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Overview

In recent years, watershed simulation models have been used to replicate hydrological, sediment,
and nutrient processes in providing scientifically credible information for engineers, scientists, and
decision makers (Arnold et al., 2015). Among different models, the Agricultural Policy
Environmental eXtender (APEX) was specifically initiated and developed to resolve relevant
issues associated with agricultural impact on the natural environment at the field scale (Williams
and Izaurralde, 2006). On the other hand, applications of APEX can be technically tedious, since
a large number of corresponding model parameters may need to be predefined or calibrated to
properly represent the area of interest. In considering this issue, the Agricultural Policy
Environmental eXtender - auto-Calibration and UncerTainty Estimator (APEX-CUTE) was
developed to facilitate the calibration and uncertainty analysis routines with a user-friendly
interface (Wang et al., 2014). APEX-CUTE was developed within the framework of the Integrated
Parameter and Uncertainty Analysis Tool (IPEAT, Yen et al., 2014), with the primary coding
platform in Python. The current revision includes Sensitivity Analysis (SA) and the Dynamically
Dimensioned Search (DDS) algorithm (Tolson and Shoemaker, 2007) for APEX auto-calibration.
For the DDS optimization procedure, APEX-CUTE interacts with APEX by modifying APEX
input files with a candidate solution, running APEX, evaluating model output by calculating
performance statistics, perturbing the current best solution to generate a candidate solution, and
iteratively repeating the process until the maximum number of objective function evaluations is
completed. APEX-CUTE offers sensitivity analysis using the Sobol and FAST method (Morris,
1991; Campolongo et al., 2007).

These SA and auto-calibration tools can be used to complement users’ refinement of an APEX
model. Users are responsible for conducting necessary checks for model input and initial runs
before conducting SA and/or auto-calibration using APEX-CUTE to make sure that the basic
APEX input and setup are correct. More applications of APEX-CUTE can also be found in Wang
et al. (2015).

1  Program Download
A distributable package program is available for local installation at the EPICAPEX model

website. The APEX-CUTE package program is a public domain program and can be downloaded
at no charge.

Program Website: http://epicapex.tamu.edu/model-executables/

Package program to download: APEX-CUTE ver8.0 APEX1501.exe

2 Program Installation
After downloading, execute APEX-CUTE ver8.0 APEX1501.exe to start the installation. A local

directory can be selected as the destination location where the program files will be copied. It is
recommended that the user install the program at the default path (C:\APEX\APEX-CUTE),
though the program can be installed on any local hard drive.


http://epicapex.tamu.edu/model-executables/

Windows protected your PC

Microsoft Defender SmartS reven an unrecognized
app from starting. Running p might put your PC at
risk.

App: APEX-CUTE_ver8.0_APEX1501.exe

Publisher: Unknown publisher

o

Figure 2.1. APEX-CUTE installation screen

¥l Setup - APEX-CUTE

Select Destination Location

Where should APEX-CUTE be installed?

Setup will install APEX-CUTE into the following folder.

To continue, dick Next, If you would like to

select a different folder, dick Browse,

Browse...

Atleast 172.7 ME of free disk space is required.

Cance‘

Windows Start menu can be customized, e.g., APEX-CUTE (Fig. 1b). The start menu folder will
contain a shortcut to run the program and a shortcut to uninstall the program. A user can choose to
place a desktop icon for the program (Fig. 1¢). Follow the in-screen instructions to complete the
installation, which will copy files to the local computer.

1§ Setup - APEX-CUTE ezl [ 57 setup - APEX-CUTE

Select Start Menu Folder
Where should Setup place the program’s shortcuts?

Select Additional Tasks

Which additional tasks should be performed?

i Setup will create the program's shortcuts in the following Start Menu folder.

To continue, dick Mext. If you would like to select a different folder, dick Browse.,

1

Select the additional tasks you would like Setup to perform while installing APEX-CUTE,

then dick Next.

Additional icons:

Create a deskiop icon

[ < Back [ Next > ][ Cancel ]

[ < Back [ Next > ][ Cancel ]

Figure 2.2. Options for Start Menu selection and desktop icon creation

Click Next (1) to continue. To select a different, Start Menu folder, click Browse (2). Follow steps

to finish installation.



3 Setup - APEX-CUTE . E——c—

1§ Setup - APEX-CUTE

Ready to Install
Setup is now ready to begin ingtalling APEX-CUTE on your computer.

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\APEX\APEX-CLITE

(| Start Menu folder:
(l APEX-CUTE

Additional tasks:
Additional icons:

Installing
Flease wait while Setup installs APEX-CUTE on your computer,

Extracting files...
C:\APEX\APEX-CUTE \numpy.random.mtrand.pyd

Create a desktop icon

<Back | Instal |{ Cancel

¥ Setup - APEX-CUTE

Completing the APEX-CUTE Setup
Wizard

Setup has finished installing APEX-CUTE on your computer.
The application may be launched by selecting the installed
icons.

Click Finish to exit Setup.

LT,

Figure 2.3. Completed APEX-CUTE installation and Windows Start Menu shortcut

At this point, the installation is completed, and the user can start APEX-CUTE either from the
Windows Start menu or by double-clicking the desktop icon named APEX-CUTE 8.0.

