JJ,ISA)=SRA(JJ,ISA)+TRA(JJ,ISA)

          IF(RD(JJ,ISA)>RDF(JJ,ISA))RDF(JJ,ISA)=RD(JJ,ISA)

          XX=DM(JJ,ISA)+.001

          X3=RW(JJ,ISA)

          X12=STL(JJ,ISA)

          X2=MAX(.001,UN1(JJ,ISA)/XX)

          X7=X2*.001

          X10=MAX(.0001,UP1(JJ,ISA)/XX)

          X8=STD(JJ,ISA)+STDO(ISA)+1.E-10

          RNR=STDN(JJ,ISA)/X8

          RPR=STDP(JJ,ISA)/X8

          X1=ORHI(JT1)

          HEX=HE(JT1)

          IF(HEX<0.)THEN

              HEX=-HEX

              CRSN=(WLSN(LD1,ISA)+WLMN(LD1,ISA))/RSD(LD1,ISA)

              CRSP=FOP(LD1,ISA)/RSD(LD1,ISA)

              YLR=X1*RSD(LD1,ISA)*HEX 

              YLRN=YLR*CRSN

              YLRP=YLR*CRSP

              FOP(LD1,ISA)=FOP(LD1,ISA)-YLRP

              CALL NCNSTD(-YLR,-YLRN,LD1)

              AJHI(JJ,ISA)=0.

          ELSE

              IF(TLD(JT1)>0.)THEN

                  CALL THVRT(YLSD,X6,X1,X3,JJ,LD1)

                  GO TO 8

              END IF

              IF(II==NHC(22))THEN

                  KOMP(KT(ISA),ISA)=0	

                  IF(AGPM(ISA)<PRMT(79).OR.NMW(ISA)<IMW(ISA))EXIT

                  NMW(ISA)=0

              END IF

          END IF

          ZZ=MAX(.01,1.-X1)

          YZ=X1*X8      

          XZ=X1*X12

          IF(II/=NHC(3))THEN

              IF(IDC(JJ)/=NDC(7).AND.IDC(JJ)/=NDC(8).AND.IDC(JJ)/=NDC(10))THEN

                  CPHT(JJ,ISA)=MAX(.001,CPHT(JJ,ISA)*ZZ)

                  HU(JJ,ISA)=MAX(.1,HU(JJ,ISA)*ZZ)

                  SLAI(JJ,ISA)=MAX(.01,SLAI(JJ,ISA)*ZZ)

              END IF

          END IF

          STD(JJ,ISA)=MAX(.01,STD(JJ,ISA)*ZZ)

          STDO(ISA)=MAX(.01,STDO(ISA)*ZZ)

          YLD(JJ)=XZ*HEX

          YLSD=YZ*HEX

          Y4=YZ*RNR

          Y5=YZ*RPR

          STDN(JJ,ISA)=MAX(1.E-10,STDN(JJ,ISA)-Y4)

          STDP(JJ,ISA)=MAX(1.E-10,STDP(JJ,ISA)-Y5)

          X4=MIN(XZ*X2,UN1(JJ,ISA))

          X5=MIN(XZ*X3,UP1(JJ,ISA))

          Z2=YLSD*RNR

          Z3=YLSD*RPR

          YLN=MIN(.9*(UN1(JJ,ISA)+STDN(JJ,ISA)),YLD(JJ)*X2)

          YLP=MIN(.9*(UP1(JJ,ISA)+STDP(JJ,ISA)),YLD(JJ)*X3)

          X11=XZ-YLD(JJ)+YZ-YLSD

          X10=X4-YLN+Y4-Z2

          JJK=JJ

          CALL NCNSTD(X11,X10,LD1)

          FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5-Z3)

          YY=YLD(JJ)+YLSD+YLR

          YLD2(JJ,ISA)=YLD2(JJ,ISA)+YY

          JD(ISA)=JJ

          SRA(JJ,ISA)=0.

          UN1(JJ,ISA)=UN1(JJ,ISA)-X4

          UP1(JJ,ISA)=UP1(JJ,ISA)-X5

          DM(JJ,ISA)=DM(JJ,ISA)-XZ

          IF(DM(JJK,ISA)<RW(JJK,ISA))RW(JJK,ISA)=DM(JJK,ISA)

          STL(JJ,ISA)=DM(JJ,ISA)-RW(JJ,ISA)

          YLN=YLN+Z2+YLRN

          YLP=YLP+Z3+YLRP

          YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

          YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

          IYH(JJ,ISA)=0

        8 TYN(ISA)=TYN(ISA)+YLN

          TYP(ISA)=TYP(ISA)+YLP

          TYK(ISA)=TYK(ISA)+YLK

          IF(NOP>0.OR.NBSA(ISA)==ISAP)WRITE(KW(1),7)ISA,NBSA(ISA),IYR,MO,KDA,TIL&

          (JT1),CPNM(JD(ISA)),YLD(JJ),YLSD,AGPM(ISA),X12,X3,X1,X7,XHSM(ISA),YLN,YLP

          EXIT

      END DO    

      RETURN

    3 FORMAT(1X,2I8,1X,I4,2I2,3I4,1X,A8,1X,A4,6F8.4)

    7 FORMAT(1X,2I8,1X,3I4,2X,A8,2X,A4,2X,'YLD=',F7.2,'t/ha',2X,'YSD=',&

      F7.2,'t/ha',2X,'AGPM=',F7.2,'t/ha',2X,'STL=',F7.2,'t/ha',2X'RWT=',&

      F7.2,'t/ha',2X,'HI=',F7.3,2X,'NCN=',F7.3,'G/G',2X,'HUSC=',F5.2,2X,&

      'YLN=',F5.0,'kg/ha',2X,'YLP=',F5.0,'kg/ha')

      END






src/THVRT.f90

      SUBROUTINE THVRT(YLSD,X6,X1,X3,JJ,LD1)

!     APEX1501

!     THIS SUBPROGRAM HARVESTS ROOT CROPS.

      USE PARM 

      JD=JJ

      LD1=LID(1,ISA)

      YLSD=0.

	  X1=ORHI(JT1)

	  XX=DM(JJ,ISA)

      XZ=X1*X3

      YY=XZ*HE(JT1)*X6

      X12=UN1(JJ,ISA)/XX

      X13=UP1(JJ,ISA)/XX

      X9=.9*STL(JJ,ISA)

	  X10=X12*X9

	  AD1=X10

	  JJK=JJ

	  CALL NCNSTD(X9,X10,LD1)

      U2=X13*X9 

	  AD2=U2

	  FOP(LD1,ISA)=FOP(LD1,ISA)+U2

      YLN=YY*X12

      YLP=YY*X13

	  XX=X1*(1.-HE(JT1))

	  RW(JJ,ISA)=0.

	  DO J=1,LRD(ISA)

          ISL=LID(J,ISA)

          X11=RWT(ISL,JJ,ISA)*XX

	      RWT(ISL,JJ,ISA)=RWT(ISL,JJ,ISA)*(1.-X1)

	      X10=X11*X12

	      AD1=AD1+X10

	      JJK=JJ

	      CALL NCNSTD(X11,X10,ISL)

          U2=X11*X13

	      AD2=AD2+U2 

          FOP(ISL,ISA)=FOP(ISL,ISA)+U2

          RW(JJ,ISA)=RW(JJ,ISA)+RWT(ISL,JJ,ISA)

      END DO

      YLD(JJ)=YY

      YLD1(JJ,ISA)=YY

      YLNF(JJ,ISA)=YLNF(JJ,ISA)+YLN

      YLPF(JJ,ISA)=YLPF(JJ,ISA)+YLP

	  STL(JJ,ISA)=STL(JJ,ISA)-X9

	  DM(JJ,ISA)=RW(JJ,ISA)+STL(JJ,ISA)

      UN1(JJ,ISA)=UN1(JJ,ISA)-YLN-AD1

!	TOT=TOT+UN1(JJK)

      UP1(JJ,ISA)=UP1(JJ,ISA)-YLP-AD2

	  HU(JJ,ISA)=HU(JJ,ISA)*.1

      SLAI(JJ,ISA)=.05

      RETURN

      END






src/TILTBL.f90

      SUBROUTINE TILTBL

!     APEX1501

!     THIS SUBPROGRAM READS EQUIPMENT TABLE TO DETERMINE PARAMETERS OF

!     INPUT OPERATIONS AND COMPUTES OPERATION COSTS(EQUIPMENT + TRACTOR)

      USE PARM 

      CHARACTER(4)PCAT,PCD

      CHARACTER(8)TILX

      DIMENSION YTP(14),PCAT(5)

      DATA PCAT/'POWE','NON ','SELF','IRRI','CUST'/

      IF(NDT>0)THEN

          DO L=1,MXT

              IF(NBE(L)/=JX(4).OR.NBT(L)/=JX(5))CYCLE

              NDT=L

              RETURN

          END DO

      END IF

      NDT=MXT+1

      MXT=NDT

      NBE(NDT)=JX(4)

      NBT(NDT)=JX(5)

      NN=JX(4)

      JJ=JX(4)

      COTL(NDT)=0.

      COOP(NDT)=0.

      DO J=1,2

          READ(KR(3),25)TILX

          READ(KR(3),25)TILX

          ! READ EQUIPMENT DATA TABLE

          ! TIL  = EQUIPMENT NAME

          ! PCD  = POWER CODE

          ! 1  PRIC = PURCHASE PRICE($)--EXCEPTION CUSTOM = COST($/ha)

          ! 2  XLP  = INITIAL LIST PRICE IN CURRENT($)

          ! 3  HRY  = ANNUAL USE(h)

          ! 4  HRL  = LIFE OF EQUIP(h)

          ! 5  PWR  = POWER OF UNIT(KW)

          ! 6  WDT  = WIDTH OF PASS(m)

          ! 7  SPD  = OPERATING SPEED(KM/H)

          ! 8  RC1  = REPAIR COST COEF 1

          ! 9  RC2  = REPAIR COST COEF 2

          !10  XLB  = LUBRICANT FACTOR

          !11  FCM  = FUEL CONSUMPTION MULTIPLIER

          !12  RFV1 = REMAINING FARM VALUE PARM 1

          !13  RFV2 = REMAINING FARM VALUE PARM 2

          !14  EFM  = MACHINE EFFICIENCY

          !15  RTI  = ANNUAL REAL INTEREST RATE($/$)

          !16  EMX  = MIXING EFFICIENCY (0-1)

          !17  RR   = RANDOM SURFACE ROUGHNESS CREATED BY TILLAGE OPERATION (mm)

          !18  TLD  = TILLAGE DEPTH(mm)

          !19  RHT  = RIDGE HEIGHT (mm)

          !20  RIN  = RIDGE INTERVAL (m)

          !21  DKH  = HEIGHT OF FURROW DIKES (mm) (BLANK IF DIKES NOT USED)

          !22  DKI  = DISTANCE BETWEEN FURROW DIKES (m)(BLANK IF DIKES NOT USED

          !23  IHC  = OPERATION CODE

          !           1 = KILL CROP

          !           2 = HARVEST WITHOUT KILL

          !           3 = HARVEST ONCE DURING SIMULATION WITHOUT KILL

          !           4 =

          !           5 = PLANT IN ROWS

          !           6 = PLANT WITH DRILL

          !           7 = APPLY PESTICIDE

          !           8 = IRRIGATE

          !           9 = FERTILIZE

          !          10 = BAGGING & TIES (COTTON)

          !          11 = GINNING

          !          12 = HAULING

          !          13 = DRYING

          !          14 = BURN

          !          15 = PUDDLE

          !          16 = DESTROY PUDDLE

          !          17 = BUILDS FURROW DIKES

          !          18 = DESTROYS FURROW DIKES

          !          19 = START GRAZING

          !          20 = STOP GRAZING

          !          21 = SCRAPE MANURE FROM PENS

          !          22 = AUTO MOW

          !          23 = PLASTIC COVER

          !          24 = REMOVE PLASTIC COVER    

          !          25 = STOP DRAINAGE SYSTEM FLOW

          !          26 = RESUME DRAINAGE FLOW

          !          27 = ADD MULCH

          !24  HE   = HARVEST EFFICIENCY(0-1)

          !         = PESTICIDE APPLICATION EFFICIENCY

          !25  ORHI = OVER RIDES SIMULATED HI 

          !         = GRAZING LIMIT--MINIMUM ABOVE GROUND PLANT MATERIAL(t/ha)

          !           OVER RIDES GZL0 AND GZLM 

          !26  FRCP = FRACTION OF SOIL COMPACTED(TIRE WIDTH/TILLAGE WIDTH)

          !27  FPOP = FRACTION PLANT POPULATION REDUCED BY OPERATION

          !28  TCEM = CARBON EMISSION(kg/ha)

          !29  STIR = NRCS STIR VALUE

          J2=-1

          DO WHILE(J2/=JJ)

              READ(KR(3),18,IOSTAT=NFL)J2,TILX,PCD,PRIC,XLP,HRY,HRL,PWR,WDT,SPD,&

              RC1,RC2,XLB,FCM,RFV1,RFV2,EFM(NDT),RTI,(YTP(L),L=1,14)

              IF(NFL/=0)THEN

                  WRITE(*,*)'TILLAGE NO = ',JJ,' NOT IN TILL FILE     &

                  SAID = ',NBSA(ISA)

                  STOP

              END IF

          END DO

          IF(J==1)THEN

              WDTE=WDT

              SPDE=SPD

	          EFME=EFM(NDT)      

              TIL(NDT)=TILX

              EMX(NDT)=YTP(1)

              RR(NDT)=YTP(2)

