Agricultural Policy Environmental eXtender model ’

QAPEX
USER MANUAL

VER. 1.0

JULY 31, 2026

TEXAS A&M

GRILIFE
RESEARCH



AGRICULTURAL. POLI-
CY/ENVIRONMENTAL
EXTENDER MODEL

QAPEX USER MANUAL
VERSION 1.0

JULY 2026

JAEHAK JEONG AND CHRIS GEORGE

BLACKLAND RESEARCH AND EXTENSION CENTER
TEXAS A&M AGRILIFE RESEARCH
720 EAST BLACKLAND ROAD, TEMPLE, TEXAS 76502



Table of Contents

1  Environment and Tools ReqUired........cccccceeveicirricsserisssancsssnncsssarsssssrcssssssssssssssssssssssssssassses 4
1.1 System requirements for QAPEX ........cooiiiiiiieieeee e 4
1.2 System requirements for APEX Editor (Ver. 1501.10 8.10) ......ccceevuiriiniiveniiinieiennene 4

P 1T 111 1) | RPNt 4
2.1 File Explorer settings: a couple of hints ..........cccooeiiiieiieiiiieeeeeeceeee e 7

3 Structure and Location of Source Data ........ceicveiiviiicssnicssnncnsnncssnncssencsssescssssecssssecnns 7

4  Structure and Location of Qutput Data........cceeevveiiivricssnncsssnncsssnncsssessssssssssssssssssssssasssses 8

5  Setup for Demo Watershed ..........eiicvvveiiiciisnnicnissnnicssssnnncsssssssesssssssssssssssssssssssssssssssssssssssass 8
5.1 Watershed DeliNCation ...........cccuviiiiiiiiiieeciie ettt e e e e e sree e earee e 10
5.2 Create SUDATEAS. ......eiiutiiiieieeit ettt sttt st ebe e 20

6 USing @rid MOEIS......uuueiieiiinniiiiisnnicnsssnnrecsssnnnesssssssscsssssssesssssssssssssssssssssssssessssssssssssssssssssss 29
6.1 Creating @ @I ...co.viiuiiieiieee ettt 29
6.2  UsSINg an eXiIStING GIIA ...cccouiiiiiiiieiiee ettt e e eeiaeesaaeesaaeesneeesnseeenenes 32

7  Preparing daily climatic data for QAPEX......ccuiiiiiirnriciiinnniccsssnricssssnnnecssssssssssssssscsans 34
7.1 Weather ZEeNETAtiON ........cocuiiiiiiiiieie ettt ettt st ebe e 35
7.2 Using global data from the SWAT Web SIte ........cccceeriieiiiniiiiieeiecieeieeeeeee e 35

8 Appendix I: Using a Predefined Watershed and Stream NetworkK..........cccececeeeccscnnrecnns 36

9 Appendix II: Installing and USIng MPI .........couenuirniennensnnnsenssnensecssnecsensssesssecssnesanees 38
9.1 InStalling MS-MPL........ooiiiiiiie ettt et e e 39
9.2 Configuring QAPEX to US€ MPL......c.ooiiiiiieiee et 40
9.3 Blocking network aCCeSS. ... ...uiiuiiiiiiiiieieeiiee e e 40

10 Appendix III: Converting ArcAPEX Projects to QAPEX .......cuievvueinerisnecsercsnenseeccnnes 41
02 O 0y 010 1 SRR PPRRRP 41
JO.2  INSEIUCHIONS. ..eeiutiieeiiieeetie et ee et e et e et e e et e e steeeeateeeeasaeesssaeassaeassseeessseesnsseesssseesnseeennses 43

LO.2.1  PrOICQUISIEES ...eeuvieneieeiiieiieeieeieeettesiteeteeeiteeteesaaeebeesateenseessseeseessseenseessseenseesnseans 43
10.2.2  COMVETSION ..ttt ettt ettt ettt e st e et e s bt e e beesaeeesbeesaeeeabeesateenbeesseeebeesaneans 43
10.3  Land use and SOIl data...........cccueieiiiiiiiieciiece et 45
104 Other data.......ooeeiuieiiiieeee ettt ettt sttt et 47



1 Environment and Tools Required

1.1 System requirements for QAPEX

Microsoft Windows (any version, as far as we are aware)

Text editor (e.g. WordPad, Notepad, Notepad++) that enables you to read and edit ASCII
text files.

Microsoft Access may be useful if you want to examine Access tables, but it is not
essential. It is included in Microsoft Office 365, but not in all versions of Office. The
APEX Editor provides all the needed editing features of Access tables.

QGIS. We recommend using the current long-term release (LTR) of QGIS, which is
version 3.44 (https://www.qgis.org/download/). Long-term releases are preferred because
they are more stable than the latest release, and because QAPEX is tested against them.
You can use the OSGeo4W network installer if you prefer to: it provides more options
and is intended for advanced users.

1.2 System requirements for APEX Editor (Ver. 1501.10_8.10)

Microsoft Windows XP to 11

Microsoft .Net Framework 3.5

Adobe Acrobat Reader Version 7 or higher. Acrobat Reader may be downloaded for free
from: http://www.adobe.com/products/acrobat/readstep2.html

2 Installation

There are three versions of QAPEX, named QAPEX, QAPEX 64 and QAPEX 9. QAPEX is a
32-bit application, and QAPEX 64 and QAPEX 9 are 64-bit. The choice of which to install is
based primarily not on whether your computer is 64-bit or 32-bit, but on which version (if any)
you have of Microsoft Office. QAPEX needs an 'Access database engine' to be installed for it to
run, and this engine has to match your version of Microsoft Office. To be precise:

If you don't have Microsoft Office, then your choice of 32-bit or 64-bit is made according
to your computer.

If you have a 32-bit version of Microsoft Office, then you need to install a 32-bit version
of QGIS, QAPEX, and the 32-bit Access database engine.

If you have a 64-bit version of Microsoft Office, then you need to install a 64-bit version
of QGIS, either QAPEX 64 or QAPEX 9, and the 64-bit Access database engine.
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If you are not sure if your computer is 32- or 64-bit, see if you have a folder C:\Program Files
(x86). If you have, your computer is 64-bit: this folder is where 32-bit applications are typically
stored on 64-bit machines.

If you have a 64-bit computer and are not sure whether your copy of Microsoft Office is 32 or 64
bits, right-click on your desktop icon for one of the Office tools, e.g., Word and select Properties.
Look in the Shortcut tab at the path in the box labeled Target. If it starts C:\Program Files
(x86)\Microsoft Office, then it is 32-bit. 1f it starts C:\Program Files\Microsoft Office, then it is
64-bit.

The choice between QAPEX 64 and QAPEX 9 on 64-bit machines depends on what version of
QGIS you want to run. QGIS 3.16 came in two versions: one with a .exe installer and one with
an .msi installer (the MSI version). All releases from 3.20 onwards will only come as an MSI
version. The two are not compatible, since .exe installed versions use Python 3.7, while MSI
installed versions use Python 3.9. Since .exe versions are no longer being produced, it is sensible
to install QGIS 3.34 (the current long-term release) along with QAPEX 9 unless you need to
carry on using an older version to ensure consistency in an existing project. Projects created on
older versions of QGIS will run on newer versions, though you will get a warning that the newer
version will change the project file and it probably will not reload on an older version. If in
doubt, make a copy of everything before you switch.

APEX projects built on one computer and transferred to another with a different bit size will run
quite happily. But it is possible that the numbering of subareas and subareas may differ if you
rerun watershed delineation or subarea creation.

In the rest of this document we will use Q4APEX to apply to both QAPEX, QAPEX 64 and
QAPEX 9 except where we need to distinguish between them.

= Install QGIS3 by going to the QGIS download page and selecting a long-term release
standalone installer.
This gives you an executable file which you run to install QGIS3. Use the default folder
C:\Program Files (x86)\QGIS 3.... or C:\Program Files\QGIS3.... as the installation
folder. Note that it is essential that you select QGIS3 rather than the earlier QGIS2,
because they use different versions of the Python language. We recommend that you
select a long-term release version of QGIS because that is the one we test QAPEX
against. From now on, we will use Program Files as a folder name, even though it may
be Program Files (x86) on a 64-bit machine.
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* You may already have an APEX Editor if you are already a QAPEX user. If so you do not
need to install a new one. If you do want to install the APEX Editor version, you should
install it. Unzip the installation archive ApexEditorInstaller 9 22 25.zip (or a later
version if available from https://epicapex.tamu.edu/software/) and double-click on the
"setup.exe" program to install the APEX Editor. This will launch the APEX Editor install
program. Use the default folder C:\UPEX\APEXEditor as the installation folder unless the
C:\ drive is not preferred for software installation.