3 Example Dataset
The installation package includes an example dataset with observed data formatted for APEX-

CUTE. The example dataset is an APEX model for the USDA-ARS Riesel Y2 watershed with
observed flow and water quality data formatted as daily, monthly, and annual time step data. If the
user installed the program at the default path, the program files are located at C:\APEX\APEX-
CUTE folder. An example dataset included in the installation package can be found in a subfolder
CA\APEX\APEX-CUTE\project1501 (Figure 4). Under the project1501 folder, there are two
subfolders. The folder “C:\APEX\APEX-CUTE\projectl501\Obs” contains examples of
observation data. The folder “C:\APEX\APEX-CUTE\project1501\TxtInOut” contains the Riesel
Y2 APEX dataset.
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Figure 3.1 Example dataset
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Detail description of the watershed is well described by Harmel et al. (2007). In addition, example
observation data for daily, monthly, and annual monitoring data for streamflow, sediment, and
crop yield are included in the “Obs” folder.
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Figure 3.2. The Riesel Y2 watershed (adopted from Harmel et al., 2007).

4 APEX Parameters available in APEX-CUTE
APEX parameters (e.g., Table 1) that may be chosen to be included in SA and auto-calibration
processes were based on previous APEX studies (Wang et al., 2006; Yin et al., 2009) and APEX
developers’ experience and recommendations, as summarized by Wang et al. (2012). APEX-
CUTE 8.0 includes 110 PARMS parameters (PARM1-PARM110). The parameters can also be
selected by process category, including 27 water balance/channel flow parameters, 17 soil
erosion/sediment parameters, 25 nitrogen-process parameters, 9 phosphorus-process parameters,
7 carbon-process parameters, 4 pesticide-process parameters, and 17 crop-growth parameters.
Users can select all the relevant parameters for the calibration, or they can conduct an SA first and
then determine which parameters should be included in calibration.



Because water interacts with or drives many environmental processes within a watershed system,
hydrological conditions are critical to the estimations of sediment and nutrient losses. Therefore,
if the erosion/sedimentation component is to be calibrated, hydrology-related parameters should
be selected for calibration. When sediment data are available, flow data are often also available
for calibration. For nutrient calibration, both hydrology and sediment-related parameters should
be included in the calibration (Wang et al., 2014).

5 Observed data

For calibration, observed data should be prepared following the format of the example files
provided with APEX-CUTE. Observed data files should be saved in the Obs folder within the
APEX-CUTE project directory, for example, C:\APEX\APEX-CUTE\project1 501\Obs (Figure 3).
Observed files should follow the required naming convention. The prefix “hyd ” identifies flow
data and “wq_” identifies water-quality data. The filename also identifies the time interval and
Subarea/Reach ID; for example, “yearly2” represents yearly data for Reach 2. Similar naming
conventions are used for monthly and daily data. The ID number in the filename must correspond
to the Subarea/Reach ID specified in the CUTE Setting tab (Figure 8). This allows APEX-CUTE
to associate each observed dataset with the correct model output location. When multiple outlets
are evaluated, separate observation files should be provided for each outlet. For a single-subarea
APEX project, 1 may be used as the Subarea/Reach ID. For daily or monthly analyses, it is
recommended that the observation period begin on January 1 and end on December 31. Missing
daily or monthly observations should be represented by -999.

P

Mame Date modified

g crp_dailyl.csv /1172026 10:24 AM
g crp_daily2.csv 2/11/2026 10:24 AM
g crp_menthlyl.csy 8/11/2026 10:24 AM
g crp_yearlyl.csv 8/11/2026 10:24 AM
g ohs_crop.csv 2/11/2026 10:24 AM
it obs_crop_avg_yield.csv 8/11/2026 10:24 AM
g reh_daily2.csv 2/11/2026 10:24 AM
g rch_menthlyd.csv &/11/2026 10:24 AM
i rch_yearlyd.csv /11,2026 10:24 AM
gt riesel crop yield data.xls 8/11/2026 10:24 AM
g sub_dailyl.csv 81172026 10:24 AM
g sub_meonthly2.csv 8/11/2026 10:24 AM
g/ sub_yearlyl.csv 8/11/2026 10:24 AM

Figure 5.1. Observed data files in the Obs folder

5.1 Reach Observed Data

Reach observation files contain streamflow and water-quality variables. Daily files include Year,
Month, and Day, monthly files include Year and Month, and yearly files include Year.

The supported variables are:



e Flow (m?3/s): Streamflow rate.

e Sed (tons): Sediment yield.

e TN (kg): Total nitrogen.

e TP (kg): Total phosphorus.

e MinN (kg): Mineral nitrogen.

e OrgN (kg): Organic nitrogen.

e MinP (kg): Mineral phosphorus.
e OrgP (kg): Organic phosphorus.
o Tpest (grams): Total pesticide.