              TLD(NDT)=YTP(3)*.001

              RHT(NDT)=YTP(4)

              RIN(NDT)=YTP(5)

              DKH(NDT)=YTP(6)

              DKI(NDT)=YTP(7)

              IHC(NDT)=YTP(8)

	          HE(NDT)=YTP(9)

              ORHI(NDT)=YTP(10)

              FRCP(NDT)=YTP(11)

              FPOP(NDT)=YTP(12)

              STIR(NDT)=YTP(14)

              JJ=JX(5)

	          IF(IHC(NDT)==NHC(17))THEN

                  RHTT=RHT(NDT)

	              RGIN=RIN(NDT)

	          END IF

              IF(IHC(NDT)==NHC(22))HMO(NDT)=-TLD(NDT)

	          IF(IHC(NDT)==NHC(23))THEN

	              PALB=RR(NDT)

	              FCV=EFM(NDT)

	          END IF

	      END IF

          IF(HRY<1.E-10)THEN

              IF(PCD==PCAT(5))THEN

                  COTL(NDT)=PRIC-XLP

                  COOP(NDT)=PRIC-XLP

                  ICUS(NDT)=1

              END IF

              REWIND KR(3)

              RETURN

          END IF

          YR=MIN(30.,HRL/HRY)

          IF(NBYR>1.AND.NSTP==0.AND.RTI>0.)THEN

              X1=(1.+RTI)**YR

              AMF=RTI*X1/(X1-1.+1.E-10)

          ELSE

              AMF=1./YR

          END IF

          SALV=RFV1*XLP*RFV2**YR

          CSTA=AMF*(PRIC-SALV)/HRY

          CSTI=RTI*SALV/HRY

          CSTO=CSTA+CSTI

          TAR=XLP*RC1*(.001*HRL)**RC2/HRL

          FULU(NDT)=FCM*PWR

          CSFU=FULU(NDT)*FULP

          DO I=1,4

              IF(PCD==PCAT(I))EXIT

          END DO

          K=0 

          SELECT CASE(I)

	          CASE(1)

	              FLAB=1.1

	          CASE(2)

	              IF(NBT(NDT)==0)THEN

	                  COTL(NDT)=CSTO+TAR

                      COOP(NDT)=TAR

	                  K=1

	              ELSE

                      FLAB=.08

	              END IF

	          CASE(3)

	              FLAB=1.2

	          CASE(4)

	              COTL(NDT)=CSTO+TAR

                  COOP(NDT)=TAR

	              K=1

              CASE DEFAULT

                  K=1	              

	      END SELECT

	      IF(K==0)THEN

              CSTW=WAGE*FLAB

              TOCS=TAR+(1.+XLB)*CSFU+CSTW

              X1=SPDE*WDTE*EFME

              IF(X1<1.E-5)X1=5.

              CAPM=10./X1

              COOP(NDT)=TOCS*CAPM+COOP(NDT)

              TOCS=TOCS+CSTO

              COTL(NDT)=TOCS*CAPM+COTL(NDT)

	          FULU(NDT)=CAPM*FULU(NDT)

	      END IF

	      NN=JX(5)

          REWIND KR(3)

          IF(NN==0)RETURN

      END DO          

      RETURN

   18 FORMAT(1X,I4,1X,A8,1X,A4,29F8.0)

   25 FORMAT(A8)

      END






src/TLOP.f90

      SUBROUTINE TLOP(CSTX,COX,JRT)

!     APEX1501

!     THIS SUBPROGRAM CONTROLS ALL TILLAGE OPERATIONS INCLUDING PLANTING

!     & HARVESTING.

      USE PARM 

      FNPP(X)=DMLA(JJK)*X/(X+EXP(PPCF(1,JJK)-PPCF(2,JJK)*X))

      JRT=0

      II=IHC(JT1)

      LD1=LID(1,ISA)

      NN=NCP(IRO(ISA),ISA)

      N1=MAX(1,NN)

      WSAX=WSA(ISA)

      X1=CND(IRO(ISA),KT(ISA),ISA)

      IF(ABS(X1-CN0(ISA))>0.)THEN

          X2=SMX(ISA)

          CALL HCNSLP(X1,X3)

          CN0(ISA)=X1

          CN2(ISA)=X1

          SCI(ISA)=SMX(ISA)*SCI(ISA)/X2

      END IF

      SELECT CASE(II)

          CASE(1,2,3,19,22)

              GO TO 10

          CASE(5)

              IDRL(ISA)=0

          CASE(6)

              IDRL(ISA)=1

          CASE(7,8)

              GO TO 57

          CASE(10)

              CSTX=-CSTX*YLD1(JJK,ISA)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(11)

              CSTX=-CSTX*YLD(JJK)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(12,13)

              IF(ICUS(JT1)==0)GO TO 57

              CSTX=-CSTX*YLD(JJK)/(1.-WCY(JJK))

              COX=CSTX

              GO TO 57

          CASE(14)

              CALL TBURN

              GO TO 7

          CASE(15) !Puddle paddy fields Jaehak Jeong 2016 paddy

	          SATC(LID(2,ISA),ISA)=PRMT(39)

              GO TO 57

          CASE(16) !Destroy Puddle Jaehak Jeong 2016 paddy

              SATC(LID(2,ISA),ISA)=SATK(ISA)

              GO TO 57

          CASE(21)

              KOMP(KT(ISA),ISA)=0

              ISCP(ISA)=ISCP(ISA)+1

              IF(ISCP(ISA)<MSCP)THEN

                  JRT=1

                  RETURN

              END IF

              ISCP(ISA)=0

              XX=1.-ORHI(JT1)

              X4=RSDM(LD1,ISA)*ORHI(JT1)

              RSDM(LD1,ISA)=RSDM(LD1,ISA)-X4

              X1=WCMU(LD1,ISA)*ORHI(JT1)

              WCMU(LD1,ISA)=WCMU(LD1,ISA)-X1

              X2=WCOU(LD1,ISA)*ORHI(JT1)

              WCOU(LD1,ISA)=WCOU(LD1,ISA)-X2

              X6=WNOU(LD1,ISA)*ORHI(JT1)

              WNOU(LD1,ISA)=WNOU(LD1,ISA)-X6

              X7=WNMU(LD1,ISA)*ORHI(JT1)

              WNMU(LD1,ISA)=WNMU(LD1,ISA)-X7

              WLM(LD1,ISA)=WLM(LD1,ISA)*XX

              WLS(LD1,ISA)=WLS(LD1,ISA)*XX

	          WLSL(LD1,ISA)=WLSL(LD1,ISA)*XX

              X2=WLMC(LD1,ISA)*ORHI(JT1)

              WLMC(LD1,ISA)=WLMC(LD1,ISA)-X2

              X1=WLSC(LD1,ISA)*ORHI(JT1)

              WLSC(LD1,ISA)=WLSC(LD1,ISA)-X1

              X101=WSAX*(X1+X2)

              SMM(101,MO,ISA)=SMM(101,MO,ISA)+X101

              VAR(101,ISA)=X101

              WLSLC(LD1,ISA)=WLSLC(LD1,ISA)*XX

              WLSLNC(LD1,ISA)=WLSLNC(LD1,ISA)*XX

              X2=ORHI(JT1)*WNO3(LD1,ISA)

              X3=ORHI(JT1)*WNH3(LD1,ISA)

              WNO3(LD1,ISA)=MAX(1.E-5,WNO3(LD1,ISA)-X2)

              WNH3(LD1,ISA)=WNH3(LD1,ISA)-X3

              X1=ORHI(JT1)*WLMN(LD1,ISA)

              X5=ORHI(JT1)*WLSN(LD1,ISA)

              WLMN(LD1,ISA)=WLMN(LD1,ISA)-X1

              WLSN(LD1,ISA)=WLSN(LD1,ISA)-X5

              X9=WSAX*(X1+X2+X3+X5+X6+X7)

              SMM(89,MO,ISA)=SMM(89,MO,ISA)+X9

              VAR(89,ISA)=X9

              X3=WPOU(LD1,ISA)*ORHI(JT1)

              WPOU(LD1,ISA)=WPOU(LD1,ISA)-X3

              X1=ORHI(JT1)*FOP(LD1,ISA)

              FOP(LD1,ISA)=FOP(LD1,ISA)-X1

              X2=ORHI(JT1)*WPML(LD1,ISA)

              WPML(LD1,ISA)=WPML(LD1,ISA)-X2

              X5=WPMU(LD1,ISA)*ORHI(JT1)

              WPMU(LD1,ISA)=WPMU(LD1,ISA)-X5

              X90=WSAX*(X1+X2+X3+X5)

              SMM(90,MO,ISA)=SMM(90,MO,ISA)+X90

              VAR(90,ISA)=X90

              X1=ORHI(JT1)*SOLK(LD1,ISA)

              SOLK(LD1,ISA)=SOLK(LD1,ISA)-X1

              X2=ORHI(JT1)*EXCK(LD1,I)

              EXCK(LD1,I)=EXCK(LD1,I)-X2

              X3=ORHI(JT1)*FIXK(LD1,I)

              FIXK(LD1,I)=FIXK(LD1,I)-X3

              SMM(153,MO,ISA)=SMM(153,MO,ISA)+X1+X2+X3

              VAR(153,ISA)=X1+X2+X3

              SMNU(IDON(ISA))=SMNU(IDON(ISA))+X4*WSAX

              IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),44)ISA,&

              NBSA(ISA),IYR,MO,KDA,TIL(JT1),X4,ORHI(JT1),RSD(LD1,ISA),&

              RSDM(LD1,ISA),SMNU(IDON(ISA)),XHSM(ISA)

              RETURN

          CASE(23)

              ICV=1

              GO TO 57

          CASE(24)

              ICV=0

              GO TO 57

          CASE(27)

              CALL NMULCH(KT(ISA))

              RETURN

          CASE DEFAULT

              GO TO 6

      END SELECT

      ISL=LID(2,ISA)

      DO K=1,NN

          I2=LY(IRO(ISA),K,ISA)

          IF(JH(IRO(ISA),KT(ISA),ISA)==KDC(I2))EXIT

      END DO

      IF(K>NN.OR.KGO(I2,ISA)>0)GO TO 26

      ZX=0.

      DO I=1,NBSL(ISA)

          ISL=LID(I,ISA)

          Z1=Z(ISL,ISA)

          ZZ=.5*(ZX+Z1)

          IF(ZZ>=.075)EXIT

   	      ZX=Z1 

      END DO

      IF(I>NBSL(ISA))THEN

          ISL=LID(NBSL(ISA),ISA)

          LRD(ISA)=NBSL(ISA)

      ELSE

          LRD(ISA)=I

      END IF

      IF(STMP(ISL,ISA)<TBSC(I2)+2.)THEN

          KOMP(KT(ISA),ISA)=0

          JRT=1

          RETURN 

      END IF

      AWC(JJK,ISA)=RZSW(ISA)

      IGO(ISA)=IGO(ISA)+1

!	  TCPA(I2)=TCPA(I2)+WSA(ISA)

	  KC(ISA)=1

      DO K=1,NN

          IF(JE(K,ISA)>=MNC)EXIT

      END DO

      KC(ISA)=MIN(K,NN)

      JE(KC(ISA),ISA)=I2

      JJK=I2

      KGO(JJK,ISA)=I2

      JP(JJK,ISA)=0

	  IYH(JJK,ISA)=1

      SWH(JJK,ISA)=0.

      SWP(JJK,ISA)=0.

      ACET(JJK,ISA)=0.

      XDLAI(JJK)=DLAI(JJK)

      IF(PADDY_STO(1,ISA)>=.1.AND.PADDY_HWEIR(ISA)>0)THEN

          SLAI(JJK,ISA)=LAI_INIT

          BIR(ISA)=0.

      END IF    

	  IF(CPNM(JJK)=='FALW')NCR(JJK,ISA)=NCR(JJK,ISA)+1

      WCYD=.3

      STDO(ISA)=STDO(ISA)+STD(JJK,ISA)

      STDON(ISA)=STDON(ISA)+STDN(JJK,ISA)

      STDOP(ISA)=STDOP(ISA)+STDP(JJK,ISA)

      STD(JJK,ISA)=0.

      STDN(JJK,ISA)=0.

      STDP(JJK,ISA)=0.

      STDK(JJK,ISA)=0.

      STDL(JJK,ISA)=0.

      RD(JJK,ISA)=TLD(JT1)

      HU(JJK,ISA)=0.