The APEXEditor folder will consist of Databases folder, APEXEditorHelp, ExampleDataset,
and other APEX executables. The database folder consists of APEX2012 databases which
require updating based on user available information (e.g. user soil, weather generator). Refer
to Appendix I on how to update a database. Refer to the APEXEditor Manual.pdf
document in APEXEditorHelp for important information on how to get started with the
APEX Editor.

If you already have APEX Editor because you are currently using QAPEX, then you do not
need to install the latest one, and you may prefer not to if you are in the middle of a project,
as the latest one may well have a different version of the APEX executable.

Make sure you have the system requirements listed above for the APEX Editor to work
properly. Failure to have the above system configuration may result in failure to install the
APEX Editor or errors in the APEX Editor interface.

Users can join the user group for help at
https://groups.google.com/g/agriliferesearchmodeling.

* [Install QAPEX by running QAPEXinstalll.2.1.exe. This adds some files to the
APEXEditor: a project database and a reference database in Databases and also stores the
TauDEM executables in a new folder C:\APEX\APEXEditor\TauDEM539Bin.

You are given a choice to install QAPEX just for yourself or everyone. It is
recommended to choose the first, and this causes the QGIS plugin QAPEX to be put into
the user's home folder as
AppData\Roaming\QGIS\QGIS3\profiles\default\python\plugins\QAPEXor
AppData\Roaming\QGIS\QGIS3\profiles\default\python\plugins\QAPEX 64 or
AppData\Roaming\QGIS\QGIS3\profiles\default\python\plugins\QAPEX 9, which we
will refer to as the QAPEX folder. If your machine is used by other people, each can
install QAPEX, or you can take the other choice, and QAPEX is then installed in
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Program Files as QGIS 3.44.4\apps\qgis-ltr\python\plugins\QAPEX. The path will
depend on the QGIS version number.

The disadvantage of doing this is that if you ever reinstall QGIS, QAPEX will be deleted
and will need to be reinstalled. You will also need administrator privileges.

The latest version of QAPEX or QAPEX 64 or QAPEX 9 can be downloaded from the
APEX website http://swat.tamu.edu/.

Install ~ Microsoft ~ Access  Database  Engine 2016  Redistributablefrom

https://www.microsoft.com/en-us/download/details.aspx?1d=54920. Choose

accessdatabaseengine.exe for a 32-bit installation. If you have made a mistake and the
database engine does not match your Microsoft Office, you will be invited to uninstall Office
in order to install the database engine. Needless to say, do not uninstall Office: install the
other engine and, if necessary, install the appropriate versions of QGIS and QAPEX.

2.1 File Explorer settings: a couple of hints

You are strongly advised to adopt a couple of settings in File Explorer (the tool you use to find

files and folders in Windows). Open File Explorer, select the View tab, and in the Show/hide
section check File name extensions and Hidden items.

The first of these is useful because it makes it easy to see what kind of file you are selecting. In

particular, if you have a shapefile X, say, it comes as a number of files, including X.sip and

X.shp.xml. If you have not made file name extensions visible, these will appear as X and X.shp

respectively, and it will be very easy to choose the second rather than the first when loading a
shapefile into QGIS.

The second is useful because your AppData folder will otherwise not be visible, and if you ever
need to access any file in the QAPEX plugin, in what we are calling the QAPEX folder, you will

not be able to find it.

3 Structure and Location of Source Data

Before starting QGIS, users should prepare their tabular and spatial data according to QAPEX
requirements. Users can refer to Appendix I on preparing tabular data (e.g., preparing soil and
climatic data). All the spatial data (DEM, land use and soil) should be projected into the same
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projected coordinate system... The example files used in this manual are available in the QAPEX
folder in the folder ExampleDataset. This folder contains:

e A DEM in folder DEM

e An outlet file in folder Outlet

e Land use and soil maps in directories Landuse and Soil

¢ Daily (and hourly) weather files in folder Weather

e Wind erosion inputs required to run LWE in folder Lweros

It is a good idea while following this guide to add the ExampleDataset folder to your Quick Ac-
cess list, as we will be regularly accessing files within it.

4 Structure and Location of Output Data

We will be establishing a project called Demo, say, in a folder C:\ APEX Projects\APEXDemo..
This will create:

1 In the folder C:\QAPEX Projects\APEXDemo the project file Demo.qgs (or .qgz) and
a folder Demo. If we later want to reopen the project Demo.ggs will be the file we
look for. The folder Demo is the project folder.

2 Afolder C:\QAPEX Projects\APEXDemp\Demo\Scenarios\Default\TxtInOut that will
contain all the APEX input and output files.

3 Afolder C:\QAPEX Projects\APEXDemo\Demo\Scenarios\Default\TablesIn that may
be used by the APEX Editor.

4 A folder C:\QAPEX Projects\APEXDemo\Demo\Scenarios\Default\TablesOut that
may be used by the APEX Editor and is used to hold results files from visualization.

5 A folder C:\QAPEX Projects\APEXDemo\Demo\Source that will contain copies of
our input maps and a number of intermediate maps generated during watershed
delineation.

6 If we choose to save a APEX run as Siml, say, then a folder
C:\QAPEX Projects\APEXDemo\Demo\Scenarios\Siml will be created (a copy of
C:\QAPEX Projects\APEXDemo\Demo\Scenarios\Default, including its sub-folders).

7 Afolder C:\QAPEX Projects\APEXDemo\Demo\Watershed with several sub-folders

5 Setup for Demo Watershed

Start QGIS and select Plugins menu — Manage and Install Plugins and find QAPEX.
Click its checkbox to install, which takes a few seconds. The APEX icon will appear in the
toolbar (Figure 1).
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Figure 1: QGIS with the APEX icon
Start QAPEX by clicking the APEX icon.

The main QAPEX interface will be displayed. Click the box: New Project.
A browser will be displayed requesting a name for the new project. Navigate to

C:\QAPEX Projects\APEXDemo and enter Demo in the text box labelled File. See Figure 2.
Click Save.

¥ QAPEX 1.2.1 — O X

| About ‘

APE )‘(, .
4

Agriedtural Pollcy Environmental eltender model

| QAPEX parameters |

() Save Project As X
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\ Organize - New folder = < (]
> s Local Disk (C) Name Date modified Type I
> =5 Data (D:) - APEX 5/12/2026 11:58 AM File folder
> w5 Archive (E) I ~ GeoTemple 2/11/2026 11:39 AM File folder

~ inetpub 6/7/2025 10:30 AM File folder

> = Daily D (F)

File name: ‘ v
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Figure 2: Creating a QAPEX project

At this stage, all your maps should be prepared in the same equal area projection. This example
uses an Albers Equal Area projection. Another common choice, because it is available almost
everywhere in the world, is UTM'.

The interface now presents a step-by-step configuration to be followed in order to prepare the
APEX simulation, starting with Step 1 (Figure 3).

% QAPEX 1.21 — O X

Select Project

‘ New Project Existing Project
0 Main Steps

Agticudtural Polley Ervironmenta

Step 1 Delineate Watershed

Step 2 Create Subareas
QAPEX parameters Step 3 | Edit Inputs and Run APEX
OK Cancel

C:\QAPEX_Projects\APEXDemo\Demo

Figure 3: Step 1 interface

At this stage, the project database is created as Demo.mdb in the project folder, and a copy of the
APEX reference database Q4APEXRef2012.mdb is also created there. For this example, you need
to update the reference database with details of the soil data we are using and also possible
weather generation stations. Refer to Appendix I on how to do this.

5.1 Watershed Delineation

"'UTM is not an equal area projection, but is close to being so, and sufficiently close for APEX to use on most
watersheds.
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To start automatic watershed delineation, click the Delineate Watershed button. When the
Delineate Watershed form opens, click the button on the right under Select DEM.

Browse to the ExampleDataset\DEM folder and open the file hdr.adf (Figure 4). This digital
elevation map (DEM) is an ESRI grid and consists of a number of files. The file called hdr.adf
is the one to choose for such a grid. DEMs are raster files (also called grids) and come in a

large variety of formats. A common format is GeoTiff, when you would be looking for a file

with suffix .#if. Click Open.