A B i D E F G H | J K L
Year Month Day Flow(m3/: Sed(tons) TN(kg)  TP(kg) MinN(kg) OrgN(kg) MinP(kg) OrgP(kg) Tpest(gram

1998 1 1 0 0 -999 -959 -959 -999 -999 -999 -989

1995 1 2 0 0 -999 -999 -999 -999 -999 -999 -989

1995 1 3 0 0 -999 -999 -999 -999 -999 -999 -999

A E i D E F G H | J K L
Year Month Flow(m3/:Sed(tons) TN{kg)  TP({kg) MinMN(kg) OrgM(kg) MinP(kg) OrgP{kg) Tpest(g)

1995 1 0.01742 12.10414 -989 -9399 -889 -9399 -999 -989 -999

1995 2 0.002804 1.570695 -999 -999 -999 -999 -999 -989 -999

1995 3 0.00209 1.282293 -999 -999 -999 -999 -999 -999 -999

A B C D E F G H | J K L
Year Flow(m3/: Sed(tons) TNikg)  TP{kg) MinN(kg) OrgN(kg) MinP(kg) OrgPi{kg) Tpest(g)

19958 0.003134 19.25214 -999 -999 -999 -999 -999 -999 -999

1999 0.000147 0 -999 -959 -999 -999 -999 -959 -999

2000 0.002075 23.52669 -999 -959 -959 -999 -999 -959 -959

Figure 5.2. Examples of reach observed-data files: (a) daily, (b) monthly, and (c) yearly.

5.2 Subarea Observed Data

Subarea observation files contain hydrologic, sediment, nutrient, residue, and soil-temperature
variables. Daily files include Year, Month, and Day, monthly files include Year and Month, and
yearly files include Year.

The supported variables are:

e  Wyld (mm): Water yield.

e Runoff (mm): Surface runoff.

e QDR (mm): Subsurface drainage flow.

e RESQ (mm): Reservoir outflow.

e PET (mm): Potential evapotranspiration.

e ET (mm): Evapotranspiration.

e SW (mm): Soil water content.

e Sed (t/ha): Sediment yield.

e QN (kg/ha): Nitrogen loss in surface runoff.

e QP (kg/ha): Phosphorus loss in surface runoff.

e OrgN (kg/ha): Organic nitrogen loss.

e OrgP (kg/ha): Organic phosphorus loss.

e QDRN (kg/ha): Nitrogen loss through subsurface drainage.
e QDRP (kg/ha): Phosphorus loss through subsurface drainage.



e RSD (t/ha): Crop residue.
e SoilTmp (°C): Soil temperature.

Missing observations should be entered as -999.

A B & D E F G H | J K L M N (o] P Q R 3
Year Month Day Wyld{mm’ Runoffimr QDR(mm) RESQ({mm PET{mm) ET{mm) SWi{mm) Sed(t'ha) QN(kg/ha QP(kg/ha]OrgN{kg/t OrgP({kg/h QDRN(kg/ QDRP(kg/IRSD(t'ha) SoilTmp(C)
1998 1 1 -999 0 -999 -988 -999 -998 -999 0 -999 -999 -889 -999 -89 -999 -89 -999
1998 1 2 -999 0 -999 -999 -999 -999 -999 0 -999 -999 -999 -999 -999 -999 -998 -999
1998 1 3 -999 0 -999 -999 -999 -999 -999 0 -999 -999 -999 -999 -999 -999 -999 -999
1998 1 q 999 6.23 999 -999 999 999 999 0.0155 -999 999 999 999 -999 999 999 999
1998 1 5 -999 58.75 -999 -999 -999 -999 999  0.2385 -999 -999 -999 -999 -999 -999 -999 -999
A B C D E F G H | J K L M N o] P Q R
Year Month Wyld(mm Runoffimr QDR({mm) RESQ{mm PET(mm) ET(mm) SW{mm) Sed(t/ha) QN{kg/ha QP(kg/ha]OrgMikg/t OrgP(kg/h QDRN(kg/ QDRP(kg/IRSD{t'ha) SoilTmp(C)
1998 1 -999 105.1 -999 -999 -999 -999 999 0.2728 -999 -999 -999 -999 -999 -999 -999 -999
1998 2 -999 15.3 -999 -999 -999 -999 993 0.0354 -999 -999 -999 -999 -999 -999 -999 -999
1998 3 -999 12.63 -999 -999 -999 -999 999 0.0289 -999 -999 -999 -999 -999 -999 -999 -999
1998 4 -999 0 -999 -999 -999 -999 -999 0 -999 -999 -999 -999 -999 -999 -999 -999
1998 5 -999 0 -999 -999 -999 -999 -999 0 -999 -999 -999 -999 -999 -999 -999 -999
1998 g 2299 0 =299 2999 =299 2999 =999 (1] 2999 2299 2999 =599 =299 2999 2299 2999
A B C D E F G H | J K L M N (o] Q
Year Wyld{mm Runoff(mr QDR{mm) RESQ(mm PET(mm) ET(mm) SW(mm) Sed({t/ha) QN(kg/ha QP(kg/ha)OrgN(kg/t OrgP(kg/h QDRN(kg/ QDRP(kg/IRSD(t'ha) SoilTmp(C)
1998 -999 222.8 -999 -999 -999 604 -999 0.4339 -999 -999 -999 -999 -999 -999 -999 -989
1999 -999 10.45 -999 -999 -999 604 -999 0 -999 -999 -999 -999 -999 -999 -999 -999
2000 -999 147.9 -999 -999 -999 604 -999 0.537 -999 -999 -999 -999 -999 -999 -999 -999
2001 -999 308.5 -999 -999 -999 604 -993 1.536 -999 -999 -999 -999 -999 -999 -993 -999

Figure 5.3. Examples of subarea observed-data files: (a) daily, (b) monthly, and (c) yearly.