      DM(JJK,ISA)=SDW(JJK)*5.E-4

      DM1(JJK,ISA)=DM(JJK,ISA)

      RW(JJK,ISA)=.4*DM(JJK,ISA)

      RWT(ISL,JJK,ISA)=RW(JJK,ISA)

      ROSP(ISA)=RIN(JT1)

      PPL0(JJK,ISA)=POP(JJK,IHU(JJK,ISA),ISA)

      XLAI(JJK,ISA)=FNPP(PPL0(JJK,ISA))

      DMLX(JJK)=XLAI(JJK,ISA)

	  X1=SDW(JJK)*CSTS(JJK)

      COST(ISA)=COST(ISA)+X1

      LRD(ISA)=MAX(2,LRD(ISA))

      JPL(JJK,ISA)=1

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),32)ISA,&

      NBSA(ISA),IYR,MO,KDA,CPNM(JJK),CV(ISA)

      IF(KFL(31)>0)WRITE(KW(31),49)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JT1),&

      KDC(JJK),II,NBE(JT1),NBT(JT1),X1,X1,SDW(JJK)

    6 EE=EMX(JT1)

      IF(II==NHC(19))THEN

          DO IHD=1,NHRD(IOW)

              IF(IGZX(IHD,IOW)==ISA)EXIT

          END DO

          IF(IHD<=NHRD(IOW))EE=EE*GCOW(IHD,ISA)/WSAX

      END IF

      PPL0(JJK,ISA)=(1.-FPOP(JT1))*PPL0(JJK,ISA)

      XLAI(JJK,ISA)=FNPP(PPL0(JJK,ISA))

      DMLX(JJK)=XLAI(JJK,ISA)

      DMX=TLD(JT1)

      !Mix soil properties in flooded/dry paddy fields Jaehak Jeong 2016

      IF(PADDY_STO(1,ISA)>=.1)THEN

          CALL TMIX_FLOODED(EE,DMX,0,0) 

      ELSE

          CALL TMIX(EE,DMX,0,0)

      ENDIF     

	  IF(DMX>BIG(ISA))TLD(JT1)=BIG(ISA)

      IF(II==NHC(22).OR.II==NHC(19))GO TO 26

	  IF(II==NHC(15))THEN

	      SATC(LID(2,ISA),ISA)=PRMT(39)

	  ELSE

	      IF(II==NHC(16))SATC(LID(2,ISA),ISA)=SATK(ISA)

      END IF

   57 IF(IDR(ISA)>0)THEN

          IF(II==NHC(25))THEN

              HCL(IDR(ISA),ISA)=HCLN(ISA)

          ELSE

              IF(II==NHC(26))HCL(IDR(ISA),ISA)=HCLD(ISA)

          END IF

      END IF

      IF(KFL(31)>0)WRITE(KW(31),50)ISA,NBSA(ISA),IYR,MO,KDA,TIL(JT1),&

      KDC(JJK),II,NBE(JT1),NBT(JT1),CSTX,COX,FULU(JT1)

      SMFU(ISA)=SMFU(ISA)+FULU(JT1)

      SMST(ISA)=SMST(ISA)+STIR(JT1)

    7 XX=TLD(JT1)*1000.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),28)ISA,&

      NBSA(ISA),IYR,MO,KDA,TIL(JT1),XX,XHSM(ISA)

      IF(II/=NHC(17).AND.II/=NHC(18))GO TO 26

      IF(II/=NHC(18))THEN

          DHT(ISA)=DKH(JT1)

          DKHL(ISA)=DHT(ISA)

          DKIN(ISA)=DKI(JT1)

          IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),30)ISA,&

          NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

          GO TO 26

      END IF

      DHT(ISA)=0.

      DKHL(ISA)=0.

      IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),30)ISA,&

      NBSA(ISA),IYR,MO,KDA,DHT(ISA),DKIN(ISA),XHSM(ISA)

      GO TO 26

   10 CALL PESTF

      X6=PSTF(ISA)

      TPSF(ISA)=TPSF(ISA)+X6

      NPSF(ISA)=NPSF(ISA)+1

      IF(II==NHC(19).AND.LGZ==0)THEN

          RST0(ISA)=RSTK(IRO(ISA),KT(ISA),ISA)

          CALL TGRAZ(JRT)

          IF(JRT==0)GO TO 6

          RETURN

      END IF

      IF(ORHI(JT1)>0..OR.II==NHC(22))THEN

          CALL THVOR(X6,JRT)

	      IF(JRT==0)GO TO 6

	      RETURN

	  END IF

      DO K=1,LC

          J1=JE(K,ISA)

          IF(KGO(J1,ISA)==0)CYCLE

          IF(JH(IRO(ISA),KT(ISA),ISA)==KDC(J1))EXIT

      END DO

      IF(K>LC)THEN

           CSTX=0.

           COX=0.

           JRT=1

           RETURN 

      ELSE

          JJK=JE(K,ISA)

          DMF(JJK,ISA)=DM1(JJK,ISA)

          IF(JP(JJK,ISA)==0)THEN

              JP(JJK,ISA)=1

              NCR(JJK,ISA)=NCR(JJK,ISA)+1

          END IF

          IF(II/=NHC(1))THEN

              HUF(JJK,ISA)=MAX(HUF(JJK,ISA),HU(JJK,ISA))

              TRA(JJK,ISA)=SRA(JJK,ISA)+TRA(JJK,ISA)

              IF(RD(JJK,ISA)>RDF(JJK,ISA))RDF(JJK,ISA)=RD(JJK,ISA)

              XX=DM(JJK,ISA)+.001

              X2=UN1(JJK,ISA)/XX

              X7=X2*.001

              X3=UP1(JJK,ISA)/XX

              XX=STD(JJK,ISA)+1.E-10

              RNR=STDN(JJK,ISA)/XX

              RPR=STDP(JJK,ISA)/XX

              RKR=STDK(JJK,ISA)/XX

              STDL(JJK,ISA)=CLG(ISA)*XX

              RLR=STDL(JJK,ISA)/XX

              XX=100.*SWH(JJK,ISA)/(SWP(JJK,ISA)+1.E-5)

              IF(SCLM(10)>0.)XX=MIN(XX,SCLM(10))

              FWS=XX/(XX+EXP(SCRP(10,1)-SCRP(10,2)*XX))

              !FNS=1.-SFCP(2,JJK,ISA)/REAL(NGD(JJK,ISA))

              XX=MAX(AJHI(JJK,ISA)-WSYF(JJK),0.)

              FT=MAX(.1,1.+PRMT(81)*(IYR-2000))

              X1=MIN(FWS*XX+WSYF(JJK),.9*DM(JJK,ISA)/(STL(JJK,ISA)+1.E-10))*FT

              X1=MAX(X1,WSYF(JJK))

              X2=1000.*CNY(JJK)*(X7/BN(3,JJK))**.1

              X3=1000.*CPY(JJK)*(.001*X3/BP(3,JJK))**.1

              X8=1000.*CKY(JJK)

              XZ=X1*STL(JJK,ISA)

              YZ=X1*STD(JJK,ISA)

              ZZ=MAX(.01,1.-X1)

              CPHT(JJK,ISA)=CPHT(JJK,ISA)*ZZ

              HU(JJK,ISA)=MAX(.1,HU(JJK,ISA)*ZZ)

              SLAI(JJK,ISA)=SLAI(JJK,ISA)*ZZ

              STL(JJK,ISA)=STL(JJK,ISA)*ZZ

              STD(JJK,ISA)=STD(JJK,ISA)*ZZ

              STDL(JJK,ISA)=STDL(JJK,ISA)*ZZ

              YLD(JJK)=XZ*HE(JT1)*X6

              YLSD=YZ*HE(JT1)

              Y4=YZ*RNR

              Y5=YZ*RPR

              Y6=YZ*RKR

              STDN(JJK,ISA)=MAX(1.E-10,STDN(JJK,ISA)-Y4)

              STDP(JJK,ISA)=MAX(1.E-10,STDP(JJK,ISA)-Y5)

              STDK(JJK,ISA)=MAX(1.E-10,STDK(JJK,ISA)-Y6)

              STDL(JJK,ISA)=MAX(STDL(JJK,ISA)-YZ*RLR,.1*STD(JJK,ISA))

              X4=MIN(XZ*X2,UN1(JJK,ISA))

              X5=MIN(XZ*X3,UP1(JJK,ISA))

              X11=XZ-YLD(JJK)+YZ-YLSD

              Z2=YLSD*RNR

              Z3=YLSD*RPR

              Z4=YLSD*RKR

              YLN=MIN(.9*(UN1(JJK,ISA)+STDN(JJK,ISA)),YLD(JJK)*X2+Z2)

              YLP=MIN(.9*(UP1(JJK,ISA)+STDP(JJK,ISA)),YLD(JJK)*X3+Z3)

              YLK=MIN(.9*(UK1(JJK,ISA)+STDK(JJK,ISA)),YLD(JJK)*X8+Z4)

              X10=X4-YLN+Y4

              CALL NCNSTD(X11,X10,LD1)

              FOP(LD1,ISA)=MAX(.01,FOP(LD1,ISA)+X5-YLP+Y5)

              YY=YLD(JJK)+YLSD

              YLD(JJK)=YY

	          IF(IDC(JJK)/=NDC(9))THEN

                  YLD1(JJK,ISA)=YLD1(JJK,ISA)+YY

              ELSE

                  YLD1(JJK,ISA)=YLD1(JJK,ISA)+FTO(JJK)*YY

                  YLD2(JJK,ISA)=YLD2(JJK,ISA)+YLD1(JJK,ISA)*(1./FLT(JJK)-1.)

              END IF

              X2=DM(JJK,ISA)

              X3=RW(JJK,ISA)

              JD(ISA)=JJK

              SRA(JJK,ISA)=0.

              UN1(JJK,ISA)=UN1(JJK,ISA)-X4

              UP1(JJK,ISA)=UP1(JJK,ISA)-X5

              DM(JJK,ISA)=DM(JJK,ISA)-XZ

              YLNF(JJK,ISA)=YLNF(JJK,ISA)+YLN

              YLPF(JJK,ISA)=YLPF(JJK,ISA)+YLP

              YLKF(JJK,ISA)=YLKF(JJK,ISA)+YLK

              TYN(ISA)=TYN(ISA)+YLN

              TYP(ISA)=TYP(ISA)+YLP

              TYK(ISA)=TYK(ISA)+YLK

	          IF(ICUS(JT1)/=0.AND.CSTX<1.E-10)THEN

                  CSTX=-CSTX*YLD(JJK)

                  COX=CSTX

              END IF

              IF((NOP>0.OR.NBSA(ISA)==ISAP).AND.KFL(1)>0)WRITE(KW(1),29)ISA,&

              NBSA(ISA),IYR,MO,KDA,TIL(JT1),CPNM(JD(ISA)),YY,X2,X3,X1,X6,X7,XHSM(ISA),AJHI(JJK,ISA)

          ELSE

              IF(IPD==5)THEN

                  CALL SPRNT

                  IF(KFL(1)>0)THEN

                      WRITE(KW(1),31)

                      CALL SOLIOP

                      CALL SOLIOC

                  END IF    

              END IF

              IF(IDC(JJK)==NDC(7).OR.IDC(JJK)==NDC(8).OR.IDC(JJK)==NDC(10))THEN

                  I1=LYR(IRO(ISA),KT(ISA),ISA)

                  IF(IYH(JJK,ISA)/=I1.AND.I1/=1)THEN

                      KOMP(KT(ISA),ISA)=0

                      JRT=1

                      RETURN

                  END IF

              END IF    

              CALL TRDST

          END IF

          GO TO 6

      END IF    

   !26 XX=1.

      !DO J=1,NBSL(ISA)

          !ISL=LID(J,ISA)

          !BDU=1.6+.005*SAN(ISL,ISA)

          !X2=100.*Z(ISL,ISA)

          !IF(X2>20.)THEN

              !X1=0.

          !ELSE

              !X1=EXP(-X2)

          !END IF

          !BDP(ISL,ISA)=BDP(ISL,ISA)+(BDU-BDP(ISL,ISA))*FRCP(JT1)*.5*(X1+XX)

          !XX=X1

      !END DO

   26 RETURN

   28 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,'DPTH = ',F7.0,' mm',2X,'HUSC = ',F6.2)

   29 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,A4,2X,'YLD=',F6.2,'t/ha',2X,&

      'BIOM=',F6.2,'t/ha',2X,'RW=',F5.2,'t/ha',2X,'HI=',F6.2,2X,'PSTF=',&

      F5.2,2X,'NCN=',F6.3,'G/G',2X,'HUSC=',F5.2,2X,'AJHI=',F6.3)

   30 FORMAT(1X,2I8,1X,I4,2I2,2X,'DKH = ',F6.0,' mm',3X,'DKI = ',F7.2,&

      ' m',2X,'HUSC= ',F5.2)

   31 FORMAT(T5,'SOIL DATA')

   32 FORMAT(1X,2I8,1X,I4,2I2,2X,A4,2X,'RSD = ',F5.1,'t')

   44 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,2X,'MNU SCRP=',F8.2,'t',2X,'SCRP EF=&

      ',F6.3,2X,'RSD REMAIN=',E13.5,'t/ha',2X,'MNU REMAIN=',E13.5,'t/ha'&

      ,2X,'MNU STK PL=',E13.5,'t',2X,'HUSC=',F5.2)

   49 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,F10.2,10X,3F10.2)

   50 FORMAT(1X,2I8,1X,I4,2I2,2X,A8,8X,I6,6X,3I4,2F10.2,20X,F10.2)

      END






src/TMIX.f90

      SUBROUTINE TMIX(EE,DMX,NMIX,IBMX)

!     APEX1501

!     THIS SUBPROGRAM MIXES N,P, AND CROP RESIDUE WITHIN THE PLOW DEPTH

!     ACCORDING TO THE MIXING EFFICIENCY OF THE IMPLEMENT, CALCULATES

!     THE CHANGE IN BULK DENSITY, CONVERTS STANDING RESIDUE TO FLAT

!     RESIDUE, AND ESTIMATES THE IMPLEMENT'S EFFECT ON RIDGE HEIGHT AND

!     INTERVAL.

      USE PARM 

      DIMENSION TST(100),DUM(MSL),XTZ(9),YTP(8)

      ISM=NDP+34

      LD1=LID(1,ISA)

      !IF(IYR==1972.AND.MO==10.AND.KDA==13)THEN

          !XTZ=0.