>

| >

>

7 items

>

>

>

DEM

™ @)
New * & ©
&5 Local Disk (C)
m= Data (D)

= Archive (E))
= Daily D (F3)
== Monthly D (G)
w= WD BLACK (H:)
o= Data (1)
w= Kindle (K2)

= Data (1)

= Kindle (K:)

= WD_BLACK (H3)

h Network

1 item selected 308 bytes

APEXEditor

®

0]

- o X
> ExampleDataset > DEM Search DEM Q
N Sort ¥ = View (I Details

Name Date modified Type
[ dblbnd.adf 9/22/2025 8:57 AM ADF File
‘ [ hdradf 9/22/2025 8:57 AM ADF File
[ prj.adf 9/22/2025 8:57 AM ADF File
[ sta.adf 9/22/2025 8:57 AM ADF File
[ vatadf 9/22/2025 8:57 AM ADF File

[ woo1001.adf

[ wo01001x.adf

9/22/2025 8:57 AM

9/22/2025 8:57 AM

Figure 4: Selecting the DEM

ADF File

ADF File

=lo

The path of the elevation map raster will be displayed in the Select DEM text. The selected DEM
has been copied to the projects Source folder and, if necessary, converted to GeoTiff format (.tif).
If your DEM's units are not metres you can select the DEM properties tab and change them. This
tab also shows the DEM cell size, cell area, projection system and extent in degrees.

Users can burn in an existing stream network using the option Burn in existing stream network.
This is usefulwhen some or all of the watershed being modelled is flat, when it is hard for

delineation software to calculate the stream lines. Burning in lowers the DEM along the stream
lines, so that delineation will tend to place the stream there. You need to use a file with the
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extension *.shAp. You would heck the Burn in existing stream network option and select the file
using the button on the right. We do not burn in a stream network in this project.

The delineation form allows you to opt for a predefined watershed and stream network by
selecting the Use existing watershed tab. If you are interested in using a predefined watershed
and stream network, please refer to Appendix I (Using a Predefined Watershed and Stream
Network).

We will not use MPI, which enables multiprocessing during watershed delineation (see
Appendix IT) and so the Number of processes spinbox should be set to 0.
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ﬂ Delineate Watershed

Select DEM
D:\QAPEX_Projects\APEXDemo\Demo\Source\DEM.tif i
Delineate watershed | Use existing watershed = DEM properties = TauDEM output
Burn in existing stream network
Define threshold
|25[][] | Mumber of cells | 2500 | Area |hectares = |
Make grid |0 | Grid size | Create streams |
v Use an inlets/outlets shapefile
| Draw inlets/outlets | | Select inlets/outlets |
Snap threshold (metres)
|3[][] | | Review snapped |
Create watershed
Merge subareas
Select subareas Merge
Add reservoirs and point sources
Select reservoir subareas| || Add point source to each subarea Add
Mumber
o |5 of show Taudem ok || Cancel
output
processes

Figure 5: Creating stream network

The threshold size for creating subareas should be set next. It can be set by area, in various units
such as sq km or hectares, or by number of cells. QAPEX makes an estimate based on the size
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of the DEM, and in practice it often seems quite appropriate. You can always try the estimate to
see what you get, then adjust it and rerun. Change the threshold method to use hectares, change
the number of hectares to 2500; the number of cells will be adjusted to the corresponding value
(2500, since we are using a DEM with 100 m x 100 m pixels). The threshold is the number of
cells (or area) required to form a stream: a cell will be made part of a stream if it has at least the
threshold number of cells draining into it. Stream reaches are sections of the stream network
between significant points, where significant points are stream sources, stream junctions, and
inlet, outlet, point source, and reservoir points that we may add later. A subarea is an area
draining into a stream reach. There is an option to use a grid model, which we will discuss later:
leave Make grid unchecked (Figure 5). Click Create streams. This step creates streams (Figure
6). It also loads the stream burn-in shapefile if one was selected.

(@ *Demo — QGIS - | X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEERRY [ LLRAV P PR/~ B8 LEOR K- » @
LLAYAN 1S - - i « »owm o @R B
Browser *= E

R = o )

< Favorites E:

v I Spatial Bookmarks
+ [% Project Home

b [&] Home

» [ C\(Local Disk)

» [ DA (Data)

» [ E\ (Archive)

Layers
v @3® T o-BEL
L@ Animations
@J Results
> v L@ Watershed
v/ — Streams (DEMnet)
» V| B Hillshade (hillshade)
~ " DEM (DEM)
Band 1 (Gray)

B 106-135
B 135165

165 - 195
@1 Landuse
[ Soil
v L@ Slope

LSS

RS

[ Q. Type to locate (Ctri+K) ] jl 60323, 1076731 ]% 2\1:320457 .'l & r|100% 2] 2 [00° (4| VIRender @ unknowncrs @

Figure 6: Stream network displayed

An inlets/outlets file containing just a main outlet is provided for this example. Check the Use an
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inlets/outlets shapefile option, and browse to Outlet/out.shp (Figure 7).

Users can add outlets, reservoirs, inlets, and point sources by selecting the Drawlnlets/Outlets
option. This first asks if you wish to add to the existing inlets/outlets file, or create a new one.
Having made this choice, select the type of point to add, and click on the map to place it at the
appropriate place. Points need to be placed on the stream network, and you may need to zoom in
to place them precisely. Only points within the snap threshold of a stream reach will be counted
as points. Click OK to confirm and exit, and Cancel to remove points and exit. If you choose to
draw, a new file, drawoutlets.shp is created in the Watershed\Shapes folder, which may be used
again. See Appendix I for details of the fields needed in an inlets/outlets file if you want to use
your own file. We do not add any additional outlets, reservoirs, inlets, or point sources in this
example.

» *Demo— QGIS

Project Edit View Layer 5ettings Plugins Vector Raster Mesh Progessing Help
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Figure 7: Outlet point added
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If you have several points in your inlets/outlets file, you can choose to use just a selection of
them. To do this choose the Select Inlets/Outlets option. Hold Ctrl and select the points by
clicking on them. Selected points will turn yellow, and a count will be shown at the bottom left
of the main window. You only need to use this option if you want to only use a subset of outlets.
The default is to use all the points in the outlets file or those drawn.

Clicking Create Watershed will create the watershed (Figure 8). The Delineate Watershed
form states how many points were snapped successfully to streams, and how many (if any) failed.
Our form states / snapped, as expected. If you have several points, and some fail, clicking
Review snapped will add to the map a shapefile containing the snapped points, while hiding the
original inlets/outlets file. Points which disappear rather than moving slightly are those that
failed. They need to be shifted closer to a stream. Or you can try Create Watershed again with
an increased snap threshold.

If your watershed does not fill the QGIS canvas, you can select the Watershed layer in the

Layers panel and use the Zoom to layer button (near the top just under Processing) to get a
better view of the watershed.
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Figure 8: Delineated watershed

In QAPEX, users can select and merge subareas. This is especially useful in avoiding small
subareas, which contribute little to the model but consume processing time. To merge subareas,
select the option Select subareas under Merge subareas. Hold the Ctrl key and click in subareas
you want to select. Selected subareas will turn yellow, and a count is shown at the bottom left of
the dialogue window.

In this project we will not merge the selected subarea. Release the Ctrl key and click on the map
outside the watershed and the selected subarea will be unselected. Checking the option of Select
small subareas provides the option to merge subareas below a certain threshold (i.e. either the
area in hectares or a percentage of the mean subarea area) (Figure 9). For this exercise click the
radio button Percentage of mean area, leaving the figure as 5 Click Select. It will show you
subareas that have an area less than 5% of the mean area. Click Save to save your selection.
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(Clicking Cancel would abandon it). Click Merge to perform the merge. Note: you cannot
merge a subarea that has an outlet, inlet, reservoir, or point source.

v | Select small subareas

Select by threshold

Set a threshold for small subareas, either as an area in hectares
or as a percentage of the mean subarea area. Click the Select
button to select subareas below the threshold.