5.3 Crop Yield and Soil Organic Carbon Data

Crop and soil organic carbon observations should follow the formats provided with APEX-

CUTE 8.0. The following fields are used:

e yyyy: ear in which the observation was recorded. Use 9999 for average crop-yield

observations.
e SublID: Subarea ID associated with the observation.
e CROP: Four-letter APEX crop code (e.g., CORN, WWHT, OATYS).
¢ Grain Yield (t/ha): Observed dry grain yield.
e  OCPD (%): Observed organic carbon soil content within the plow depth.
For average crop-yield observations, the following additional field is used:
Biomass (t/ha): Observed total crop biomass.

A E C D E
Yy SublD CROP Grain Yiel OCPD (%)
a 1998 4 CORN 5.85 1.5
19595 3 WWHT 3.01 1.45
1998 1 DATS 3.69 1.46
A B C D E
VyYY sublD CROP Grain Yieli Biomass(t/ha)
b 5539 1 CORN 7 17.17
55999 2 WWHT 3.01 10.5
5539 3 OATS 3.69 12.38

Figure 5.4. Examples of observed (a) year-specific crop yield and soil organic carbon data and

(b) average crop yield and biomass data



5.4 Crop Observed Data
Crop observation files contain crop growth variables used for model evaluation, calibration, or
validation. Daily files include Year, Month, Day, and Cropname; monthly files include Year,
Month, and Cropname; and yearly files include Year and Cropname.
The supported variables are:

e Cropname: Name of the crop being evaluated.

o Biomass (t/ha): Aboveground crop biomass.

e STL (t/ha): Standing live biomass.

e LAI: Leaf area index.

e CHT (m): Crop height.
Missing observations should be entered as -999.

A E C D E F G H
Year Month Day CropnameBiomass ( STL (t'ha) LAl CHT (m)
a 1998 1 1 corn -999 -999 -999 -999
1994 1 2 corn -999 -999 -999 -995
1998 1 3 corn -999 -999 -999 -999
A B C D E F G H
Year Month Cropname Biomass ( STL{t'ha) LAl CHT (m)
1998 1 corn -999 -999 -999 -999
b 1998 2 corn -999 -999 -999 -939
1998 J corn -9499 -9499 -9499 -9499
A B C D E F G H
Year Cropname Biomass ( STL (t/ha) LAl CHT (m)
c 1998 corn -999 -999 -099 -999
1999 corn -999 -999 -999 -999
2000 corn -999 -999 -999 -999

Figure 5.5. Examples of crop observed-data files: (a) daily, (b) monthly, and (c) yearly

Table 5.1. Selected APEX parameters in APEX-CUTE 8.0

Process impacted Influential input or Description Range Default
directly parameter
Runoff CN2 Initial condition II curve number (CN2) +5
CN method or landuse number (LUN)
Parm42 (if NVCN=4) Curve Number index coefficient 05-2.5 0.5
Parm92 (if NVCN=0) Curve number retention parameter coefficient 0.8-1.5 1
Parm20 Runoff curve number initial abstraction 0.05-04 0.2
Green & Ampt SATO Saturated conductivity adjustment factor 0.1-10.0 1
Evapotranspiration Parm34 Equation exponent 0.5-0.6 0.5
(PET) (if Hargreaves PET)
Parm1 Canopy PET factor 1-2 2
(if Penman-Monteith)
ET Parm12 Soil evaporation coefficient 1.5-25 1.5
Parm17 Evaporation plant cover factor 0-0.5 0.1

Irrigation (if used) EFI Irrigation runoff ratio 0-1 0



Tile/drainage flow

Base flow

Erosion/ sedimentation

Routing

Nitrogen cycling
Phosphorus cycling

Carbon Cycling

Parm83
RFPO

Parm40

RFTO
Parm46

Parm47

PEC (if having
conservation practice)
APM

Parm18

Parm19

RCCO or RCHC

RCHK
Parm29

Parm8
Parm59

Parm14
Parm35

Parm7
Parm72

Parm70

FHP
FBM (.sol)

Estimates drainage system lateral

Hydraulic conductivity

Return flow ratio: (Return flow)/(Return flow + Deep
percolation)

Groundwater storage threshold

Groundwater residence day

RUSLE c factor coefficient in exponential residue
function in residue factor

RUSLE c factor coefficient in exponential crop height
function in biomass factor

Erosion control factor

Peak rate — El;, adjustment factor
Sediment routing exponent of water velocity function
for estimating potential sediment concentration

Potential sediment concentration when flow velocity is
1.0 m/s
Channel cover factor

Soil edibility factor

Biological mixing efficiency

Soluble P runoff coefficient

P upward movement by evaporation coefficient
Nitrate leaching ratio

Denitrification soil water threshold

N fixation coefficient
Volatilization/nitrification partitioning coefficient

Microbial decay rate coefficient

Fraction of humus in passive pool

Fraction of organic carbon in microbial
biomass pool

0.1-10

0.05-0.95

0.001 - 1.0

10-50
05-15

0.01-3.0

0-1

0-1.0
1-15

0.005 - 0.05

0.001 - 1.0

0.001 - 0.5
0.1-0.5

10-20
1-30
0.1-1.0
09-1.1
0-1
0.05-0.5
0.05-1.5

0.3-0.9
0.005-0.06

0.5

0.25

30
0.5

1.0

1.0
1.5

0.05

0.7

0.3
0.1

15

0.2
0.99

0.9
0.15

0.3
0.04



6 APEX-CUTE 8.0 User Interface
The APEX-CUTE 8.0 interface organizes the sensitivity analysis and calibration workflow into
several tabs. Users generally proceed from left to right to create or open a project, configure the

analysis, select parameters and outputs, provide observed data when required, and run APEX-
CUTE.