          !DO ISL=1,NBSL(ISA)

              !XTZ(1)=XTZ(1)+WNO3(ISL,ISA)

              !XTZ(2)=XTZ(2)+WNH3(ISL,ISA)

              !XTZ(3)=XTZ(3)+WLSN(ISL,ISA)

              !XTZ(4)=XTZ(4)+WLMN(ISL,ISA)

              !XTZ(5)=XTZ(5)+WBMN(ISL,ISA)

              !XTZ(6)=XTZ(6)+WHSN(ISL,ISA)

              !XTZ(7)=XTZ(7)+WHPN(ISL,ISA)

              !XTZ(8)=XTZ(8)+WNMU(ISL,ISA)

              !XTZ(9)=XTZ(9)+WNOU(ISL,ISA)

          !END DO

          !AD1=XTZ(1)+XTZ(2)+XTZ(3)+XTZ(4)+XTZ(5)+XTZ(6)+XTZ(7)+XTZ(8)+XTZ(9)

      !END IF 

      !TOT=0.

      IF(IBMX==0)THEN

          IF(NMIX==0)THEN

              II=IHC(JT1)

              IF(DMX<0..AND.II/=NHC(2).AND.II/=NHC(19).AND.II/=NHC(22))THEN

                  DO J=1,LC

                      IF(IDC(J)==NDC(7).OR.IDC(J)==NDC(8).OR.IDC(J)==NDC(10))CYCLE

                      IF(CPHT(J,ISA)+DMX<0..OR.STL(J,ISA)<.001)CYCLE

                      XX=(CPHT(J,ISA)+DMX)/CPHT(J,ISA)

                      ZZ=XX*STD(J,ISA)

                      ZO=XX*STDO(ISA)

                      ZL=XX*STL(J,ISA)

                      STD(J,ISA)=STD(J,ISA)-ZZ

                      STDO(ISA)=MAX(1.E-5,STDO(ISA)-ZO)

                      STL(J,ISA)=STL(J,ISA)-ZL

                      X1=1.-XX

                      SLAI(J,ISA)=SLAI(J,ISA)*X1

                      HU(J,ISA)=HU(J,ISA)*X1

                      STDL(J,ISA)=STDL(J,ISA)*X1

                      DX=DM(J,ISA)+1.E-10

                      X1=ZZ+ZL+ZO

                      ZZ=XX*STDN(J,ISA)

                      ZX=XX*STDON(ISA)

                      ZN=ZL*UN1(J,ISA)/DX

                      STDN(J,ISA)=MAX(1.E-5,STDN(J,ISA)-ZZ)

                      STDON(ISA)=MAX(1.E-5,STDON(ISA)-ZX)

                      X2=ZZ+ZN+ZX

                      CALL NCNSTD(X1,X2,LD1)

                      ZZ=XX*STDP(J,ISA)

                      STDP(J,ISA)=MAX(1.E-5,STDP(J,ISA)-ZZ)

                      X1=XX*STDOP(ISA)

                      STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-X1)

                      ZP=ZL*UP1(J,ISA)/DX

                      FOP(LD1,ISA)=FOP(LD1,ISA)+ZZ+ZP+X1

                      DM(J,ISA)=DM(J,ISA)-ZL

                      UN1(J,ISA)=MAX(1.E-5,UN1(J,ISA)-ZN)

                      UP1(J,ISA)=UP1(J,ISA)-ZP

                      CPHT(J,ISA)=-DMX

                  END DO    

                  RETURN

              END IF    

          END IF

          IF(Z(LD1,ISA)>=DMX)RETURN

          RCF(ISA)=1.

          IF(RHT(JT1)<RHT(JT2).AND.TLD(JT2)>0.)THEN

              RHTT(ISA)=RHT(JT1)+(RHT(JT2)-RHT(JT1))*EXP(-DMX/TLD(JT2))

          ELSE

              RHTT(ISA)=RHT(JT1)

              RINT(ISA)=MAX(RIN(JT1),RINT(ISA))

          END IF

          F=1.-EXP(-56.9*DMX*EE)

          SUM=0.

          TOT=0.

          DO JJ=1,NCP(IRO(ISA),ISA)

              X1=STD(JJ,ISA)*F

              STD(JJ,ISA)=MAX(1.E-5,STD(JJ,ISA)-X1)

              SUM=SUM+X1

              XX=F*STDN(JJ,ISA)

              STDN(JJ,ISA)=MAX(1.E-5,STDN(JJ,ISA)-XX)

              TOT=TOT+XX

              XX=F*STDL(JJ,ISA)

              STDL(JJ,ISA)=MAX(.1*STD(JJ,ISA),STDL(JJ,ISA)-XX)

              XX=F*STDP(JJ,ISA)

              STDP(JJ,ISA)=MAX(1.E-10,STDP(JJ,ISA)-XX)

              FOP(LD1,ISA)=FOP(LD1,ISA)+XX

          END DO

          XX=STDO(ISA)*F

          STDO(ISA)=MAX(1.E-5,STDO(ISA)-XX)

          SUM=SUM+XX

          XX=F*STDON(ISA)

          STDON(ISA)=MAX(1.E-5,STDON(ISA)-XX)

          TOT=TOT+XX

          CALL NCNSTD(SUM,TOT,LD1)

          XX=F*STDOP(ISA)

          STDOP(ISA)=MAX(1.E-5,STDOP(ISA)-XX)

          FOP(LD1,ISA)=FOP(LD1,ISA)+XX

          RRUF(ISA)=RR(JT1)

          IF(EE>1.E-5)TLMF(ISA)=0 !Jaehak to improve wind erosion calculation, 2020

      END IF

      DO I=1,ISM

          TST(I)=0.

      END DO

      XX=0.

      YTP(1)=WLS(LD1,ISA)

      YTP(2)=WLM(LD1,ISA)

      YTP(3)=WLSL(LD1,ISA)

      YTP(4)=WLSC(LD1,ISA)

      YTP(5)=WLMC(LD1,ISA)

      YTP(6)=WLSLC(LD1,ISA)

      YTP(7)=WLSN(LD1,ISA)

      YTP(8)=WLMN(LD1,ISA)

      DO J=1,NBSL(ISA)

          K=LID(J,ISA)

          IF(IBMX>0)EE=WBMX

          UN(K)=ROK(K,ISA)

          ZZ=Z(K,ISA)-XX

          IF(Z(K,ISA)>=DMX)GO TO 8

          IF(NMIX==0)THEN

              BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*EE

              CLA(K,ISA)=CLA(K,ISA)*ZZ

              SIL(K,ISA)=SIL(K,ISA)*ZZ

              ROK(K,ISA)=ROK(K,ISA)*ZZ

          END IF

          PMA=WPMA(K,ISA)+WPML(K,ISA)

          DUM(K)=PSP(K,ISA)*PMA

          UP(K)=PMA-DUM(K)

          TST(1)=EAJL(WNO3(K,ISA),EE)+TST(1)

          TST(2)=EAJL(WHPN(K,ISA),EE)+TST(2)

          TST(3)=EAJL(WHSN(K,ISA),EE)+TST(3)

          TST(4)=EAJL(WBMN(K,ISA),EE)+TST(4)

          TST(5)=EAJL(WLSN(K,ISA),EE)+TST(5)

          TST(6)=EAJL(WLMN(K,ISA),EE)+TST(6)

          TST(7)=EAJL(WHPC(K,ISA),EE)+TST(7)

          TST(8)=EAJL(WHSC(K,ISA),EE)+TST(8)

          TST(9)=EAJL(WBMC(K,ISA),EE)+TST(9)

          TST(14)=EAJL(WLS(K,ISA),EE)+TST(14)

          TST(15)=EAJL(WLM(K,ISA),EE)+TST(15)

          TST(16)=EAJL(WLSL(K,ISA),EE)+TST(16)

          TST(10)=EAJL(WLSC(K,ISA),EE)+TST(10)

          TST(11)=EAJL(WLMC(K,ISA),EE)+TST(11)

          TST(12)=EAJL(WLSLC(K,ISA),EE)+TST(12)

          IF(J==1)THEN

              YTP(1)=WLS(LD1,ISA)

              YTP(2)=WLM(LD1,ISA)

              YTP(3)=WLSL(LD1,ISA)

              YTP(4)=WLSC(LD1,ISA)

              YTP(5)=WLMC(LD1,ISA)

              YTP(6)=WLSLC(LD1,ISA)

              YTP(7)=WLSN(LD1,ISA)

              YTP(8)=WLMN(LD1,ISA)

          END IF

          TST(17)=EAJL(WPO(K,ISA),EE)+TST(17)

          TST(19)=EAJL(WPMA(K,ISA),EE)+TST(19)

          TST(20)=EAJL(WPOU(K,ISA),EE)+TST(20)

          TST(21)=EAJL(FOP(K,ISA),EE)+TST(21)

          TST(22)=EAJL(WPMS(K,ISA),EE)+TST(22)

          IF(NMIX==0)THEN

              TST(23)=EAJL(CLA(K,ISA),EE)+TST(23)

              TST(24)=EAJL(SIL(K,ISA),EE)+TST(24)

              TST(27)=EAJL(ROK(K,ISA),EE)+TST(27)

          END IF

          TST(25)=EAJL(DUM(K),EE)+TST(25)

          TST(26)=EAJL(UP(K),EE)+TST(26)

          TST(28)=EAJL(WNH3(K,ISA),EE)+TST(28)

          TST(29)=EAJL(WPML(K,ISA),EE)+TST(29)

          TST(30)=EAJL(WNOU(K,ISA),EE)+TST(30)

          TST(31)=EAJL(RSDM(K,ISA),EE)+TST(31)

          TST(32)=EAJL(WCOU(K,ISA),EE)+TST(32)

	      TST(33)=EAJL(WPMU(K,ISA),EE)+TST(33)

	      TST(34)=EAJL(WNMU(K,ISA),EE)+TST(34)

          I1=35

          DO I=1,NDP

              TST(I1)=EAJL(PSTZ(I,K,ISA),EE)+TST(I1)

              I1=I1+1

          END DO

          XX=Z(K,ISA)

      END DO          

      J=NBSL(ISA)

      DMX=Z(LID(NBSL(ISA),ISA),ISA)

      GO TO 10

    8 RTO=(DMX-XX)/ZZ

      RE=RTO*EE

      IF(NMIX==0)THEN

          BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*RE

          CLA(K,ISA)=CLA(K,ISA)*ZZ

          SIL(K,ISA)=SIL(K,ISA)*ZZ

          ROK(K,ISA)=ROK(K,ISA)*ZZ

      END IF

      PMA=WPMA(K,ISA)+WPML(K,ISA)

      DUM(K)=PSP(K,ISA)*PMA

      UP(K)=PMA-DUM(K)

      TST(1)=EAJL(WNO3(K,ISA),RE)+TST(1)

      TST(2)=EAJL(WHPN(K,ISA),RE)+TST(2)

      TST(3)=EAJL(WHSN(K,ISA),RE)+TST(3)

      TST(4)=EAJL(WBMN(K,ISA),RE)+TST(4)

      TST(5)=EAJL(WLSN(K,ISA),RE)+TST(5)

      TST(6)=EAJL(WLMN(K,ISA),RE)+TST(6)

      TST(7)=EAJL(WHPC(K,ISA),RE)+TST(7)

      TST(8)=EAJL(WHSC(K,ISA),RE)+TST(8)

      TST(9)=EAJL(WBMC(K,ISA),RE)+TST(9)

      TST(10)=EAJL(WLSC(K,ISA),RE)+TST(10)

      TST(11)=EAJL(WLMC(K,ISA),RE)+TST(11)

      TST(12)=EAJL(WLSLC(K,ISA),RE)+TST(12)

      TST(14)=EAJL(WLS(K,ISA),RE)+TST(14)

      TST(15)=EAJL(WLM(K,ISA),RE)+TST(15)

      TST(16)=EAJL(WLSL(K,ISA),RE)+TST(16)

      TST(17)=EAJL(WPO(K,ISA),RE)+TST(17)

      TST(19)=EAJL(WPMA(K,ISA),RE)+TST(19)

      TST(20)=EAJL(WPOU(K,ISA),RE)+TST(20)

      TST(21)=EAJL(FOP(K,ISA),RE)+TST(21)

      TST(22)=EAJL(WPMS(K,ISA),RE)+TST(22)

      IF(NMIX==0)THEN

          TST(23)=EAJL(CLA(K,ISA),RE)+TST(23)

          TST(24)=EAJL(SIL(K,ISA),RE)+TST(24)

          TST(27)=EAJL(ROK(K,ISA),RE)+TST(27)

      END IF

      TST(25)=EAJL(DUM(K),RE)+TST(25)

      TST(26)=EAJL(UP(K),RE)+TST(26)

      TST(28)=EAJL(WNH3(K,ISA),RE)+TST(28)

      TST(29)=EAJL(WPML(K,ISA),RE)+TST(29)

      TST(30)=EAJL(WNOU(K,ISA),RE)+TST(30)

      TST(31)=EAJL(RSDM(K,ISA),RE)+TST(31)

      TST(32)=EAJL(WCOU(K,ISA),RE)+TST(32)

	  TST(33)=EAJL(WPMU(K,ISA),RE)+TST(33)

	  TST(34)=EAJL(WNMU(K,ISA),RE)+TST(34)

      I1=35

      DO I=1,NDP

          TST(I1)=EAJL(PSTZ(I,K,ISA),RE)+TST(I1)

          I1=I1+1

      END DO

   10 K1=J-1

      DO I=1,ISM

          TST(I)=TST(I)/DMX

      END DO

      XX=0.