() Area (ha)

5

i@ Percentage of mean area

1 selected | Save

Figure 9: Small subareas selected

Point sources can be added to all the subareas by checking the option Add point source to each
subarea (Figure 10). You can also add reservoirs to selected subareas. You then need to click
Add. Unlike points added earlier, these extra point sources or reservoirs do not create subarea
boundaries, but are added to existing subareas, provided they do not already have point sources
or reservoirs. Adding point sources to all subareas is useful if you have several to add. It is quite
safe since only those you provide input data for will have any effect on the APEX simulation. We
will not add point sources or reservoirs. Uncheck Add point source to each subarea, click Add,
and they disappear: you may need to change the canvas in some way, eg click Zoom to layer, for
the change to be shown.
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Figure 10: Point sources added to each subarea

Finish delineation by clicking OK. This causes the subareas to be numbered and calculates and
stores information about the subareas and streams. This step ends watershed delineation and
enables the Create Subareas option (Figure 11). The Create Watershed form should disappear,
but sometimes it remains and needs to be removed by clicking Cancel.
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About

Select Project

A P E X‘ MNew Project | Existing Project
LD 0 Main Steps

Done Delineate Watershed
Step 2 Create Subareas

QAPEX parameters Step 3 | Edit Inputs and Run APEX

| oK Cancel
D:\QAPEX_Projects\APEXDemao\Demo

Figure 11: Watershed delineation is completed, and Create Subareas is enabled

5.2 Create Subareas

The subareas are defined in terms of their location and shape, but we need to assign land use, soil
and slope range to each of them. This is done with the Create Subareas form.

To do this we click Create Subareas, select ExampleDataset\Landuse\hdr.adf as the Landuse
map, and select ExampleDataset\ Soil\hdr.adf as the Soil map. As with other input maps, these
will be copied into a subfolder of the project. They do not need to be converted to GeoTiff as the
DEM was (a requirement of the TauDEM software). If they are much larger than the DEM, then
a cropped version is used as the copy. These files do need to be rasters: if either is a shapefile
you need to convert it to a raster for which you can use QGIS's Raster -> Conversion ->
Rasterize tool. For a more detailed presentation of how to do this, see the document Using
SSURGO and STATSGO? soil data with QSWAT which you can find on the QSWAT page of the
SWAT website. SSURGO and STATSGO soil data is used in the USA, and the maps are
supplied as shapefiles.

We need lookup tables to convert from the numeric values found in the land use and soil maps to
APEX land use codes and soil names respectively. These lookup tables must be in the project
database. You can prepare these in advance, or use predefined ones like global landuses and
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global soils intended for use with the corresponding global maps, or, as we will do here, use the
option to import a comma-separated values (.csv) file. Lookup tables for land use must have the
string landuse in their names; lookup tables for soils must have the string soil in their names, or
they will not appear in the pull-down menus Landuse table and Soil table, respectively.

Make sure the Soil data option is set to usersoil. The other soil data options are for watersheds
in the USA for which you are using STATSGO, STATSGO2, or SSURGO soil maps. To use
STATSGO?2 or SSURGO soil maps, you will need to download SWAT US SSURGO _Soils.mdb
from https://swat.tamu.edu/media/116649/swat _us_ssurgo soils 2022-03-04.zip and install it in
C:\APEX\APEXEditor\Databases.

In the Tables section, select the option Use csv file in the Landuse lookup pull-down menu.
Initially it is the only option, so you need to click twice, once to open the menu and the second to
select. Then choose the file landuse lookup.csv in the ExampleDataset folder.. This will create
a table landuse_lookup in the project database, and you can see it has been inserted into the
Landuse lookup pull-down menu. It will be available whenever you run this project: you only
need to select Use csv file once.

A suitable structure for a land use lookup table is shown in Figure 13. The first line, commonly
included, is ignored if its first field is not numeric: the headings are not important. On each other
line, the first field, delimited by a comma, is a value from the land use map. The second field is
a generally four-letter APEX land use code, which needs to be defined in the selected crop table.
More than one map value may map to the same land use code, but map values may not be
repeated.

For Soil lookup it is very similar. Select Use csv file, then select soil lookup.csv in the
ExampleDataset folder, No soil lookup table needed with STATSGO2 or SSURGO.

The procedure for Usersoil is the same, with demo_usersoil.csv the file. No usersoil table is
needed unless the Soil data choice is usersoil.

Finally, for Crop, the table is already in the database: select ttiICROPCOM. This is the standard
APEX crop table.

We will form subareas based on slope as well as land use and soil. We add an intermediate point
3 for slopes to divide subareas into those with average slopes in the range 0-3% and those with
average slopes above 3%. Type 3 in the box and click Insert. The Slope bands box shows the
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intermediate limit is inserted.

To read in the data from the DEM, land use, soil and slope maps and prepare to calculate
subareas, make sure Read from maps is checked and click Read (Figure 12). There is also an
option, Read from previous run. This can be used when rerunning the project, provided you
have not rerun the delineation step and have not changed the soil or land use inputs or the slope
bands, to recover information from the project database instead of rereading the grids. Reading
from the database is substantially faster.

ﬂ Create Subareas

Select landuse map
EX_Projects\APEXDemo\DemolSource’cropiLanduse\hdr.adf

Select soil map

VWQAPEX_Projects\APEXDemo\Demo'\Sourcesoil\Soil\hdr.adf

Soil data Tables
. .
usersoil Landuse lookup landuse_lookup -
STATSGO -
Soil lookup soil_lookup -
SSURGO/STATSGO2
Usersoil demo_usersoil b
Set bands for slope (%) Crop thlCROPCOM -
Insert
— Read choice
Slope bands # Read from maps Read
[0, 3, 9999] Read from previous run

Classification tables

Wiew Define Subareas

Create Cancel

Figure 12: Reading the land use and soil maps
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"Value","Landuse"
1, RNGE

2, PAST

3, FRSD

4, WATR

5, AGRL

6, URBN

Figure 13: landuse_lookup.csv

After reading the grids, you will notice a number of changes to the QAPEX display:
= A Slope bands map has been created and added. This allows you to see where the areas
of the two slope bands selected for this project are located. If no intermediate slope limits
are chosen, this map is not created.
= The legends for the land use and soil maps include the land use and soil categories from
the lookup tables.

Also, in the Create Subareas form, Classification tables View and Define Subareas buttons are
enabled.

Before you continue with subarea definition, if you look at the main QAPEX window, you see
that a new item, Select Report to View, is available, and you can choose to view just two reports
at this point: the Elevation and Subareas reports. The elevation report gives information about
how much land is at each elevation from the lowest to the highest, both for the watershed as a
whole and for each subarea (Figure 14). The land use and soil report lists the land use, soil and
slope-band areas for the whole watershed and for each subarea. Figure 15 shows the numbers for
subarea 2.

23



& TopoRep.tut - Notepad

File Edit Format View Help
L4l
Elevation report for the watershed 24 February 2823 16.27
Statistics: All elevations reported in meters
Minimum elewvation: 121
Maximum elewvation: 195
Mean elevation: 154.24
Standard deviation: 12.61
Elevation % area up to elevation % area of watershed
121 8.e85 @.a85
122 @8.e9 @.84
123 8.13 8.84
124 8.13 g.a85
125 8.25 a.a7
126 8.34 g.e8s
127 .42 g.e89
128 1.87 8.685
129 1.43 8.36
13@ 1.91 8.48
131 2.62 a.7e
132 3.23 8.62
133 4.01 @.78
134 4.86 @.85 v
Ln 1, Col 1 100%  Windows (CRLF) UTF-8

Figure 14: Elevation report



Bl subareasReport.txt - Notepad

File Edit Format View Help
Ll
Subarea 2 1734. 6@ 3.14
Landuse
FRSD 468,39 8.83 26.55
PAST 679.53 1.23 39.19
RNGE 495.57 8.9e8 28.58
WATR 94.49 a8.17 5.45
AGRL 4.02 a.e1 a8.23
Seil
TX628 1349. 60 2.44 77.86
TX357 385.60 a.7a 22,20
S5lope
8-3.8 1637.58 2.97 94.43
3.8-9999 96.58 a8.17 5.57
1 FRSD/TXe28/8-3.8 384.58 8.55
5 FRSD/TX628/3.8-9999 12.86 a.a2
11 FRSD/TX357/8-3.08 141.74 a8.26
14 FRSD/TX357/3.8-9999 2.01 a.ae
2 PAST/TX628/8-3.0 564.93 1.2
7 PAST/TX620/3.8-9999 38.20 a.a7
3 PAST/TX357/8-3.8 74,39 8.13
13 PAST/TX357/3.8-9999 2.01 8.0e
3 RNGE/TX628/8-3.8 362.88 8.66
& RNGE/TX628/3.8-9999 39.28 a.a7
9 RNGE,/TX357/8-3.8@ 98.47 a8.1e
12 RNGE/TX357/3.8-9999 3.82 8.1
4 WATR/TX628/8-3.8 23.12 a.e4
15 WATR/TX357/8-3.8 71.37 a.13
1@ AGRL/TX628/8-3.8 4.82 a.a1 w
< >
Ln 1, Col1 100%  Windows (CRLF) UTF-2

Figure 15: Land use and soil report (fragment)

At this point we have an opportunity to change the land uses, soils or slope ranges, either the
amounts of each or even, for example, to change one land use for another. We click the View
button to view the classification tables (Figure 16). The first tab shows the table for land use;
those for soil and slope are similar. The percentages in these tables are the percentages of the
whole watershed that are given to a particular land use, soil and slope range. We can if we wish,
for example, change the AGRL land use, which is general agriculture, for another, say CORN, if
we know that corn is the actual crop grown in this area. Or if we know that some of the forest
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(FRSD) has been replaced by pasture (PAST), we can change their percentages, while of course
maintaining the total of 100. For this exercise, we will leave the tables as they are by clicking
Cancel.