Main Tab

The Main tab is used to create or open an APEX-CUTE project and link it to the required APEX
input files.

Start a new project: Click New project to create a new APEX-CUTE project. Select the
location and name for the project. APEX-CUTE will create the project workspace where the files
and settings associated with the analysis are stored.

Open existing project: Click Browse to locate and open a previously created APEX-CUTE
project. The saved project settings will be loaded so the user can continue working with the
project.

Link the project to the folder location of APEX input files: Click the ... button and select the
folder containing the APEX input dataset that will be used for the analysis.

Copy APEX files: After selecting the APEX input folder, click Copy APEX files. APEX-CUTE
copies the required APEX files into the project's TxtInOut folder. This step is required before
proceeding with sensitivity analysis or calibration.

B CAAPEXWAPEX-CUTE - u} e
File About

LOBRRA

[Mam Task  Ouflets  PARMs  Otherparms  Croppams  Constaints  Observeddata  Run ]

Texas A&M AgriLife Research
APEX-CUTE guidance

Start a new project. Open existing project.
1. Start a new project, or open an

existing project.
New project Browse.
2. Provide an APEX folder to link.
3. Load APEX files to project by dicking
"Copy APEX files..” button.
4, Select SA or Cal in the Task tab.
Link the project to the folder location of APEX input fles. 5. Set the "Select” field 1o 1" In tebs
PARMs/Other parms/Crop parms.

C:\ApexAPEX-CUTE \project150 1\TxtnOut. 6. Add constraints if applicable.

7. For calibration, use the tab

“Observed data™ to add observation
Copy APEX files data.

8. Click "Confirm all are set” and

MNote: this step is required to proceed,
pisred s then "Run APEX-Cute” to run,

Save the login
a tut file.

Export

Figure 6.1. Main interface of APEX-CUTE 8.0

Task: Selects either Sensitivity Analysis or Calibration and configures the corresponding
analysis settings. Sensitivity analysis can be performed using the Sobol or FAST method.
Calibration settings include calibration/validation periods, number of iterations, performance
indicator, calibration option, and initial conditions.



Outlets: Specifies the Subarea/Reach ID, time step, APEX output to evaluate, weighting factor,
and crop name. Up to four output terms can be specified for multi-objective analysis.

PARMs: Selects parameters from PARMS.DAT. Parameters can also be selected by process
category, including water balance/channel flow, soil erosion/sediment, nitrogen, phosphorus,
carbon, pesticide, and crop growth.

Other parms: Selects additional parameters contained in APEX input files such as
APEXCONT, SIT, and SUB.

Crop parms: Selects crop-specific parameters and their ranges for sensitivity analysis or
calibration.

Constraints: Defines optional limits for baseflow ratio, PET, and crop yields. Simulations
outside the selected limits can be excluded during calibration.

Observed data: Opens example observation files or imports user-provided CSV data and saves
the prepared observations to the project's Obs folder.

Run: Confirms the configuration, starts or stops APEX-CUTE, displays run progress, and
provides plots of sensitivity analysis or calibration results.

Logs: A log panel is available throughout the interface to display messages and run information.
Logs can be exported to a text file.

7  Sensitivity Analysis

7.1 Select the Sensitivity Analysis Method

Open the Task tab, select Sensitivity Analysis, and click OK. Under Sensitivity Analysis, select
either the Sobol Method or FAST Method and specify the Number of sampling intervals.

@] C\APEX\APEX-CUTE -
File  About
1)
GARRB
Man | Tak |Oufets PARMs  Otherpams  Cropparms  Constraints  Observeddata  Run

1

Select task

O sensitivity Analysis © caliration

Calioration Setting

@ Calbratonperiod: /10000 3 ter 12312003 &

© s Sobol Method

(O validation period =~ 1/1/2004 St 12312006 3
© 5A: FAST Method

Mumber of iterations: 500

<

Performance indicator:

Calibration option: New calibration

<

Initial condition: User defauit values

<

oK

Save the
a tt file.

Export:

Figure 7.1. Task tab showing sensitivity analysis settings.



7.2 Configure Outlets
Open the Outlets tab and configure the model outputs to be evaluated.

a. Subarea/Reach ID: Enter the ID of the subarea or reach where the model output will be
evaluated.

b. Time step: Select the evaluation interval as Daily, Monthly, or Yearly.
c. APEX output to evaluate: Select the desired APEX output from the drop-down list.

d. Weighting factor: Specify the relative weight of each output. For a single output, use the default
value of 1.0.

e. Crop name: For crop-related outputs, enter the four-letter crop name used in the APEX crop
table.

Up to four output terms can be specified using columns 1-4. This allows multiple model outputs
to be evaluated simultaneously. Click Save after completing the settings.

B CAAPEXWAPEX-CUTE = ] x
File  About

1) 1)
GO BRER
Main Task PARMs Other parms Crop parms Constraints Observed data Run

1

Guidance on outlets setting
Each of the 4 columns below represents a unique term in an objective function {OF). Multiple columns {or terms) can be set to build a
multi objective function.

Row1, Subarea ID or Reach ID for evaluation. *Note that Sub ID is different from Subarea number,

Row2, Choose a timestep for evaluation between Daily, Monthly, and Yearly.