      DO J=1,K1

          ISL=LID(J,ISA)

          ZZ=Z(ISL,ISA)-XX

          RT1=MIN(1.,WCMU(ISL,ISA)/WBMC(ISL,ISA))

          WNO3(ISL,ISA)=TST(1)*ZZ+WNO3(ISL,ISA)

          WHPN(ISL,ISA)=TST(2)*ZZ+WHPN(ISL,ISA)

          WHSN(ISL,ISA)=TST(3)*ZZ+WHSN(ISL,ISA)

          WBMN(ISL,ISA)=TST(4)*ZZ+WBMN(ISL,ISA)

          WLSN(ISL,ISA)=TST(5)*ZZ+WLSN(ISL,ISA)

          WLMN(ISL,ISA)=TST(6)*ZZ+WLMN(ISL,ISA)

          WHPC(ISL,ISA)=TST(7)*ZZ+WHPC(ISL,ISA)

          WHSC(ISL,ISA)=TST(8)*ZZ+WHSC(ISL,ISA)

          WBMC(ISL,ISA)=TST(9)*ZZ+WBMC(ISL,ISA)

          WLSC(ISL,ISA)=TST(10)*ZZ+WLSC(ISL,ISA)

          WLMC(ISL,ISA)=TST(11)*ZZ+WLMC(ISL,ISA)

          WLSLC(ISL,ISA)=TST(12)*ZZ+WLSLC(ISL,ISA)

          WLS(ISL,ISA)=TST(14)*ZZ+WLS(ISL,ISA)

          WLM(ISL,ISA)=TST(15)*ZZ+WLM(ISL,ISA)

          WLSL(ISL,ISA)=TST(16)*ZZ+WLSL(ISL,ISA)

          IF(J==1)THEN

              IF(DMX>.01)THEN

                  IF(WLS(ISL,ISA)>YTP(1))CALL TMXL1(DMX,TST(14),WLS(ISL,ISA),&

                  YTP(1),YTP(1))

                  IF(WLM(ISL,ISA)>YTP(2))CALL TMXL1(DMX,TST(15),WLM(ISL,ISA),&

                  YTP(2),YTP(2))

                  IF(WLSL(ISL,ISA)>YTP(3))CALL TMXL1(DMX,TST(16),WLSL(ISL,ISA),&

                  YTP(3),YTP(3))

                  IF(WLSC(ISL,ISA)>YTP(4))CALL TMXL1(DMX,TST(10),WLSC(ISL,ISA),&

                  YTP(4),YTP(4))

                  IF(WLMC(ISL,ISA)>YTP(5))CALL TMXL1(DMX,TST(11),WLMC(ISL,ISA),&

                  YTP(5),YTP(5))

                  IF(WLSLC(ISL,ISA)>YTP(6))CALL TMXL1(DMX,TST(12),WLSLC(ISL,ISA),&

                  YTP(6),YTP(6))

                  IF(WLSN(ISL,ISA)>YTP(7))CALL TMXL1(DMX,TST(5),WLSN(ISL,ISA),&

                  YTP(7),YTP(7))

                  IF(WLMN(ISL,ISA)>YTP(8))CALL TMXL1(DMX,TST(6),WLMN(ISL,ISA),&

                  YTP(8),YTP(8))

              END IF

          END IF

          WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

          RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

          WPO(ISL,ISA)=TST(17)*ZZ+WPO(ISL,ISA)

          WPMA(ISL,ISA)=TST(19)*ZZ+WPMA(ISL,ISA)

          WPOU(ISL,ISA)=TST(20)*ZZ+WPOU(ISL,ISA)

          FOP(ISL,ISA)=TST(21)*ZZ+FOP(ISL,ISA)

          WPMS(ISL,ISA)=TST(22)*ZZ+WPMS(ISL,ISA)

          DUM(ISL)=TST(25)*ZZ+DUM(ISL)

          UP(ISL)=TST(26)*ZZ+UP(ISL)

          IF(NMIX==0)THEN

              ROK(ISL,ISA)=TST(27)+ROK(ISL,ISA)/ZZ

              CLA(ISL,ISA)=TST(23)+CLA(ISL,ISA)/ZZ

              SIL(ISL,ISA)=TST(24)+SIL(ISL,ISA)/ZZ

          END IF

          WNH3(ISL,ISA)=TST(28)*ZZ+WNH3(ISL,ISA)

          WPML(ISL,ISA)=TST(29)*ZZ+WPML(ISL,ISA)

	      WNOU(ISL,ISA)=TST(30)*ZZ+WNOU(ISL,ISA)

          RSDM(ISL,ISA)=TST(31)*ZZ+RSDM(ISL,ISA)

          WCOU(ISL,ISA)=TST(32)*ZZ+WCOU(ISL,ISA)

	      WPMU(ISL,ISA)=TST(33)*ZZ+WPMU(ISL,ISA)

	      WNMU(ISL,ISA)=TST(34)*ZZ+WNMU(ISL,ISA)

          I1=35

          DO I=1,NDP

              PSTZ(I,ISL,ISA)=TST(I1)*ZZ+PSTZ(I,ISL,ISA)

              I1=I1+1

          END DO

          PSP(ISL,ISA)=DUM(ISL)/(UP(ISL)+DUM(ISL))

          RX=MIN(1.,(100.-ROK(ISL,ISA))/(100.-UN(ISL)))

          FC(ISL,ISA)=FC(ISL,ISA)*RX

          S15(ISL,ISA)=S15(ISL,ISA)*RX

          PO(ISL,ISA)=PO(ISL,ISA)*RX

          CALL SPOFC(ISL)

          SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

          WT(ISL,ISA)=BD(ISL,ISA)*ZZ*1.E4

          WCMU(ISL,ISA)=MAX(1.E-5,WBMC(ISL,ISA)*RT1)

          XX=Z(ISL,ISA)

      END DO          

      XX=DMX-Z(LID(K1,ISA),ISA)

      RT1=MIN(1.,WCMU(K,ISA)/WBMC(K,ISA))

      WNO3(K,ISA)=WNO3(K,ISA)+TST(1)*XX

      WHPN(K,ISA)=WHPN(K,ISA)+TST(2)*XX

      WHSN(K,ISA)=WHSN(K,ISA)+TST(3)*XX

      WBMN(K,ISA)=WBMN(K,ISA)+TST(4)*XX

      WLSN(K,ISA)=WLSN(K,ISA)+TST(5)*XX

      WLMN(K,ISA)=WLMN(K,ISA)+TST(6)*XX

      WHPC(K,ISA)=WHPC(K,ISA)+TST(7)*XX

      WHSC(K,ISA)=WHSC(K,ISA)+TST(8)*XX

      WBMC(K,ISA)=WBMC(K,ISA)+TST(9)*XX

      WLSC(K,ISA)=WLSC(K,ISA)+TST(10)*XX

      WLMC(K,ISA)=WLMC(K,ISA)+TST(11)*XX

      WLSLC(K,ISA)=WLSLC(K,ISA)+TST(12)*XX

      WLS(K,ISA)=WLS(K,ISA)+TST(14)*XX

      WLM(K,ISA)=WLM(K,ISA)+TST(15)*XX

      WLSL(K,ISA)=WLSL(K,ISA)+TST(16)*XX

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WPO(K,ISA)=WPO(K,ISA)+TST(17)*XX

      WPMA(K,ISA)=WPMA(K,ISA)+TST(19)*XX

      WPOU(K,ISA)=WPOU(K,ISA)+TST(20)*XX

      FOP(K,ISA)=FOP(K,ISA)+TST(21)*XX

      WPMS(K,ISA)=WPMS(K,ISA)+TST(22)*XX

      DUM(K)=DUM(K)+TST(25)*XX

      UP(K)=UP(K)+TST(26)*XX

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)+TST(27)*XX

          CLA(K,ISA)=CLA(K,ISA)+TST(23)*XX

          SIL(K,ISA)=SIL(K,ISA)+TST(24)*XX

      END IF

      WNH3(K,ISA)=WNH3(K,ISA)+TST(28)*XX

      WCMU(K,ISA)=MAX(1.E-5,WBMC(K,ISA)*RT1)

      WPML(K,ISA)=WPML(K,ISA)+TST(29)*XX

	  WNOU(K,ISA)=WNOU(K,ISA)+TST(30)*XX

      RSDM(K,ISA)=RSDM(K,ISA)+TST(31)*XX

      WCOU(K,ISA)=WCOU(K,ISA)+TST(32)*XX

	  WPMU(K,ISA)=WPMU(K,ISA)+TST(33)*XX

	  WNMU(K,ISA)=WNMU(K,ISA)+TST(34)*XX

      I1=35

      DO I=1,NDP

          PSTZ(I,K,ISA)=PSTZ(I,K,ISA)+TST(I1)*XX

          I1=I1+1

      END DO

      PSP(K,ISA)=DUM(K)/(UP(K)+DUM(K))

      ZZ=Z(K,ISA)-Z(LID(K1,ISA),ISA)

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)/ZZ

          CLA(K,ISA)=CLA(K,ISA)/ZZ

          SIL(K,ISA)=SIL(K,ISA)/ZZ

      END IF

      IF(UN(K)>0.)THEN

          RX=MIN(1.,(100.-ROK(K,ISA))/(100.-UN(K)))

          FC(K,ISA)=FC(K,ISA)*RX

          S15(K,ISA)=S15(K,ISA)*RX

          PO(K,ISA)=PO(K,ISA)*RX

          CALL SPOFC(K)

      END IF

      SAN(K,ISA)=100.-CLA(K,ISA)-SIL(K,ISA)

      WT(K,ISA)=BD(K,ISA)*ZZ*1.E4

      !XTX=0.

      !DO I=1,NBSL(ISA)

          !ISL=LID(I,ISA)

          !XTX(1)=XTX(1)+WPML(ISL,ISA)

          !XTX(2)=XTX(2)+WPO(ISL,ISA)

          !XTX(3)=XTX(3)+FOP(ISL,ISA)

          !XTX(4)=XTX(4)+WPOU(ISL,ISA)

          !XTX(5)=XTX(5)+WPMU(ISL,ISA)

          !XTX(6)=XTX(6)+WPMA(ISL,ISA)

          !XTX(7)=XTX(7)+WPMS(ISL,ISA)

          !XTX(8)=XTX(8)+WNOU(ISL,ISA)

      !END DO

      !XTX(3)=XTX(3)+STDOP(ISA)+STDP(JJK,ISA)+UP1(JJK,ISA)

      !DO I=1,8

          !DF=XTZ(I)-XTX(I)

          !IF(ABS(DF)>.001)WRITE(KW(1),'(A,4I4,20E16.6)')'#####',IY,MO,KDA,I,XTZ(I),XTX(I),DF

      !END DO

!     IF(EE<.9)RETURN

!     LD2=LID(2,ISA)

!     RSDM(LD2,ISA)=RSDM(LD2,ISA)+RSDM(LD1,ISA)

!     RSDM(LD1,ISA)=1.E-5

!     X1=STL(JJK,ISA)+STD(JJK,ISA)+STDO(ISA)

!     DM(JJK,ISA)=DM(JJK,ISA)-STL(JJK,ISA)

!     XX=STL(JJK,ISA)/(DM(JJK,ISA)+1.E-10)

!     X2=XX*UN1(JJK,ISA)

!     X3=XX*UP1(JJK,ISA)

!     X4=STDN(JJK,ISA)+STDON(ISA)+X2

!     CALL NCNSTD(X1,X4,LD1)

!     WLMN(LD2,ISA)=WLMN(LD2,ISA)+WLMN(LD1,ISA)

!     WLMN(LD1,ISA)=1.E-5

!     WLSN(LD2,ISA)=WLSN(LD2,ISA)+WLSN(LD1,ISA)

!     WLSN(LD1,ISA)=1.E-5

!     WLS(LD2,ISA)=WLS(LD2,ISA)+WLS(LD1,ISA)

!     WLS(LD1,ISA)=1.E-5

!     WLM(LD2,ISA)=WLM(LD2,ISA)+WLM(LD1,ISA)

!     WLM(LD1,ISA)=1.E-5

!     WLSL(LD2,ISA)=WLSL(LD2,ISA)+WLSL(LD1,ISA)

!     WLSL(LD1,ISA)=1.E-5

!     WLSC(LD2,ISA)=WLSC(LD2,ISA)+WLSC(LD1,ISA)

!     WLSC(LD1,ISA)=1.E-5

!     WLMC(LD2,ISA)=WLMC(LD2,ISA)+WLMC(LD1,ISA)

!     WLMC(LD1,ISA)=1.E-5

!     WLSLC(LD2,ISA)=WLSLC(LD2,ISA)+WLSLC(LD1,ISA)

!     WLSLC(LD1,ISA)=1.E-5

!     WLSLNC(LD2,ISA)=WLSLNC(LD2,ISA)+WLSLNC(LD1,ISA)

!     WLSLNC(LD1,ISA)=1.E-5

!     WNO3(LD2,ISA)=WNO3(LD2,ISA)+WNO3(LD1,ISA)

!     WNO3(LD1,ISA)=1.E-5

!     WNH3(LD2,ISA)=WNH3(LD2,ISA)+WNH3(LD1,ISA)

!     WNH3(LD1,ISA)=1.E-5

!     WCMU(LD2,ISA)=WCMU(LD2,ISA)+WCMU(LD1,ISA)

!     WCMU(LD1,ISA)=1.E-5

!     WNMU(LD2,ISA)=WNMU(LD2,ISA)+WNMU(LD1,ISA)

!     WNMU(LD1,ISA)=1.E-5

!     WPMA(LD2,ISA)=WPMA(LD2,ISA)+WPMA(LD1,ISA)

!     WPMA(LD1,ISA)=1.E-5

!     STL(JJK,ISA)=0.

!     STDO(ISA)=0.