Our next task is to decide which land use, soil and slope range will be used for each subarea.
This is the final task to define the subareas. Click the Define Subareas button (Figure 17).
There are three options:

¢ Dominant land use, dominant soil, dominant slope.

¢ Dominant land use/soil/slope combination.

e User defined.
To understand the first two, look at the numbers in Figure 15 for subarea 2. The dominant land
use, that with the largest area, is PAST. The dominant soil is TX620, and the dominant slope
range is 0-3%. Choosing the first option would select this combination for subarea 2, and do the
same for each of the other subareas.

The dominant combination for subarea 2 is also shown in Figure 15. The combination with the
largest area is numbered 2: PAST/TX620/0-3.0. If we chose the second option, the choice for
subarea 2 and all the other subareas would be made in the same way.

The first two options for subarea 2 turn out to be the same, and this will generally be the case.
The third option, User Defined, allows us to make more precise choices for particular subareas.
To see how this works, select User Defined and then select subarea 2. The tables are filled as
shown in Figure 18. The lower tables show all the land uses, soils and slope ranges occurring in
subarea 2, and their areas in hectares. The current choice is PAST/TX620/0-3.0, as shown in the
boxes in the center. This is the dominant combination and is the default choice. (If we choose to
adopt the User Defined method, the dominant combination will be used for any subareas we
don’t choose to define in detail.) We can now edit the land use, soil or slope range to be used for
subarea 2 by clicking on a line in one of the lower tables and clicking on Update Subarea. The
change will be shown in the central boxes and will be used for this subarea if we finally click OK.

For land uses, we have the option Choose other. If we select it and click Update Subarea, a
new form allows us to choose any land use from our crop table as the land use for this subarea.

To complete subarea definition, we click Create. The form closes, and we are returned to the

main form, where Create Subareas is marked as Done and the next step, Edit inputs and Run
APEX, is enabled (Figure 19).
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Classification tables

Land Use Data Soil Data Slope Data
Value Area(%s) Land Use
1 28.27 RMGE
2 52.50 PAST
3 14.92 FRSD
4 2.86 WATR
3 112 AGRL
& 0.33 URBENM
oK | | Cancel

Figure 16: Land use classification table

= Subarea Definition

Subarea Definition Options

' Dominant Land use, Dominant Soil, Dominant Slope
‘@ Dominant Land Use/Soil/Slope Combination
1 User Defined

User Defined Subarea

Subarea

Land Use Soil Slope Range

I | |

GIS Land Use Data GIS Soil Data GIS Slope Data

Update Subarea

| OK | | Cancel |

Figure 17: Subarea definition



= Subarea Definition

Subarea Definition Options

' Dominant Land use, Dominant Soil, Dominant Slope

! Dominant Land Use/Soil/Slope Combination

@ User Defined

User Defined Subarea
Subarea

12 v

Land Use Soil Slope Range
PAST | TX620 |0-3.0

GIS Land Use Data IS Soil Data IS Slope Data
PAST:080 ha THG20:1349 ha 0-3.0:1637 ha
RMGE:496 ha T¥357:385 ha 3.0-9999:97 ha
FRSD:460 ha

WATR:94 ha

AGRL:4 ha

Choose other

| Update Subarea |

OK | Cancel |

Figure 18: Defining subarea 2
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Figure 19: About to do step 3

It is strongly recommended to save the project (via the file menu of QGIS) at this stage.

6 Using grid models

As well as using a watershed divided into subareas, QAPEX supports division of the watershed
into square grid cells. The grid cells are treated by QAPEX as small subareas.

6.1 Creating a grid

You can create your own grid using watershed delineation as described earlier for the example
watershed, but before clicking the Create watershed button you need to check the box Make
grid and set the Grid size that you want in the spin box. Grid sizes are defined in terms of DEM
pixels. So, for example, in our example we have a DEM whose pixels are 100 x 100 meters: you
can see the pixel size after loading the DEM by selecting the DEM properties tab in the
delineation form. We will choose a grid size of 5, so that our grid cells are 500 x 500 metres
(Figure 20).
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As a result of choosing to create a grid the option to merge subareas is not available. (The tab is
still there, but its contents are not enabled.) Grid models are designed to be homogeneous in
subarea size, so it makes no sense to merge them.

The result of clicking Create watershed is shown in Figure 21. The watershed delineation has
been done as before, and then grid cells were created to cover the watershed. There are 2,313
grid cells in the result: you can see this by right-clicking on the Watershed grid entry in the layers
panel and selecting Show Feature Count. Each grid cell is a subarea. A new streams layer, Grid
streams, has also been created, containing stream reaches to connect grid cells. These reaches
are created by connecting the points of maximum flow accumulation in each grid cell, and you
should find if you make visible the original stream network calculated by TauDEM (the layer
named Streams) that they show good consistency (for small grid sizes) The grid streams
shapefile has an attribute Drainage whose values are the areas in km? draining to the outlet of
each grid cell, and this is used to set the widths of the streamlines in the map canvas.

After clicking the final OK button on the delineation form, creating subareas proceeds exactly as
in the non-grid case. Processing times will typically be longer because we are dealing with much
larger numbers of subareas.

The classification tables will be exactly the same as in the non-grid case.

After reading from maps or from a previous run, Define Subareas is available as in the non-grid

case, but its User Defined option is unlikely to be used when there is such a large number of
subareas.
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ﬂ Delineate Watershed

Select DEM

| D:\QAPEX_Projects\APEXDemo\Demao'Source\DEM.tIf

Delineate watershed | Use existing watershed = DEM properties

TauDEM output

Burn in existing stream network

Define threshold

|25[][] | Number of cells |25 | Area |sq. km

V| Make grid |5 2| Grid size

v Use an inlets/outlets shapefile

- |

| Create streams |

|D:\QAPE:{_F’roj ects\APEXDemo'\Demo\Watershed\Shapeshout.shp

| Draw inlets/outlets | | Select inlets/outlets |
Snap threshold (metres)
300 |

Review snapped |

Create watershed

Merge subareas
Select subareas
Add reservoirs and point sources
Select reservoir subareas| |v| Add point source to each subarea

|[] A| of Show Taudem

processes DUtPUt

Merge

Add

oK | | Cancel

Figure 20: Making a grid
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Figure 21: Grid created

6.2 Using an existing grid

You can use a grid created as in the previous section, or one obtained from another source, as an
existing grid. We start, as before, by running the watershed delineation form and loading the
DEM; we will need this because we need to calculate slopes. Then we choose the Use existing
watershed tab and click Use grid model. Next, we load a grid shapefile. We can use a grid we
created earlier. We will find it under the project folder as Watershed/Shapes/grid.shp. Similarly,
we can find a suitable streams shapefile as Watershed/Shapes/gridstreams.shp. The delineation
form is shown in Figure 22. The inlets/outlets shapefile is optional, and certainly unnecessary if
it only contains outlet(s), as in our example.

As in the non-grid case, each stream reach also has a WSNO attribute, which is the same as the
Polygonld attribute in the watershed shapefile. (For streams created by QAPEX, the LINKNO
and WSNO values will often be the same, but this is not required.) The watershed grid shapefile
also has an attribute Subarea, and it is these Subarea values which are displayed in the map
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canvas when the layer is selected, and the mouse is over the map. These will be used as subarea
numbers by APEX.