Row3. Weighting facter (0-1) that sets relative significance of the current column in OF,

Row4. APEX output for evaluation. Choose from the drop-down menu.

Row5. Enter a four-etter crop name found in APEX crop table if the selected APEX output for evaluation starts with "CRP-"in Row4.
Otherwise, crop name can remain empty.

Example case: calibrate the model using monthly data of str at Sub 1 and sedi at Sub 2, weighting
70% for flow and 30% for sediment. Neither is watershed outlet.

Column 1: Subarea ID=1, Time step=M, Weight=0.7, APEX output=RCH-flow, Crop name =empty

Column 2: Sub ID=2, Time step=M, Weight=0.3, Apex output=RCH-Sediment 2
1 2 3 4
Subarea/Reach ID: 2
Time step: Monthly ~ Monthly . Monthly ~ Monthly ~
APEX output to evaluate:  RCH-Flow ~ RCH-Flow ~ RCH-Flow ~ RCH-Flow ~
Weighting factor: 1.0
rop name {4etter): CORN

3 Save

Save the log in
a txt file.

Logs

Export

Figure 7.2. Outlets tab for configuring APEX outputs



7.3 Select PARMs

Open the PARM s tab and set the Select field to 1 for each parameter to be included in the sensitivity
analysis. Parameters may also be selected by process category, including water balance/channel
flow, soil erosion/sediment, nitrogen, phosphorus, carbon, pesticide, and crop growth. Click Apply
after selecting a process category and Save after completing the parameter selection.

B CAAPEX\APEX-CUTE - O X

File  About
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2 PARM2 0 2 1 2
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4 PARM4 o 05 0 1
5 PARMS o 0.5 0 1
6 PARME o 1 0 1
7 PARMT 0 08 0 1
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10 PARM10 o 20 1 10
" PARM11 o 0.3 0.1 05
12 PARM12 o 2 15 25
13 PARM13  \ O / 15 0 3

*0=Unselect, 1=Select
3 Save

Save the login
atxt file.

Export

Figure 7.3. PARMs tab for parameter selection.

7.4 Select Other and Crop Parameters

Open the Other parms tab to select additional parameters contained in other APEX input files. Set
Select to 1 for the parameters to be evaluated and click Save. Open the Crop parms tab to select
crop-specific parameters. Set Select to 1 for the desired parameters and click Save.

7.5 Configure Constraints
Open the Constraints tab to define optional limits for model simulations. Set Select to 1 for each
constraint to be applied and specify the appropriate minimum and maximum values.

For example, if rto_bf (baseflow ratio) is selected with a range of 0.5-0.8, simulation results
outside this range are excluded. Constraints can also be used during calibration. Click Save after
completing the settings.



1 CAAPEXVAPEX-CUTE - O X
File  About

GORMRA
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2 PET 0 1 1500 2000 mm/yr
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6 S0YB 0 100 1 5 tha

*Put a +Hetter crop name in rows 3-6 to use grain yields (dry weight) to constrain calibration results

s

Logs

Save thelogin
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Figure 7.4. Constraints tab.

7.6  Run the Sensitivity Analysis

Open the Run tab and click Confirm all are set to verify the configuration. When the setup is
complete, click Run APEX-CUTE to start the sensitivity analysis. The progress bar and log
window display information during execution. After completion, sensitivity rankings can be
displayed by selecting Sobol or FAST under Sensitivity Rank and clicking Update plot.
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Figure 7.5. Run tab showing sensitivity-analysis results.



8 Sensitivity Analysis Output
After the sensitivity analysis is completed, APEX-CUTE generates output files containing the

selected parameters, sampled parameter sets, model outputs, and calculated sensitivity indices. The
output files are saved in the project folder.

MName Date modified Type Size

Obs a3/ File folder

TatinOut 8/11/2026 10:28 AM File folder

TetWork 8/11/2026 10:42 AM File folder
) AvgOut_FAST.csv 2/11/2026 10:42 AM Microsoft Excel ... 9 KB
=] FAST_sample_list.bt & 33 A Text Docurnent 10 KB
=] Params.bt & Text Docurnent 1KE
) Sensitivity_Rank_FAST.csv & Microsoft Excel C... 1KE
D y2.cproj 8/ v CPROJ File 5KB
i) YhyOut_FAST.csv 8/11/2026 10:42 AM Microsoft Excel C... 33,744 KB

Figure 8.1. Output files generated after completing the sensitivity analysis
AvgOut_FAST.csv — Stores the average APEX output obtained for each FAST simulation.
FAST _sample_list.txt — Stores the sampled parameter values used in the FAST sensitivity
analysis. Each row represents one parameter set used in an APEX simulation, and each column
corresponds to a selected parameter.

Params.txt — Lists the APEX parameters selected for sensitivity analysis.

Sensitivity Rank FAST.csv — Stores the first-order (SI_First) and total (SI_Total) sensitivity
indices for each selected parameter.