!     STD(JJK,ISA)=0.

!     STDN(JJK,ISA)=0.

!     STDON(ISA)=0.

!     STDL(JJK,ISA)=0.

!     STDP(JJK,ISA)=0.

!     STDOP(ISA)=0.

!     UN1(JJK,ISA)=MAX(1.E-5,UN1(JJK,ISA)-X2)

!     UP1(JJK,ISA)=UP1(JJK,ISA)-X3

!     DM(JJK,ISA)=DM(JJK,ISA)-STL(JJK,ISA)

!     STDO(ISA)=0.

!     STL(JJK,ISA)=0.

!     STD(JJK,ISA)=0.

!     X1=STL(JJK,ISA)/(DM(JJK,ISA)+1.E-10)

!     X2=X1*UN1(JJK,ISA)

!     X3=X1*UP1(JJK,ISA)

!     WNOU(LD2,ISA)=WNOU(LD2,ISA)+WNOU(LD1,ISA)

!     WNOU(LD1,ISA)=1.E-5

!     WCOU(LD2,ISA)=WCOU(LD2,ISA)+WCOU(LD1,ISA)

!     WCOU(LD1,ISA)=1.E-5

!     STDN(JJK,ISA)=0.

!     STDON(ISA)=0.

!     FOP(LD2,ISA)=FOP(LD2,ISA)+FOP(LD1,ISA)+STDP(JJK,ISA)+STDOP(ISA)+X3

!     FOP(LD1,ISA)=1.E-5

!     WPOU(LD2,ISA)=WPOU(LD2,ISA)+WPOU(LD1,ISA)

!     WPOU(LD1,ISA)=1.E-5

!     WPML(LD2,ISA)=WPML(LD2,ISA)+WPML(LD1,ISA)

!     WPML(LD1,ISA)=1.E-5

!     WPMU(LD2,ISA)=WPMU(LD2,ISA)+WPMU(LD1,ISA)

!     WPMU(LD1,ISA)=1.E-5

!     STDP(JJK,ISA)=0.

!     STDOP(ISA)=0.

!     UN1(JJK,ISA)=MAX(1.E-5,UN1(JJK,ISA)-X2)

!     UP1(JJK,ISA)=UP1(JJK,ISA)-X3

      !IF(IYR==1972.AND.MO==10.AND.KDA==13)THEN

          !WRITE(KW(1),'(5X,10E16.6)')XTZ,AD1

          !XTZ=0.

          !DO ISL=1,NBSL(ISA)

              !XTZ(1)=XTZ(1)+WNO3(ISL,ISA)

              !XTZ(2)=XTZ(2)+WNH3(ISL,ISA)

              !XTZ(3)=XTZ(3)+WLSN(ISL,ISA)

              !XTZ(4)=XTZ(4)+WLMN(ISL,ISA)

              !XTZ(5)=XTZ(5)+WBMN(ISL,ISA)

              !XTZ(6)=XTZ(6)+WHSN(ISL,ISA)

              !XTZ(7)=XTZ(7)+WHPN(ISL,ISA)

              !XTZ(8)=XTZ(8)+WNMU(ISL,ISA)

              !XTZ(9)=XTZ(9)+WNOU(ISL,ISA)

          !END DO

          !AD2=XTZ(1)+XTZ(2)+XTZ(3)+XTZ(4)+XTZ(5)+XTZ(6)+XTZ(7)+XTZ(8)+XTZ(9)

          !WRITE(KW(1),'(5X,10E16.6)')XTZ,AD2

          !DF=AD1+TOT-AD2

          !IF(ABS(DF)>.1)WRITE(KW(1),'(A,3I4,20E16.6)')'#####',IY,MO,KDA,&

          !AD1,TOT,AD2,DF

      !END IF        

      RETURN

      END






src/TMIX_FLOODED.f90

      SUBROUTINE TMIX_FLOODED(EE,DMX,NMIX,JNT)

!     APEX0806

!     THIS SUBPROGRAM MIXES N,AND P WITHIN THE PLOW DEPTH ACCORDING TO THE MIXING EFFICIENCY OF THE IMPLEMENT, 

!     CALCULATES THE CHANGE IN BULK DENSITY, AND INCREASE SEDIMENT CONCENTRAION IN THE PONDING WATER



      USE PARM 

      DIMENSION TST(100),DUM(MSL),YTP(8)



      !PADDY_STO(1,ISA) Water storage volume, mm

      !PADDY_STO(2,ISA) Sediment storage, t/ha

      !PADDY_STO(3,ISA) Min N storage, kg/ha

      !PADDY_STO(4,ISA) Min P storage, kg/ha

      !PADDY_STO(5,ISA) Org N storage, kg/ha

      !PADDY_STO(6,ISA) Org P storage, kg/ha

      !PADDY_STO(7,ISA) Ammonia N storage, kg/ha



      !Assume 10,000 mg/l sediment concentration after plowing (sort of mud...)

      !which is equivalent to 100 kg/ha-mm sediment.

      

      ISM=NDP+34

      LD1=LID(1,ISA)

      II=IHC(JT1)

      IF(Z(LD1,ISA)>=DMX)RETURN

      RCF(ISA)=1.

      TLMF(ISA)=0.

      DO I=1,ISM

          TST(I)=0.

      END DO

      XX=0.

      YTP(1)=WLS(LD1,ISA)

      YTP(2)=WLM(LD1,ISA)

      YTP(3)=WLSL(LD1,ISA)

      YTP(4)=WLSC(LD1,ISA)

      YTP(5)=WLMC(LD1,ISA)

      YTP(6)=WLSLC(LD1,ISA)

      YTP(7)=WLSN(LD1,ISA)

      YTP(8)=WLMN(LD1,ISA)

      

      !Sediment concentration increase due to web ploughing

      PADDY_STO(2,ISA) = PADDY_STO(1,ISA) * 100. ! 10,000 mg/l 

      

      TST(1) = EAJL(PADDY_STO(3,ISA),EE) !soluble N

      TST(29) = EAJL(PADDY_STO(4,ISA),EE) !mineral P

      TST(17) = EAJL(PADDY_STO(6,ISA),EE) !organic P

      TST(18) = EAJL(PADDY_STO(7,ISA),EE) !organic N

      

      DO J=1,NBSL(ISA)

         K=LID(J,ISA)

         UN(K)=ROK(K,ISA)

         ZZ=Z(K,ISA)-XX

          

         IF(Z(K,ISA)>=DMX)THEN 

            RTO=(DMX-XX)/ZZ

            RE=RTO*EE

            IF(NMIX==0)THEN

                  BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*RE

                  CLA(K,ISA)=CLA(K,ISA)*ZZ

                  SIL(K,ISA)=SIL(K,ISA)*ZZ

                  ROK(K,ISA)=ROK(K,ISA)*ZZ

            END IF

            PMA=WPMA(K,ISA)+WPML(K,ISA)

            DUM(K)=PSP(K,ISA)*PMA

            UP(K)=PMA-DUM(K)

            TST(1)=EAJL(WNO3(K,ISA),RE)+TST(1)

            !     TST(2)=EAJL(WHPN(K,ISA),RE)+TST(2)

            !     TST(3)=EAJL(WHSN(K,ISA),RE)+TST(3)

            TST(4)=EAJL(WBMN(K,ISA),RE)+TST(4)

            TST(5)=EAJL(WLSN(K,ISA),RE)+TST(5)

            TST(6)=EAJL(WLMN(K,ISA),RE)+TST(6)

            !     TST(7)=EAJL(WHPC(K,ISA),RE)+TST(7)

            !     TST(8)=EAJL(WHSC(K,ISA),RE)+TST(8)

            TST(9)=EAJL(WBMC(K,ISA),RE)+TST(9)

            TST(10)=EAJL(WLSC(K,ISA),RE)+TST(10)

            TST(11)=EAJL(WLMC(K,ISA),RE)+TST(11)

            TST(12)=EAJL(WLSLC(K,ISA),RE)+TST(12)

            TST(14)=EAJL(WLS(K,ISA),RE)+TST(14)

            TST(15)=EAJL(WLM(K,ISA),RE)+TST(15)

            TST(16)=EAJL(WLSL(K,ISA),RE)+TST(16)

            TST(17)=EAJL(WPO(K,ISA),RE)+TST(17)

            TST(18)=EAJL(WON(K,ISA),EE)+TST(18) ! Jaehak 2014

            TST(19)=EAJL(WPMA(K,ISA),RE)+TST(19)

            TST(20)=EAJL(WPOU(K,ISA),RE)+TST(20)

            TST(21)=EAJL(FOP(K,ISA),RE)+TST(21)

            TST(22)=EAJL(WPMS(K,ISA),RE)+TST(22)

            IF(NMIX==0)THEN

                  TST(23)=EAJL(CLA(K,ISA),RE)+TST(23)

                  TST(24)=EAJL(SIL(K,ISA),RE)+TST(24)

                  TST(27)=EAJL(ROK(K,ISA),RE)+TST(27)

            END IF

            TST(25)=EAJL(DUM(K),RE)+TST(25)

            TST(26)=EAJL(UP(K),RE)+TST(26)

            TST(28)=EAJL(WNH3(K,ISA),RE)+TST(28)

            TST(29)=EAJL(WPML(K,ISA),RE)+TST(29)

            TST(30)=EAJL(WNOU(K,ISA),RE)+TST(30)

            TST(31)=EAJL(RSDM(K,ISA),RE)+TST(31)

            TST(32)=EAJL(WCOU(K,ISA),RE)+TST(32)

            TST(33)=EAJL(WPMU(K,ISA),RE)+TST(33)

            TST(34)=EAJL(WNMU(K,ISA),RE)+TST(34)

            I1=35

            DO I=1,NDP

                  TST(I1)=EAJL(PSTZ(I,K,ISA),RE)+TST(I1)

                  I1=I1+1

            END DO

            GOTO 10

         ELSE

            IF(NMIX==0)THEN

               BDP(K,ISA)=BDP(K,ISA)-(BDP(K,ISA)-.6667*BD(K,ISA))*EE

               CLA(K,ISA)=CLA(K,ISA)*ZZ

               SIL(K,ISA)=SIL(K,ISA)*ZZ

               ROK(K,ISA)=ROK(K,ISA)*ZZ

            END IF

            PMA=WPMA(K,ISA)+WPML(K,ISA)

            DUM(K)=PSP(K,ISA)*PMA

            UP(K)=PMA-DUM(K)

            TST(1)=EAJL(WNO3(K,ISA),EE)+TST(1)

         !     TST(2)=EAJL(WHPN(K,ISA),EE)+TST(2)

         !     TST(3)=EAJL(WHSN(K,ISA),EE)+TST(3)

            TST(4)=EAJL(WBMN(K,ISA),EE)+TST(4)

            TST(5)=EAJL(WLSN(K,ISA),EE)+TST(5)

            TST(6)=EAJL(WLMN(K,ISA),EE)+TST(6)

         !     TST(7)=EAJL(WHPC(K,ISA),EE)+TST(7)

         !     TST(8)=EAJL(WHSC(K,ISA),EE)+TST(8)

            TST(9)=EAJL(WBMC(K,ISA),EE)+TST(9)

            TST(14)=EAJL(WLS(K,ISA),EE)+TST(14)

            TST(15)=EAJL(WLM(K,ISA),EE)+TST(15)

            TST(16)=EAJL(WLSL(K,ISA),EE)+TST(16)

            TST(10)=EAJL(WLSC(K,ISA),EE)+TST(10)

            TST(11)=EAJL(WLMC(K,ISA),EE)+TST(11)

            TST(12)=EAJL(WLSLC(K,ISA),EE)+TST(12)

            TST(17)=EAJL(WPO(K,ISA),EE)+TST(17)

            TST(18)=EAJL(WON(K,ISA),EE)+TST(18) ! Jaehak 2014

            TST(19)=EAJL(WPMA(K,ISA),EE)+TST(19)

            TST(20)=EAJL(WPOU(K,ISA),EE)+TST(20)

            TST(21)=EAJL(FOP(K,ISA),EE)+TST(21)

            TST(22)=EAJL(WPMS(K,ISA),EE)+TST(22)

            IF(NMIX==0)THEN

               TST(23)=EAJL(CLA(K,ISA),EE)+TST(23)

               TST(24)=EAJL(SIL(K,ISA),EE)+TST(24)

               TST(27)=EAJL(ROK(K,ISA),EE)+TST(27)

            END IF

            TST(25)=EAJL(DUM(K),EE)+TST(25)

            TST(26)=EAJL(UP(K),EE)+TST(26)

            TST(28)=EAJL(WNH3(K,ISA),EE)+TST(28)

            TST(29)=EAJL(WPML(K,ISA),EE)+TST(29)

            TST(30)=EAJL(WNOU(K,ISA),EE)+TST(30)

            TST(31)=EAJL(RSDM(K,ISA),EE)+TST(31)

            TST(32)=EAJL(WCOU(K,ISA),EE)+TST(32)

            TST(33)=EAJL(WPMU(K,ISA),EE)+TST(33)

            TST(34)=EAJL(WNMU(K,ISA),EE)+TST(34)

            I1=35

            DO I=1,NDP

               TST(I1)=EAJL(PSTZ(I,K,ISA),EE)+TST(I1)

               I1=I1+1

            END DO

            XX=Z(K,ISA)

         ENDIF

      END DO          

      J=NBSL(ISA)

      DMX=Z(LID(NBSL(ISA),ISA),ISA)



10    K1=J-1

      ZZ = PADDY_STO(1,ISA) / 1000.