ﬂ Delineate Watershed

Select DEM

\D:\QAPEX_Projects\APEXDemo\Demo'\Source\DEM.tif [

Delineate watershed | Use existing watershed | DEM properties = TauDEM output

v Use grid model

Watershed shapefile

|D:‘\,QAF’EJ{_Projects\,APE}{Demo".,Dem0‘\Watersh ed\Shapes\grid.shp | |

Streams shapefile

|D:\QAPE:{_Projects‘pﬂ;PE:{Demo\Demo\Watersh ed\Shapes\gridstreams.shp | |

Inlets/outlets shapefile {optional)

| D:\QAPEX_Projects\APEXDemo'\Demo'\Watershed\Shapes\out.shp | |

Existing calculated fields policy
® Reuse

i) Recalculate and overwrite existing Run

Merge subareas

Select subareas Merge

Add reservoirs and point sources

Select reservoir subareas| |v| Add point source to each subarea Add
MNumber
0T of Show Taudem . oK | Cancel
output
processes

Figure 22: Using an existing grid
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7 Preparing daily climatic data for QAPEX

The user should initially prepare station information. The station information should be prepared
for all the climatic variables for which the user has local data. The header for the table should
consist of columns ID (weather station ID), FileName, LAT (latitude), LONG (longitude) and
ELEVATION. Refer to the example dataset in the folder ExampleDataset\Weather, e.g.,
WDLSTCOM.TXT.

The actual climate data should have the same file name as the station FileName in the station
data (e.g., TX1048.dly). The format of the climate data should be as follows:

Column | Name Column width Type

Year 6 spaces Integer

Month 4 spaces Integer

Day 4 spaces Integer

SRAD (MJ/m2)

Max Temp (°C)

Min Temp (°C)

Rainfall (mm)

Relative Humidity (Fraction) 6 spaces Real

O AN DN B |W|N|—

Wind speed (m/s)

—
()

Atmospheric CO2 (ppm)

—
—

Peak rainfall rate (REP) (mm/hr)

—
\]

Observed crop residue (ORSD) (t/ha)

Missing values are included as -99. The data format is the same for the solar radiation and other
daily weather variables and optional inputs (CO2, REP, and ORSD). Any columns between 4 and
12 can be left empty if no data is available. Refer to the example dataset for precipitation in the
folder ExampleDataset\Weather\TX1048.dly.

The actual climatic data should be saved in the same folder as the station files.

The units for precipitation, temperature, solar radiation, wind speed and relative humidity should
be mm, degree centigrade, MJ/m?, m/s, and decimal fraction, respectively.

For each subareca, APEX uses observed climatic data from the closest station. If there is no
observed station climatic data, QAPEX will use simulated data using the weather generator. The
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algorithm used by QAPEX is as follows: for example, suppose there are weather stations with
identifiers A, B and C, and a table WDLSTCOM. Then the result will be:
Subareas will use measured data from A, B, or C according to which station is closest. If any
data column is empty (no data recorded), then APEX will use simulated data.

This makes it easy for users to vary climate data if they wish, and to combine measured data
from a number of sources. It is even possible to combine simulated and measured data for
different subareas: in the example above, for example, if all SRAD values are empty or -99
(missing data) in A, while SRAD is measured data in B, then the subarea nearer to station A will
use simulated SRAD data and those nearer to B will use measured data.

7.1 Weather generation

When measured data is not available, APEX uses data simulated by a weather generator program
which uses parameters supplied in weather generator files (*.WP1). The APEX Editor uses a
weather generator table, which can contain the parameters for a number of weather stations, each
represented by one line in the table. A default weather generator table (tbIWP1MO US) is
supplied with APEX Editor for the conterminous United States, in the reference database
QAPEXRef.mdb (C:\APEX\APEXEditor\Databases). You can make your own such table, add it
to the APEX reference database with a name starting with the string WGEN. Use Write
InputTables — Weather Stations, select the Weather Generator Data tab, and then find
WGEN _userin the pull-down Locations Table menu. It will then appear in this menu. The APEX
Editor will then allocate to each subarea the nearest weather generation station from the selected
table.

7.2 Using global data from the SWAT web site

The SWAT website offers global weather data (http://globalweather.tamu.edu/). On the website,
you can provide the appropriate Lat and Long values for the bounding box of the study area. If
your search with your bounding box provides you with no (or very limited) station data, you
might try a larger search area. You can acquire climate data that ranges from 1/1/1979 to
7/31/2014. 1t is good to start at midnight (12.00 AM), and also select all five kinds of data. You
can receive the climate data both in APEX files format and CSV files in a zipped folder. It is suf-
ficient to select just the APEX files. The zipped folder will include pcp.txt, rh.txt, solarixt,
tmp.txt, and wind.txt. These files give details of the weather stations — name, latitude, longitude
and elevation. Use Write InputTables — Weather Stations, select the Rainfall Data tab, make
sure the timestep is Daily and Rain gages is checked, and navigate to pcp.txt as the Locations
Table. Then select the Temperature Data tab, check Climate Stations and navigate to tmp.txt.
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In similar fashion, choose rh.txt, solar.txt, and wind.txt in the Relative Humidity, Solar Radia-
tion, and Wind Speed tabs. Select a WGEN table as described above in the Weather Genera-
tor tab and click OK. The APEX Editor assigns weather stations or gauges to subareas accord-
ing to proximity and writes the necessary tables and files. It announces when processing is com-
plete, and you click OK.

8 Appendix I: Using a Predefined Watershed and Stream Network

The delineation form allows you to opt for a predefined watershed and stream network by
selecting the Use existing watershed tab.

On this tab, you can select the shapefiles containing the watershed and its subareas (the
Watershed shapefile) and the stream network (the Streams shapefile). These files need to have
the same projection as the DEM. If you want to use files generated by TauDEM in a previous
project, they can be found in the Sources subfolder of that project, with names ending in
wshed.shp and net.shp, respectively.

It is also possible, but not necessary, to specify an Outlets/Inlets shapefile, and again a file from
the previous project may be used. If such a file is not specified, only main outlet(s) from the
watershed will be used as main outlets in the new project. You will not be able to mark inlets, but
you will later be able to add reservoirs and/or point sources to existing subareas.

The watershed shapefile must be a polygon shapefile (each polygon representing a subarea) with
the following fields:

Necessary/Optional Name Type

Necessary PolygonID Integer
Optional Area Double
Optional Subarea Integer

The streams shapefile must be a line shapefile (each line representing a stream reach) with the
following fields:

Necessary/Optional Name Type

Necessary WSNO Integer
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Necessary LINKNO Integer
Necessary DSLINKNO Integer
Optional DSNODEID Integer
Optional Length Double
Optional Drop Double

An outlets/inlets shapefile must be a point shapefile with the following fields:

Necessary/Optional Name Type

Necessary ID Integer
Necessary RES Integer
Necessary INLET Integer
Necessary PTSOURCE Integer

Necessary fields must be defined in the original files. Optional fields may or may not be defined
originally. With two exceptions defined below, if optional fields are defined, and if the Reuse
button is checked, then their values will be assumed to be correct and reused. If optional fields
are not defined originally, or if the Recalculate button is checked, then they will be defined if
necessary, calculated, and the calculated values inserted?. Any file may have other fields defined:
these will be ignored. The fields may be in any order.

The first exception is the DSNODEID field. This is necessary if an outlets/inlets shapefile is
specified, in which case it is assumed to be correct, and its non-negative values must refer to ID
values in that file. DSNODEID values are never recalculated.

The second exception is the Subarea field in the watershed shapefile. Even if present and Reuse
is selected, it is checked to have suitable values for the APEX basin numbers. These must be
strictly positive and form a consecutive ascending sequence starting from 1, except for basins
which are empty, when the Subarea values must be zero. If the Subarea values do not meet these
requirements, they are recalculated.

There are some conditions imposed on the fields. The PolygonID values in the watershed
shapefile must be unique, non-negative, and must equal the corresponding WSNO values in the

2Changes to these files are only made to the copies of the originals in the Source folder of the project.
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streams shapefile: each subarea must have exactly one stream reach, and each stream reach
(unless it is zero length®) must have exactly one subarea. These two fields provide the connection
between the subareas and the stream reaches. The LINKNO values must also be unique and non-
negative (and will typically but not necessarily be the same as the WSNO numbers). The
DSLINKNO (downstream link) values must each be another LINKNO value or -1, where -1
indicates a watershed outlet. Files previously generated by TauDEM will meet all these
conditions, and their values may be safely reused.