YlyOut_FAST.csv — Stores the yearly APEX output generated for each FAST simulation.
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Output file: Params.txt
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PM 0)\1
= FAST sample_list.txt
7935 1.311 1.322 0.455 0.500 A B bl
.940 1.326 1.328 0.459 0.280
.945 1.341 1.334 0.464 0.141 1.876 B8.876 (1.875([1.188
-950 1.356 1.340 0- 1.884 6.896 |1.679(/1.198
<455 T-371 1:386:0. 1.644 ©.916 [1.083([1.208
e T \/ z N 1.484 8.936 [1.887|[1.218
Subarea/Reach ID: 7| 1.164 6,956 |1.891([1.228
Time step: Daily ~ || Monthly ~|  Monthly ~ | Monthly w
APEX output to evaluate: | RCH-Flow w RCH-Flow e RCH-Flow e RCH-Flow e
Weighting factor: 1.0
Crop name (4etter): \ CORN/
Save
1 [252.4%4]Jo.501 -
2 |251.860,[0.515 -
3 [251.448lj0.515 Output file: Angut_FAST.csv.csv
4 |250.850L}0.515 Each column is corresponding to one
5 [250.440}0.529 interested APEX output, and each line is
6 [249.860f[0.529 corresponding to one APEX run.
7 |249.469|0.543
5 [248.889))0.543
o |248.499)[0.557
AT "J‘.ur.g..flaj 920L10. 557 hd
A B | C | O | E | F | G | H | I | ] | K |
Flow L 167.553 6.176 158.223 312.236 254.443 180.601 332.463 193.724 51.805 7.971 151.518
sediment? 1.017|  0.029 1.301  1.155 2351  0.865 1.581  1.383  0.225  0.019 1.417
Flow} 167.553 6.176 158.223 312.236 254.443 180.601 332.463 193.724 51.805 7.971 151.518
sediment ! 1017 ©0.029 1301 1155 2251  0.865 1581 1383  0.225  0.019 1417
______ 3 166.466 6.176 158.187 312.001 253.708 180.206 331.073 191.91 49.772 7.828 150.031
______ 3 0.557 0.02 0.758 0.642 1.229 0.474 0.81 0.652 0.131 0.012 0.7‘38_
| J
Average Yearly output |
annual

Figure 8.2. Example sensitivity analysis output files.




9 Calibration

9.1 Configure Calibration

Open the Task tab, select Calibration, and click OK. Configure the calibration settings in the
Calibration Setting panel.

Calibration period: Select the beginning and ending dates for the calibration period.
Validation period: If validation is performed, enable this option and specify the beginning and
ending dates for the validation period.

Number of iterations: Specify the total number of calibration iterations. A range of 500-5000
iterations is generally recommended in the existing APEX-CUTE guidance.

Performance indicator: Select the model performance statistic to be used as the calibration
objective.

Calibration option: Select either New calibration or Continuing from previous run.
e New calibration: Starts a new calibration using the specified settings.
e Continuing from previous run: Continues an incomplete calibration from the previous
stopping point.

Initial condition: Select the method used to initialize the calibration.
e User default values: The calibration starts using parameter values specified in the Default
columns of the parameter tabs.
o Random Sampling: APEX-CUTE performs initial runs using randomly generated
parameter values and uses the best-performing parameter set to initialize the calibration.
Click OK after completing the calibration settings.
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Figure 9.1. Task tab showing calibration settings.

9.2 Configure Outputs and Parameters

Open the Outlets tab and specify the Subarea/Reach ID, time step, APEX output, weighting
factor, and crop name, as applicable. Multiple outputs may be specified for multi-objective
calibration.

Select the parameters to be calibrated from the PARMs, Other parms, and Crop parms tabs. Set
Select = 1 for each parameter to be included and click Save. If required, configure acceptable
simulation limits in the Constraints tab. Observed data required for calibration should be
prepared using the Observed data tab and saved in the project's Obs folder.

9.3 Edit/build Observed data file

Click the Observed data tab to add or edit observation data files. Create a folder named “Obs”
under your project folder. APEX-CUTE will not perform automatic calibration if the Obs folder
does not exist in your project folder or no observation data file exists in it.

B APEX-QUTERD - o x
File  About
i i
GOBRB
Main  Task  Outlets PARMs  Otherparms  Croppams  Constraints Run
Open example observation file Open user's data file (*.csv)
RCH-monthly oK Path:  CUTE\projectiproject]501\0bs\rch_monthiy2.csv . oK

Edit/Save

‘Year,Month, Flow{m3/s),Sed(tens), TN{kg), TP(kg),MinN(kg), OrgN(k
1998,1,0.01742,12.104136,-999,-999,-399,-999,-999,-939,-939
1998,2,0.002804,1.570698,-999,-999,-999,-999,-999,-999,-999

Save file to Obs folder

19803 0.00209,1.252293.490,990 93,3999, 589,475 Data type Time interval
oo © Reach © Monthly
295, 290, 200,205, 379, 298,299
1938,7, 999,-995,-999,-999,-999,-999
1998 8,0, 999,-999,-999,-399,-999,-999 Subarea Yearly
1998,9,0,0,-999,-999,-999,-999,-399,-999,-995
1998,10,0.006539,2.537964,-999,-999,-999,-999,-999,-999,-999 o =

1998, 11,0,003023,0,545751,-999,-399, -999,-999,-999, -999, -999
1998,12,0.0054,1.211301,-999,-999,-939,-399,-999,-999,-999
1999, 1,0.001668,0,-999,-399, -999,-999,-999, -999, -999
1899,2,2.50E-05,0,-999,-999,-999,-999,-999,-999,-999
1999,3,1.94E-05,0,-999,-999,-999,-999,-999,-999,-999
1999,4,2.00E-05,0,-999,-999,-999,-999,-999,-999,-99% subsreaiReach number: 2

C:\APEX\APEX-CUTE\project \project150110b
Path:

199,5,0,0,-599,-999,-995,-999,-599, 999,995
1999,8,0,0,-599,-999,-999,-959,-399,-999,-995

1868 10 11 -060 667 80T 664 -G08 608 650 Save
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Error: Example observation data ks not found.
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Export

Figure 9.2. Configuration for observed data files in the APEX-CUTE interface.