      DO I=1,ISM

          TST(I)=TST(I)/(DMX+ZZ)

      END DO

      

      !Update nutrient concentration in the ponding water

      PADDY_STO(3,ISA) = TST(1)*ZZ + PADDY_STO(3,ISA) !mineral N

      PADDY_STO(4,ISA) = TST(29)*ZZ + PADDY_STO(4,ISA) !mineral P

      PADDY_STO(6,ISA) = TST(17)*ZZ + PADDY_STO(6,ISA) !organic P

      PADDY_STO(7,ISA) = TST(18)*ZZ + PADDY_STO(7,ISA) !organic N

      

      XX=0.

      DO J=1,K1

         ISL=LID(J,ISA)

         ZZ=Z(ISL,ISA)-XX

         RT1=MIN(1.,WCMU(ISL,ISA)/WBMC(ISL,ISA))

         WNO3(ISL,ISA)=TST(1)*ZZ+WNO3(ISL,ISA)

         !     WHPN(ISL,ISA)=TST(2)*ZZ+WHPN(ISL,ISA)

         !     WHSN(ISL,ISA)=TST(3)*ZZ+WHSN(ISL,ISA)

         WBMN(ISL,ISA)=TST(4)*ZZ+WBMN(ISL,ISA)

         WLSN(ISL,ISA)=TST(5)*ZZ+WLSN(ISL,ISA)

         WLMN(ISL,ISA)=TST(6)*ZZ+WLMN(ISL,ISA)

         !     WHPC(ISL,ISA)=TST(7)*ZZ+WHPC(ISL,ISA)

         !     WHSC(ISL,ISA)=TST(8)*ZZ+WHSC(ISL,ISA)

         WBMC(ISL,ISA)=TST(9)*ZZ+WBMC(ISL,ISA)

         WLSC(ISL,ISA)=TST(10)*ZZ+WLSC(ISL,ISA)

         WLMC(ISL,ISA)=TST(11)*ZZ+WLMC(ISL,ISA)

         WLSLC(ISL,ISA)=TST(12)*ZZ+WLSLC(ISL,ISA)

         WLS(ISL,ISA)=TST(14)*ZZ+WLS(ISL,ISA)

         WLM(ISL,ISA)=TST(15)*ZZ+WLM(ISL,ISA)

         WLSL(ISL,ISA)=TST(16)*ZZ+WLSL(ISL,ISA)

         IF(J==1)THEN

            IF(DMX>.01)THEN

               IF(WLS(ISL,ISA)>YTP(1))CALL TMXL1(DMX,TST(14),WLS(ISL,ISA),&

               &YTP(1),YTP(1))

               IF(WLM(ISL,ISA)>YTP(2))CALL TMXL1(DMX,TST(15),WLM(ISL,ISA),&

               &YTP(2),YTP(2))

               IF(WLSL(ISL,ISA)>YTP(3))CALL TMXL1(DMX,TST(16),WLSL(ISL,ISA),&

               &YTP(3),YTP(3))

               IF(WLSC(ISL,ISA)>YTP(4))CALL TMXL1(DMX,TST(10),WLSC(ISL,ISA),&

               &YTP(4),YTP(4))

               IF(WLMC(ISL,ISA)>YTP(5))CALL TMXL1(DMX,TST(11),WLMC(ISL,ISA),&

               &YTP(5),YTP(5))

               IF(WLSLC(ISL,ISA)>YTP(6))CALL TMXL1(DMX,TST(12),WLSLC(ISL,ISA),&

               &YTP(6),YTP(6))

               IF(WLSN(ISL,ISA)>YTP(7))CALL TMXL1(DMX,TST(5),WLSN(ISL,ISA),&

               &YTP(7),YTP(7))

               IF(WLMN(ISL,ISA)>YTP(8))CALL TMXL1(DMX,TST(6),WLMN(ISL,ISA),&

               &YTP(8),YTP(8))

            END IF

         END IF

         WLSLNC(ISL,ISA)=WLSC(ISL,ISA)-WLSLC(ISL,ISA)

         RSD(ISL,ISA)=.001*(WLS(ISL,ISA)+WLM(ISL,ISA))

         WPO(ISL,ISA)=TST(17)*ZZ+WPO(ISL,ISA)

         Won(ISL,ISA)=TST(18)*ZZ+WON(ISL,ISA)

         WPMA(ISL,ISA)=TST(19)*ZZ+WPMA(ISL,ISA)

         WPOU(ISL,ISA)=TST(20)*ZZ+WPOU(ISL,ISA)

         FOP(ISL,ISA)=TST(21)*ZZ+FOP(ISL,ISA)

         WPMS(ISL,ISA)=TST(22)*ZZ+WPMS(ISL,ISA)

         DUM(ISL)=TST(25)*ZZ+DUM(ISL)

         UP(ISL)=TST(26)*ZZ+UP(ISL)

         IF(NMIX==0)THEN

            ROK(ISL,ISA)=TST(27)+ROK(ISL,ISA)/ZZ

            CLA(ISL,ISA)=TST(23)+CLA(ISL,ISA)/ZZ

            SIL(ISL,ISA)=TST(24)+SIL(ISL,ISA)/ZZ

         END IF

         WNH3(ISL,ISA)=TST(28)*ZZ+WNH3(ISL,ISA)

         WPML(ISL,ISA)=TST(29)*ZZ+WPML(ISL,ISA)

         WNOU(ISL,ISA)=TST(30)*ZZ+WNOU(ISL,ISA)

         RSDM(ISL,ISA)=TST(31)*ZZ+RSDM(ISL,ISA)

         WCOU(ISL,ISA)=TST(32)*ZZ+WCOU(ISL,ISA)

         WPMU(ISL,ISA)=TST(33)*ZZ+WPMU(ISL,ISA)

         WNMU(ISL,ISA)=TST(34)*ZZ+WNMU(ISL,ISA)

         I1=35

         DO I=1,NDP

            PSTZ(I,ISL,ISA)=TST(I1)*ZZ+PSTZ(I,ISL,ISA)

            I1=I1+1

         END DO

         PSP(ISL,ISA)=DUM(ISL)/(UP(ISL)+DUM(ISL))

         RX=MIN(1.,(100.-ROK(ISL,ISA))/(100.-UN(ISL)))

         FC(ISL,ISA)=FC(ISL,ISA)*RX

         S15(ISL,ISA)=S15(ISL,ISA)*RX

         PO(ISL,ISA)=PO(ISL,ISA)*RX

         CALL SPOFC(ISL)

         SAN(ISL,ISA)=100.-CLA(ISL,ISA)-SIL(ISL,ISA)

         WT(ISL,ISA)=BD(ISL,ISA)*ZZ*1.E4

         WCMU(ISL,ISA)=MAX(1.E-5,WBMC(ISL,ISA)*RT1)

         XX=Z(ISL,ISA)

      END DO          

      XX=DMX-Z(LID(K1,ISA),ISA)

      RT1=MIN(1.,WCMU(K,ISA)/WBMC(K,ISA))

      WNO3(K,ISA)=WNO3(K,ISA)+TST(1)*XX

!     WHPN(K,ISA)=WHPN(K,ISA)+TST(2)*XX

!     WHSN(K,ISA)=WHSN(K,ISA)+TST(3)*XX

      WBMN(K,ISA)=WBMN(K,ISA)+TST(4)*XX

      WLSN(K,ISA)=WLSN(K,ISA)+TST(5)*XX

      WLMN(K,ISA)=WLMN(K,ISA)+TST(6)*XX

!     WHPC(K,ISA)=WHPC(K,ISA)+TST(7)*XX

!     WHSC(K,ISA)=WHSC(K,ISA)+TST(8)*XX

      WBMC(K,ISA)=WBMC(K,ISA)+TST(9)*XX

      WLSC(K,ISA)=WLSC(K,ISA)+TST(10)*XX

      WLMC(K,ISA)=WLMC(K,ISA)+TST(11)*XX

      WLSLC(K,ISA)=WLSLC(K,ISA)+TST(12)*XX

      WLS(K,ISA)=WLS(K,ISA)+TST(14)*XX

      WLM(K,ISA)=WLM(K,ISA)+TST(15)*XX

      WLSL(K,ISA)=WLSL(K,ISA)+TST(16)*XX

      WLSLNC(K,ISA)=WLSC(K,ISA)-WLSLC(K,ISA)

      RSD(K,ISA)=.001*(WLS(K,ISA)+WLM(K,ISA))

      WPO(K,ISA)=WPO(K,ISA)+TST(17)*XX

      WON(K,ISA)=WON(K,ISA)+TST(18)*XX

      WPMA(K,ISA)=WPMA(K,ISA)+TST(19)*XX

      WPOU(K,ISA)=WPOU(K,ISA)+TST(20)*XX

      FOP(K,ISA)=FOP(K,ISA)+TST(21)*XX

      WPMS(K,ISA)=WPMS(K,ISA)+TST(22)*XX

      DUM(K)=DUM(K)+TST(25)*XX

      UP(K)=UP(K)+TST(26)*XX

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)+TST(27)*XX

          CLA(K,ISA)=CLA(K,ISA)+TST(23)*XX

          SIL(K,ISA)=SIL(K,ISA)+TST(24)*XX

      END IF

      WNH3(K,ISA)=WNH3(K,ISA)+TST(28)*XX

      WCMU(K,ISA)=MAX(1.E-5,WBMC(K,ISA)*RT1)

      WPML(K,ISA)=WPML(K,ISA)+TST(29)*XX

	  WNOU(K,ISA)=WNOU(K,ISA)+TST(30)*XX

      RSDM(K,ISA)=RSDM(K,ISA)+TST(31)*XX

      WCOU(K,ISA)=WCOU(K,ISA)+TST(32)*XX

	  WPMU(K,ISA)=WPMU(K,ISA)+TST(33)*XX

	  WNMU(K,ISA)=WNMU(K,ISA)+TST(34)*XX

      I1=35

      DO I=1,NDP

          PSTZ(I,K,ISA)=PSTZ(I,K,ISA)+TST(I1)*XX

          I1=I1+1

      END DO

      PSP(K,ISA)=DUM(K)/(UP(K)+DUM(K))

      ZZ=Z(K,ISA)-Z(LID(K1,ISA),ISA)

      IF(NMIX==0)THEN

          ROK(K,ISA)=ROK(K,ISA)/ZZ

          CLA(K,ISA)=CLA(K,ISA)/ZZ

          SIL(K,ISA)=SIL(K,ISA)/ZZ

      END IF

      IF(UN(K)>0.)THEN

          RX=MIN(1.,(100.-ROK(K,ISA))/(100.-UN(K)))

          FC(K,ISA)=FC(K,ISA)*RX

          S15(K,ISA)=S15(K,ISA)*RX

          PO(K,ISA)=PO(K,ISA)*RX

          CALL SPOFC(K)

      END IF

      SAN(K,ISA)=100.-CLA(K,ISA)-SIL(K,ISA)

      WT(K,ISA)=BD(K,ISA)*ZZ*1.E4

      RETURN

      END






src/TMXL1.f90

      SUBROUTINE TMXL1(DMX,T,W,X,Y)

!     THIS SUBPROGRAM PREVENTS TILLAGE FROM INCREASING TOP LAYER CONTENT

!     BY MIXING

      T=(T*DMX-X+Y)/(DMX-.01)

      W=X

      RETURN

      END






src/TRDST.f90

      SUBROUTINE TRDST

!     APEX1905

!     THIS SUBPROGRAM PLACES 10% OF CROP RESIDUE AND ITS N AND P CONTENT

!     IN THE SURFACE LAYER STORAGE WHEN THE CROP IS HARVESTED, CONVERTS

!     ROOT WEIGHT TO RESIDUE, AND ZEROS CROP GROWTH ACCUMULATORS.

      USE PARM 

      !NN=NCP(IRO(ISA),ISA)

      !DO K=1,LC

          !IF(KGO(K,ISA)>0)EXIT

      !END DO          

      STD(JJK,ISA)=STD(JJK,ISA)+STL(JJK,ISA)

      X1=STL(JJK,ISA)+RW(JJK,ISA)

      XX=UN1(JJK,ISA)/X1

      X3=UP1(JJK,ISA)/X1

      STDN(JJK,ISA)=STDN(JJK,ISA)+XX*STL(JJK,ISA)

      STDP(JJK,ISA)=STDP(JJK,ISA)+X3*STL(JJK,ISA)

      STDL(JJK,ISA)=STDL(JJK,ISA)+CLG(ISA)*STL(JJK,ISA)

      DO KK=1,LRD(ISA)

          K=LID(KK,ISA)

          X1=RWT(K,JJK,ISA)

          X2=X1*XX

          CALL NCNSTD(X1,X2,K)

          FOP(K,ISA)=FOP(K,ISA)+X1*X3

          RWT(K,JJK,ISA)=0.

      END DO

      DM(JJK,ISA)=0.

      STL(JJK,ISA)=0.

      UN1(JJK,ISA)=0.

      UP1(JJK,ISA)=0.

      UK1(JJK,ISA)=0.

      RW(JJK,ISA)=0.

      RD(JJK,ISA)=0.

      CPHT(JJK,ISA)=0.

      AJH1(JJK,ISA)=0.

      X1=TRSD(ISA)+STD(JJK,ISA)

      SRSD(ISA)=SRSD(ISA)+X1

      VIRT(ISA)=0.

      WS(ISA)=1.

      IGO(ISA)=MAX(0,IGO(ISA)-1)

      KGO(JJK,ISA)=0

                     

      HU(JJK,ISA)=0.

      HUI(JJK,ISA)=0.

      HSM(ISA)=0.

      SLAI(JJK,ISA)=0.