There is also an assumption made about the stream reach shapefile. Each stream reach is a single
line, represented as a sequence of points. The first point in the sequence may represent the
upstream (source) end and the last represent the downstream (outlet) end, or vice versa. TauDEM
creates stream reaches with the first point at the outlet end, but either orientation is accepted by
QAPEX. The assumption is that the orientation is the same for all the reaches. The orientation is
checked by finding a reach with an upstream or downstream reach where the ends of the reaches
are within one DEM cell of each other: normally, such ends will exactly coincide.

The optional fields are (if necessary) calculated as follows:

Field Calculation
Area The area of the subarea in square meters.
Subarea For subareas which are not empty and not upstream of an inlet, a unique

number from the contiguous sequence 1 .. n, where n is the number of
such subareas. These will be the subarea numbers for use by APEX. For
subareas which are empty or upstream of an inlet, 0.

Length The total length in meters of the straight-line segments forming the
reach.
Drop The absolute difference in meters between the elevations of the end

points of the reach.

Note that if a predefined watershed and stream network is chosen, then the length of the stream
reach in each subarea will be used for the maximum flow length in that subarea.

9 Appendix II: Installing and Using MPI

3 Zero length reaches are used to enable triple stream junctions.
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QAPEX uses TauDEM, Terrain Analysis Using Digital Elevation Maps, as the main component
for doing watershed delineation.

The current version of TauDEM is designed for modern multicore architecture. A multicore CPU
has more than one processor: 2, 4, even more. By using an implementation of the Message
Passing Interface (MPI), TauDEM can take advantage of multiple cores, splitting tasks into
several processes distributed between them, and speeding up calculations. It is also able
(provided your machine has enough memory) to process very large DEMs..

The implementation of MPI used by the Windows version of TauDEM is MS-MPI from
Microsoft, which is free to download and use.

By default, MS-MPI is not installed when you install QAPEX: TauDEM will run without it, in
"single process" mode.

You may obtain and install MS-MPI, and we give some instructions below. Then QAPEX will
take advantage of it. There is no point in doing this unless you have a multicore CPU, and
probably not much unless you have large DEMs: over 4 million pixels, say.

It is possible the first time you run one of the TauDEM executables after installing MS-MPI that
you get a TauDEM error, and in the details, you will see

Fatal protocol error: check version between Mpiexec.exe, Msmpi.dll, and Smpd.exe.

The way to fix this is to remove or make inaccessible the copy of msmpi.dll that is stored with
the TauDEM executables in order to enable them to run without MS-MPI. Go to the folder
C:\APEX\APEXEditor\Taudem5Bin and rename msmpi.dll to, say, msmpi_dIl (which is better
than removal as you can restore it later if necessary).

9.1 Installing MS-MPI

Note that you need to be an administrator to install MS-MPI.

e Download the MS-MPI installer MSMpiSetup.exe from
http://msdn.microsoft.com/en-us/library/bb524831%28v=vs.85%29.aspx and install it.

e Restart the machine (otherwise it will not be able to find the executable mpiexec.exe).
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9.2 Configuring QAPEX to use MPI

On the QAPEX main screen there is a QAPEX parameters button. Clicking this enables users to
set the locations of the APEX Editor (by default C:\APEX\APEXEditor) and of mpiexec.exe (by
default C:\Program Files\Microsoft MPI\Bin). Users should also make sure Use MPI is checked:
this is checked by default if the MPI Bin folder exists. Then MPI will be used during watershed
delineation provided the Number of processes spinbox in the Delineate watershed form is set to
some positive number. This should be left at zero if MPI is not installed.

9.3 Blocking network access

MS-MPI supports multi-process computations across several machines. So you may get a
Windows firewall query as to whether you want to allow the MS-MPI program manager, smpd,
access to networks (Figure 23). Since TauDEM only runs multiple processes inside your machine
you may Cancel access (unless, of course, you are using MS-MPI for other purposes for which it
needs network access).

Separate TauDEM executables (D8FlowDir, DInfFlowDir, etc) may also raise the same query,
which is annoying - but it only happens the first time you use them!
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@ Windows Firewall has blocked some features of this app

Windows Firewall has blocked some features of Microsoft HPC MPI Process Manager on all public
and private networks,

@ Mame: icrosoft HPC MPI Process Manager

Publisher: Microsoft Corporation
Path: C:'\program files\microsoft hpe pack 2012%in'smpd.exe

Allow Microsoft HPC MPI Process Manager to communicate on these networks:
Private networks, such as my home or wark network

[ ] Public netwarks, such as those in airports and cafés (not recommendad
because these networks often have lithe or no security)

What are the risks of allowing an app through a firewall?

| @g.]lnw access |

Figure 23: Cancelling network access for MPI

10 Appendix III: Converting ArcAPEX Projects to QAPEX

10.1 Purpose

The purpose of this tool is to help users migrate from using ArcAPEX to using QAPEX. It
enables ArcAPEX users to use the visualization capabilities of QAPEX, using their existing
output data. In addition to reading this guide, users will also need to acquaint themselves with
QGIS 3 and QAPEX documentation. It assumes users have downloaded and installed QGIS 3
and QAPEX according to the instructions in this manual.

The essential steps in QAPEX are much the same as ArcAPEX. Creating the model consists of
first delineating the watershed, then combining the delineated watershed with land use and soil
data and defining subareas. At this point, the work with GIS is complete, and the APEX Editor is
used to add weather data, edit inputs as required, and then run APEX. QAPEX uses the same
APEX Editor as ArcAPEX, so this step will be familiar to users. After running APEX, the editor
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can be used to save the APEX outputs in an output database, and the features of QAPEX's
visualization module are available. If the output database was created within ArcAPEX,
visualization is enabled as soon as conversion is complete.

The conversion tool has three purposes in mind, for which it offers Full, Existing, and Edit, run,
or visualize options.

Full conversion is for users who want to rebuild their ArcAPEX project from scratch.
After conversion, they will be at the start of their APEX project, about to do watershed
delineation. The data they need that could be collected from the ArcAPEX project- the
maps, soil data, weather data, etc. will be available, and they will be able to create a
model as close to or as different from their ArcAPEX project as they wish.

Existing conversion is an option for those who aim to keep their model as close as
possible to the ArcAPEX one. An immediate problem with shifting from ArcGIS to
QGIS is that the watershed delineation software is different and can give different results.
Watershed boundaries may shift, streams may move, and the numbers and boundaries of
subareas may change. To avoid this, the existing option uses the subareas and streams
generated from ArcGIS as the existing watershed, preserving the watershed boundary,
streams and subareas. Adding land use and soil maps is done within QAPEX, as is
subarea calculation, so the details of subareas may differ from the ArcAPEX model.

Edit, run, or visualize conversion is mainly an option for users who just want to run
QAPEX visualization on their existing models without any preparation like delineation
or defining subareas. Nothing is done in GIS, so the subareas and streams are not
changed. After conversion, QAPEX can be used to immediately start the APEX Editor,
the same APEX Editor as used in ArcAPEX, so users may, if they wish, edit their inputs
(inherited directly from ArcAPEX), rerun APEX and save outputs, and use visualization.
Or they can save their ArcAPEX outputs in the output database, if not already saved, and
run QAPEX visualization. Or, if the APEX output was already saved, they can
immediately start QAPEX visualization.

The conversion tool copies much of the ArcAPEX project, and then changes the contents of
some copied files, but it does not affect any of the files in the ArcAPEX project. Nor does it rely
on them afterward: QAPEX always maintains the files it uses within its own project structure.
So your ArcAPEX project is safe, and you can change it or delete it later without affecting the
QAPEX project.
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10.2 Instructions

10.2.1 Prerequisites

You will need to install QAPEX and the APEX Editor from the APEX website, together with
QGIS 3, a 32-bit version, as instructed in this manual.

10.2.2 Conversion

Run C:\APEX\APEXEditor\runConvertFromArc.bat by double-clicking on it or using it as a
command in a command or shell window. If you didn't use a command or shell window, one
will open, and you will see messages there as the conversion progresses.

You will see an initial message about Untested Windows version 6.2, which can be safely ignored.
You will be asked to locate the existing ArcAPEX project directory. You can recognize you are
in the right place because this directory will contain at least the directories called Watershed,
Scenarios, and RasterStore.idb. Then you are asked to identify a parent directory for your
QAPEX project. This should be an existing directory (though you can create one on the fly if
you wish). Note that you are not selecting the QAPEX project directory, since this is about to be
created, but only where that project directory is to be placed. Do not try to arrange the ArcAPEX
and QAPEX parent directories so that one is a descendant of the other, as this would cause
problems (and the tool will prevent you in any case).