To create a new observation data file, one can use example files as a

B APEx-cuTERD

template. To do this, choose a type of example observation data Fie. about
from the dropdown menu on the top left of the Observed data tab LoprRa - -
and click the OK button. The user can now see comma-delimited | cpen sanpeobsmmmton i o
observation data in the editor window and edit the dates and values. e | &
Ry —
RCH-yearly
Alternatively, the user can open a custom observation file. Choose T i o s

. . . . Crop yield -yearty
the data type by clicking “Open user’s data file” on the top right side = Taismmimmasmmn"
1998,5,0,0,-999,-999,-999,-999,-999,-999,-999
of the Observed data tab.



When editing is finished, the new data can be saved in the Obs folder. Select data type (Reach,
Subarea, or Crop/SOC) and time interval (Monthly, Yearly, or Daily). Enter a subarea/reach
number for which the observed data were measured and provide the path to the Obs folder. Click
the Save button to save the file. This way, the file is named specifically following the naming
convention that APEX-CUTE requires for observed data files. Input “-999” for any data type on
a given day in the observation file when no data is available.

9.4 Run the Calibration
Open the Run tab and click Confirm all are set. After the configuration has been successfully
confirmed, click Run APEX-CUTE to begin calibration. The progress bar and log window
display information about the calibration while it is running. After completion, calibration results
can be examined using the plotting options available on the Run tab.
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Figure 9.3. Run tab for APEX-CUTE calibration and result visualization.

9.5 Calibration Output
After the calibration is successfully completed, APEX-CUTE generates three output files in the

project folder (Figure 9.4).

a. The dds.out (Figure. 9.4a) contains:
e [teration run number (Run#);
e  Corresponding parameter set values (e.g., parm12, parm18, etc.);
e (alculated objective function value (Test OF) for this run; and
e The best objective function value (Best OF) identified so far.

b. The apex.out (Figure 9.4b) saves:



e [teration run number (Run#);
e OQutlet ID

e  Output variable ID (VarID) where “1” represents flow, “2” represents sediment,

etc. as described in the config.dat file line 4;
e  Objective function value of the run (Test OF); and

e The corresponding predicted output variable values (by day, month, or year
depending on user’s choice of calibration time step as indicated in config.dat file

line 8).

c. The modPerf.out (Figure 9.4c) provides:
e [teration run number (Run#);
e QutletID

e  Output variable ID (VarID) where “1” represents flow, “2” represents sediment,

etc. as described in the config.dat file line 5;

e Model performance statistics for each calibration output (e.g., flow and/or

sediment) in each APEX iteration.

E{' E:\apexcal\DDS\dds.out - Notepad++ —= @ & ]
File Edit Search View Encoding Llanguage Settings Macro Run Plugins Window ? X
35 ao@‘ ‘ ‘mbﬂlgilu.!L_llEﬁ‘,L]‘..Eﬁﬂlg
[= dds out IBI
1 Run# parml2 parmls parmlg parm20 parm40 parmide parmd7 parm82 APM Test_OF Best_OF =
2 1 1.500 1.500 0.050 0.200 0.050 0.500 1.000 1.000 0.990 4.272 4.272 ~

Normal text file length: 244 lines: 3 Ln:3 Col:1 Sel:0|0

Dos\Windows ANSI as UTF-8 INS

'Q{' E\apexcal\DDS\apex.out - Notepad++ =[] &
Eile Edit Search View Encoding Language Settings Macro Run Plugins Window 2 X
o= GOEM D‘E-’) ‘mbﬂlgilul‘le"—L]‘..mﬁﬂlm

[=| apexout ﬂ}
1 Run# oOutlet VarID TEST_OF Predicted values--> o
2 1 1 1 4.272 0.363 74.024 45.278 1.2¢68 12.781 9.382 2.105 7.691 14.866 |5
3 1 1 2 4.272 0.000 0.455 0.084 0.000 0.080 0.087 0.023 0.007 0.009 -

< | 1] »

Normal text file length: 1079 lines:4 Ln:4 Col:1 Sel:0|0

Dos\Windows ANSI as UTF-8 INS

Q{ E\apexcal\DDS\modPerf.out - Notepad ++

= | O] [ S

Eile Edit Search View Encoding Language Settings Macro Run Plugins Window 2 X
PR 3 e & oty 2| EBE|=1ED0E O EDN® B
= modPerf out r:l]
1 Run# Outlet VarID PBIAS(%) R2 NSE MERAN STD RMSE ED
2 1 1 1 -13.152 0.824 0.785 22.264 37.783 17.640 10.245 =
3 1 1 2 -15.723 0.887 -5.774 0.112 0.254 0.201 0.083 2
Normal text file length : 276 lines: 4 Ln:4 Col:1 Sel:0]0 Dos\Windows ANSIas UTF-8 INS .

Figure 9.4. Calibration output files: (a) dds.out, (b) apex.out, and (c) modPerf.out.
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