      WLV(JJK,ISA)=0.

      WCHT(JJK,ISA)=0.

      IYH(JJK,ISA)=0

      NII(ISA)=IRI(ISA)

      CSTF(JJK,ISA)=COST(ISA)

      COST(ISA)=0.

      IHU(JJK,ISA)=IHU(JJK,ISA)+1

      IF(IHU(JJK,ISA)>NHU(JJK,ISA))IHU(JJK,ISA)=1

      CAW(JJK,ISA)=AWC(JJK,ISA)

      ETG(JJK,ISA)=ACET(JJK,ISA)+ETG(JJK,ISA)

      PSTS(ISA)=0.

      IPST(ISA)=0

      NGD(JJK,ISA)=0

      FGC(ISA)=0.

      FGSL(ISA)=0.

      AJHI(JJK,ISA)=0.

      WRITE(KW(1),1)ISA,NBSA(ISA),IYR,MO,KDA,CPNM(JJK),XHSM(ISA)

      RETURN

    1 FORMAT(1X,2I8,1X,I4,2I2,2X,'KILL',2X,A4,' HUSC = ',F6.2)

      END






src/WDLYSTA.f90

      SUBROUTINE WDLYSTA

!     APEX1501      

!     THIS SUB PROGRAM ASSIGNS EACH SUBAREA A DAILY WEATHER FILE USING

!     IWTH IF GIVEN OR NEAREST STATION TO SUBAREA CENTROID IF IWTH IS

!     NOT GIVEN.  IT ALSO OPENS THE WEATHER FILES.

      USE PARM  

      CHARACTER(20)::ADUM

      IF(IWTH(ISA)==0)THEN

          XX=YCT(ISA)/CLT

          SIN1=SIN(XX)

          COS1=COS(XX)

          D0=1.E20

          DO 

              READ(KR(25),*,IOSTAT=NFL)JJ,ADUM,Y,X

              IF(NFL/=0)EXIT

	          RY=Y/CLT

	          XX=SIN1*SIN(RY)+COS1*COS(RY)*COS((X-XCT(ISA))/CLT)

              D=6378.8*ACOS(XX)

              IF(D>=D0)CYCLE

              D0=D

              IWTH(ISA)=JJ

              FWTH(NDWT)=ADUM

          END DO

      ELSE

          JJ=-1

          DO WHILE(JJ/=IWTH(ISA)) 

              READ(KR(25),*,IOSTAT=NFL)JJ,FWTH(NDWT)

              IF(NFL/=0)THEN

                  WRITE(*,*)'FWTH NO = ',IWTH(ISA),' NOT IN DAILY &

                  WEATHER LIST FILE     SAID = ',NBSA(ISA)

                  STOP

              END IF

	      END DO

	  END IF

      REWIND KR(25) 

	  IF(NDWT/=1)THEN

          DO L=1,MXW

              IF(NBW(L)==IWTH(ISA))GO TO 801

          END DO

      END IF

      MXW=NDWT

      L=MXW!+KND

      NBW(MXW)=IWTH(ISA)

	  IRF(ISA)=NDWT

	  CALL OPENV(KRST(L),FWTH(NDWT),IDIR)

	  IF(KFL(1)>0)WRITE(KW(1),'(T10,A,A80)')'DAILY WEATHER FILE = ',FWTH(NDWT)

      IF(NGN0<=0)THEN

          CALL WREAD(L,2)

      ELSE

          !KK=1 TO CONTINUE WEATHER FILE

          !  =2 TO REWIND WEATHER FILE

          KK=2

          CALL WREAD(L,KK)

      END IF

	  IYR=IYR0

      CALL ALPYR(IYR,NYD,LPYR)

      NDWT=NDWT+1    ! Added to fix bug of wrong weather when multiple subareas are simulated - Luca Doro

      NWTH=MXW

      RETURN

  801 IRF(ISA)=L

      RETURN  

	  END






src/WGN.f90

      SUBROUTINE WGN

!     APEX1501

!     THIS IS THE MASTER WEATHER GENERATING SUBPROGRAM. IT CALCULATES

!     MEAN DAILY MAXIMUM AND MINUMUM AIR TEMPERATURE, SOLAR RADIATION

!     AND RELATIVE HUMIDITY BASED ON WET OR DRY DAY. ALSO CALCULATES THE

!     STANDARD NORMAL DEVIATES.

      USE PARM 

      DIMENSION A(3,3),B(3,3),XX(3),SNDV(3)

      DATA A/.594,.454,-.004,.076,.261,-.037,-.018,-.129,.222/,B/.767,&

      .304,.274,0.,.692,-.33,0.,0.,.873/

      XXX=.5*(OBMX(IWI,MO)-OBMN(IWI,MO))

      III=1

      Z2=WFT(IWI,MO)

      YY=.9*Z2

      TXXM=OBMX(IWI,MO)+XXX*Z2

      RHM=(RH(IWI,MO)-YY)/(1.-YY)

      IF(RHM<.05)RHM=.5*RH(IWI,MO)

      RM=OBSL(IWI,MO)/(1.-.25*Z2)

      IF(RFV0(1)>2.)THEN

          TXXM=TXXM-XXX

          RM=.5*RM

          RHM=RHM*.1+.9

      END IF

      DO I=1,3

          V2=AUNIF(IDG(2))

          SNDV(I)=ADSTN(V1,V2)

          V1=V2

      END DO

      DO I=1,3

          WX(I)=0.

          XX(I)=0.

          DO J=1,3

              WX(I)=WX(I)+B(I,J)*SNDV(J)

              XX(I)=XX(I)+A(I,J)*XIM(J)

          END DO

      END DO        

      DO I=1,3

          WX(I)=WX(I)+XX(I)

          XIM(I)=WX(I)

      END DO

      RETURN

      END






src/WHLRMX.f90

      SUBROUTINE WHLRMX(II)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES DAY LENGTH & MAX SOLAR RADIATION AT THE

!     EARTHS SURFACE.

      USE PARM 

      XI=II

      SD=.4102*SIN((XI-80.25)/PIT)

      CH=-YTN(ISA)*TAN(SD)

      IF(CH>=1.)THEN

          H=0.

      ELSE

          IF(CH<=-1.)THEN

              H=3.1416

          ELSE

              H=ACOS(CH)

          END IF

      END IF  

      DD=1.+.0335*SIN((XI+88.2)/PIT)

      HRLT=7.72*H

      HR1=HRLT-HR0(ISA)

      HR0(ISA)=HRLT

      RAMX=30.*DD*(H*YLS(ISA)*SIN(SD)+YLC(ISA)*COS(SD)*SIN(H))

      RETURN

      END






src/WNDIR.f90

      SUBROUTINE WNDIR

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY WIND DIRECTION.

      USE PARM 

      FX=AUNIF(IDG(6))

      DO J=1,16

          J1=J-1

          IF(DIR(MO,J)>FX)GO TO 3

      END DO

      J=16

    3 IF(J==1)THEN

          G=FX/DIR(MO,J)

      ELSE

          G=(FX-DIR(MO,J1))/(DIR(MO,J)-DIR(MO,J1))

      END IF

      XJ1=J1

      THW=PI2*(G+XJ1-.5)/16.

      IF(THW<0.)THW=PI2+THW

      RETURN

      END






src/WNSPD.f90

      SUBROUTINE WNSPD

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MEAN DAILY WIND SPEED @ 10 M HEIGHT.

      USE PARM 

      V6=AUNIF(IDG(5))

      IF(V6<0.0001)V6=0.003                          ! SU  

      U10(1)=UAVM(MO)*(-LOG(V6))**UXP

      RETURN

      END






src/WRAIN.f90

      FUNCTION WRAIN(R6,X,RST,IWI,MO)

!     APEX1501

!     THIS SUBPROGRAM COMPUTES DAILY PRECIPITATION AMOUNT FROM SKEWED

!     NORMAL DISTRIBUTION.

      DIMENSION RST(3,10,12)

      XLV=(X-R6)*R6+1.

      XLV=(XLV**3-1.)*2./RST(3,IWI,MO)

      WRAIN=XLV*RST(2,IWI,MO)+RST(1,IWI,MO)

      IF(WRAIN<.01)WRAIN=.01

      RETURN

      END






src/WREAD.f90

      SUBROUTINE WREAD(IU,KK)

!     APEX1501

!     THIS SUBPROGRAM READS THE DAILY WEATHER FILE TO THE DAY BEFORE THE

!     SIMULATION BEGINS.

      USE PARM 

      DIMENSION MOFD(12)

      DATA MOFD/31,29,31,30,31,30,31,31,30,31,30,31/

      IF(KK==3)THEN

          READ(KRST(IU),*)JDA,I3

          MO=1

          CALL AXMON

		  CALL AICL

		  I1=KDA

		  I2=MO

	  ELSE

	 	  READ(KRST(IU),2)I3,I2,I1,(XTP(L),L=1,5)

	  END IF

      J3=10000*I3

      J1=100*I2+J3

      II=I1+J1

      K1=I2

	  IF(KK==1)THEN

	      IF(II<IBDT)GO TO 9

          WRITE(KW(36),5)IBDT,II,FWTH(NDWT)

          IBDT=II

	      IYR0=I3

	      GO TO 9

	  END IF

      IF(II==IBDT)GO TO 9

      DO

	      CALL ALPYR(I3,NYD,LPYR)

          DO I2=K1,12

              N1=MOFD(I2)

              IF(I2==2)N1=N1-NYD

              J2=100*I2

              J1=J2+J3

              DO WHILE(I1<N1)

                  I1=I1+1

                  II=J1+I1

                  IF(II==IBDT)RETURN

                  READ(KRST(IU),'()',IOSTAT=NFL)

                  IF(NFL/=0)THEN

                      IF(KK==3)THEN

                          WRITE(KW(1),*)'START DATE EXCEEDS PSO FILE'

                          RETURN

                      ELSE    

                          WRITE(KW(1),*)'START DATE EXCEEDS WTH FILE--&

                          WEATHER GENERATED'

                          NGN=-1

                          KGN=0

                          RETURN

                      END IF    

                  END IF

              END DO

              I1=0

          END DO

          K1=1

          I2=1

          I3=I3+1

          J3=10000*I3

      END DO

    9 REWIND KRST(IU)

      RETURN

    1 FORMAT(14X,7F6.0)

    2 FORMAT(2X,3I4,6F6.0)

    5 FORMAT(T10,'BEGINNING DATE CHANGED FROM',I10,' TO',I10,1X,A80)       

      END






src/WRLHUM.f90

      SUBROUTINE WRLHUM(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY RELATIVE HUMIDITY FROM TRIANGULAR

!     DISTRIBUTION.

      USE PARM 

      Q1=RHM-1.

      UPLM=RHM-Q1*EXP(Q1)

      BLM=RHM*(1.-EXP(-RHM))

      RHD(I)=ATRI(BLM,RHM,UPLM,7)

      RETURN

      END






src/WRWD.f90

      SUBROUTINE WRWD(I,JNT)

!     APEX1501

!     THIS SUBPROGRAM DETERMINES RAINFALL OCCURENCE AND AMOUNT.

!     AMOUNT IS ESTIMATED BY CALLING SUBPROGRAM WRAIN OR FROM A

!     MODIFIED EXPONENTIAL DISTRIBUTION.

      USE PARM 

      IF(JNT==0)THEN

          RN=1.-AUNIF(IDG(1))

          IF(RN>PRW(LW,IWI,MO)+.001)THEN

              RFV0(I)=0.

              LW=1

              RETURN

          END IF

      END IF

      V4=AUNIF(IDG(3))

      IF(ICDP==0)THEN

          R6=RST(3,IWI,MO)/6.

          ZZ=ADSTN(V3,V4)

          RFV0(I)=WRAIN(R6,ZZ,RST,IWI,MO)*PCF(IWI,MO)

          V3=V4

      ELSE

          RFV0(I)=RST(1,IWI,MO)*(-LOG(V4))**EXPK

      END IF

      LW=2

      RETURN

      END






src/WSOLRA.f90

      SUBROUTINE WSOLRA(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES DAILY SOLAR RADIATION FROM A NORMAL

!     DISTRIBUTION.

      USE PARM 

      RX=RAMX-RM

      SRAD(I)=RM+WX(3)*RX/4.

      IF(SRAD(I)<=0.)SRAD(I)=.05*RAMX

      RETURN

      END








src/WTAIR.f90

      SUBROUTINE WTAIR(I)

!     APEX1501

!     THIS SUBPROGRAM SIMULATES MAXIMUM & MINIMUM DAILY AIR TEMPERATURE

!     FROM A NORMAL DISTRIBUTION.

      USE PARM  

      TMX(I)=TXXM+SDTMX(IWI,MO)*WX(1)

      TMN(I)=OBMN(IWI,MO)+SDTMN(IWI,MO)*WX(2)

      IF(TMN(I)>TMX(I))TMN(I)=TMX(I)-.2*ABS(TMX(I))

      RETURN

      END






src/WTAIX.f90

      SUBROUTINE WTAIX(I)

!     APEX1501

!     THIS SUBPROGRAM GENERATES TMX AND TMN FOR MISSING RECORDS (999)

      USE PARM  

      IF(TMX(I)<100.)THEN

          TMN(I)=MIN(OBMN(IWI,MO)+SDTMN(IWI,MO)*WX(2),TMX(I)-.2*ABS(TMX(I)))

      ELSE

          TMX(I)=MAX(TXXM+SDTMX(IWI,MO)*WX(1),TMN(I)+.2*ABS(TMN(I)))

      END IF

      RETURN

      END