Once you have selected the parent directory, you will be invited to reuse the ArcAPEX project
name or create a new one. Once the name is chosen, the tool checks whether the QAPEX project
directory already exists. If it does, the tool checks that you wish to delete it and does so if you
confirm that it should.

Deletion of an existing directory to make the QAPEX project directory sometimes seems to fail,
with a message being displayed to say so. Sometimes this message appears although the deletion
has in fact taken place. If this happens, you can do the following:

e Check with File Explorer if the directory exists and, if so, use File Explorer to delete it.

e [fthere is still a problem, check that there is nothing else (like another File Explorer win-
dow) accessing the directory or one below it.

e Open the Task Manager (right-click in the taskbar to find it), switch to the Details tab,
and kill any processes with the name python.exe or python3.exe. Python processes often
do not die when they are excited.

e Ifall else fails and you still cannot delete a directory, reboot the machine.
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When the QAPEX project directory has been created, as a directory with the project name within
the parent directory, the conversion tool creates all the subdirectories needed, copies the
ArcAPEX project and reference databases, and creates a QAPEX project file (X.qgz in the parent
directory, where X is the project name).

Then the conversion tool opens a form for you to choose between Full, Existing, or Edit, Run, or
Visualize conversion.

If you choose Full or Existing, the DEM, land use and soil rasters and shapefile maps from the
ArcAPEX project are copied: rasters into Source (for the DEM), Source\Landuse or Source\Soil
and shapefiles into Watershed\Shapes. 1In this process, the DEM is converted to a GeoTiff, as
this is required by QAPEX delineation.

QAPEX normally uses two shapefiles to mark points. The first is the inlets/outlets shapefile and
includes the main outlet(s) and any inlets that were defined in the ArcAPEX model. Note the
Monitoring Points shapefile generated by ArcAPEX includes points at stream junctions as well
as main outlets and any extra points defined by the user. QAPEX does not include in its
inlets/outlets shapefile the points that are stream junctions; they are implicit in the model. This
means that if you have marked any additional points as monitoring points (and which have
created subarea boundaries) and are using the Full option, you will need to add them by hand:
QAPEX includes a facility for adding more outlets manually.

If you are using the Full option, delineation will use the inlets/outlets shapefile. It is possible
that some points in that file will not snap to the stream network that QAPEX calculates. If this
happens, you can fix it either by editing the inlets/outlets shapefile using the shapefile editing
capabilities of QGIS, and dragging the affected points to their streams, or it may be sufficient to
increase the snap threshold from its default value of 300m.

The second points shapefile used by QAPEX is the extra inlets/outlets shapefile, which defines
any reservoirs and point sources. If you use the Full option and have reservoirs and/or point
sources, you will need to do the following when you delineate your watershed:
e Complete theCreate watershed step
e If you have reservoirs, click on Select reservoir subareas. The subareas which are high-
lighted will almost certainly not be the ones in which your reservoirs are placed. This is
because the subarea numbers generated by QAPEX will be different from those generated
previously by ArcAPEX. Click on the map canvas outside the watershed to clear the
subareas selection, then hold C#rl and click in the subareas where you can see the reser-
voirs are to be placed. Click Save to exit the selection form.
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e If you want to add point sources, make sure the Add point source to each subarea option
is checked.

e Click Add.

e QAPEX marks the reservoirs near the subarea outlets and the point sources near the sub-
area inlets or stream sources.

If you use the Existing option, the inlets/outlets shapefile is not used. The subareas shapefile
from ArcAPEX is used as the Watershed shapefile, and the stream network is used as the Streams
shapefile. Since we also use the subarea numbering from ArcAPEX, reservoirs and point
sources should be correctly placed: no correction as with the Full option is necessary. The
conversion tool adds the attributes required by QAPEX to the various shapefiles, so running the
delineation form should involve no more than clicking Run and then OK.

The conversion of the subareas and streams shapefiles to QAPEX can generate warnings about
values not being copied because fields are not large enough. It seems that these warnings can be
safely ignored.

10.3 Land use and soil data

For both Full and Existing options, the land use and soil maps from ArcAPEX are copied. We
also need the relevant lookup tables (unless the soil map is SSURGO). Users are invited to
choose to use their own comma-separated value (CSV) file for each of land use and soil if they
have one (they can supply it when they run QAPEX). Otherwise, the following procedure is
used to create lookup tables:

e The land use and soil maps are read, and percentages of each value occurring in them are
calculated.

e The percentages of the watershed for each land use and soil are read from the ArcAPEX
project's LanduseSoilsReport.txt

e The two lists are matched by being placed in descending order of percentage, which
should give the relation between map value and land use or soil name that comprises the
lookup table.

e If the lengths of the lists differ, the percentages from the map are reported in
landuse map percentages.txt or soil map percentages.txt, which are placed in the
QAPEX project directory for manual comparison with the ArcAPEXLanduseSoilsRe-
port.txt, and no CSV file is generated.
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e If consecutive percentages in a list differ by less than one percent, or if percentages in
corresponding lists differ by more than one percent, the user gets a warning message. If
there are percentages which are themselves less than one percent, the user is also warned.

e The CSV files are saved as landuse lookup.csv and soil_lookup.csv in the project directo-
ry.

e When, later, QAPEX is run, there is an option Use csv for the land use and soil lookup
tables which allows these files to be read (and stored as database tables for future runs of
QAPEX). In the meantime, users can inspect these files and correct them if necessary.
This will certainly be necessary if, in the ArcAPEX project, more than one map value
was mapped to the same soil or land use.

The land use and soil maps saved in the ArcAPEX project have been clipped to the ArcAPEX
watershed boundary. This is convenient for creating lookup tables, since the percentages
calculated from maps are correct for the watershed, but a disadvantage when using the Full
option, as the QAPEX watershed may not agree precisely with the ArcAPEX one. QAPEX will
report if the percentage of the watershed covered by the land use or soil map falls below 95%. If
this happens, users should, if possible, replace the land use and soil maps with unclipped maps.
QAPEX does not initially create subareas where soil or land use is not defined, but it will later
enlarge all subareas proportionately so that their total area is the same as the watershed. So
falling below this 95% threshold may not be too much of a problem if the unclipped maps are not
available.

After conversion is complete, you are invited to run QGIS on the converted project immediately.
If you select Yes, QGIS will start. The new project is already selected, but you won't see any
maps displayed: they will be loaded when you click the Q4APEX button. Then, if the Full or
Existing option was chosen, the DEM will be loaded. With the Full option, the inlets/outlets file
will also be loaded, and with the Existing option, the watershed and streams shapefiles will be
loaded, plus any extra inlets/outlets file showing point sources and reservoirs. You are ready to
click on Delineate Watershed, and the appropriate tab for doing a new or existing delineation
will be selected. If the Edit, Run or Visualize option was chosen, the Edit Inputs and Run
APEX button will be enabled, with which you can start the APEX Editor. For all three options, if
there is already an output database copied from the ArcAPEX project in
Scenarios\Default\TablesOut, the Visualize button will be enabled and can be used to visualize
the ArcAPEX project's outputs.

If the Full or Existing option was selected, and the ArcAPEX project had an output database in
its Scenarios\Default\TablesOut directory, then an extra scenario ArcSim (or if ArcSimexists,
ArcSimn where n is a number chosen to make a new directory) is created as a copy of Default.
This protects the shapefiles from ArcAPEX, which were copied to be used in visualization, from
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being overwritten when running delineation or creating subareas within QAPEX. ArcSim(n) is
therefore the appropriate scenario to use when visualizing ArcAPEX outputs after using the Full
or Existing conversion option.

10.4 Other data

For all three options (Full, Existing, and Edit, run, or visualize) and for each scenario, the
ArcAPEXTxtInOut directory is copied as-is into the QAPEX project. This means that the
weather generator, observed weather, reference data, inlet, reservoir and point source data are
preserved. It also includes file.cio, which contains the start and end dates, plus the NYSKIP value
for the simulation.

Note that for the Full option, inlet, reservoir and point source data files may need to be renamed

for the different subarea numbers generated by QAPEX. Visual comparison of the QGIS and
ArcAPEX models is probably the easiest way to see how the subarea numbers have changed.
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