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1. Introduction

1.1 The objectives and expectations from this training module

The objective of this module is to provide the potential audience with the basic skills and system steps for
building a hydrological modeling, using the QSWAT tool. This training material is part of the aims of the PARADeS
project to develop Open Education Resources for human capacity building, increase public awareness of flood
disaster risks, and provide training materials on flood disaster management, using results and examples from
project outcomes in Ghana. Overall, the OER serves as a valuable resource for learning about flood-related
topics and research outcomes, while promoting knowledge exchange and awareness within both scientific and
non-scientific communities. The White Volta River catchment in Ghana and Burkina Faso, West Africa, is used
as an example.

What is the motivating factor to use this training material?

After going through this training module on hydrological modeling, the user is expected to gain knowledge and
basic experience on building a hydrological model with QSWAT, its usefulness in flood and water resources
management, and basic skills in model calibration and validation. This can then be a foundation for building
advanced hydrological models for even more complex and large river catchments in any part of the globe and
at varying scales.

1.2 Hydrological model

Hydrological models represent or simplify the complex interactions and movement of water within the water
cycle of a watershed. It provides coordinated guidance for water resource management, river runoff, and flood
forecasts based on return periods of river flow (observed and simulated) under climate change and land use
scenarios (Marshall, 2014). Numerous Hydrologic models exist and have been widely adapted based on the
expected outcome or the purpose of the modeling and the spatial conditions or scale of the catchment. The
PARADeS project adopted the SWAT hydrologic model, due to its suitability for relatively large and data-scared
catchments, such as the White Volta.

1.3 SWAT model

SWAT is a computer simulation hydrologic model, which uses the water-balanced approach or equation and has
been widely applied in data-scared catchments. The Soil and Water Assessment Tool (SWAT) is a widely used
hydrologic model for simulating the complex processes of the hydrologic cycle at the watershed scale. The SWAT
model is a powerful tool for studying watershed-scale hydrology, land use planning, and water resource
management. It allows for the assessment of various scenarios and the development of strategies to address
water-related challenges and flood forecasting in a watershed. The SWAT model is integrated into GIS software
(ArcGIS and QGIS) as a plugin to delineate watersheds, run simulations, and optimize the visualization of model
outputs.

The input data for the SWAT model broadly include a digital elevation model (DEM), soil data, climate data, and
land use. In catchments where dams or reservoirs exist, the dam management parameters are required as part
of input data. The simulated results can be calibrated, using SWAT-CUP software. However, the calibration
process requires observed data (e.g., river discharge data at either daily, monthly, or annual scale) using
measured river discharge data with catchment-specific parameter ranges as input data. As part of the training
materials, some basic data sets such as the DEM, soil, daily rainfall, and minimum and maximum temperature,
and land use data for the White Volta catchment have been provided to be used as input data to set up the
model and run the simulations.
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1.4 Summary of SWAT hydrological modeling processes

1.

10.

Data preparation: Gather necessary data for the watershed, including topographic data (elevation, slope,
aspect), land use/land cover, soil properties, climate data (precipitation, temperature, wind, solar
radiation), and streamflow measurements. The historical climate data can be (e.g., daily precipitation, daily
minimum and maximum temperature). SWAT requires daily weather data for simulation. Ensure that the
data are in the required format and spatial resolution for the SWAT model. Climate data can be prepared,
using SWAT Weather Generator

Watershed Delineation: Define the boundaries of the watershed of interest using digital elevation
models (DEMs) and GIS software.

Creation of Hydrological Response Units (HRUs): Assigning land use and soil properties to each sub-basin
based on their similarities. SWAT categorizes land use into various classes and soils into different soil
types, each with specific hydrological properties.

Hydrologic Simulation: Set up the SWAT model by specifying input data, parameters, and model options.
Run the SWAT model for specific time periods (e.g., annually, or monthly time steps) using the prepared
input data. Depending on your objective and data availability, the SWAT model has the capability to
simulate various hydrologic processes, including precipitation, runoff, infiltration, evapotranspiration, and
groundwater flow.

Running SWAT check and visualization of model outputs: once the model simulation is complete, you
can run SWAT check to see the water balance ratios of your model before you proceed to save your
simulations output such as the output.rch, output.hru, res, or output.sub. After saving the simulation, you
can then proceed to visualization of results.

Calibration: calibrate the model by adjusting various parameters to match observed streamflow and
other hydrologic data.

Validation: validate the model's performance by comparing simulated results to independent datasets
for different time periods.

Output Analysis: Analyze the model outputs, which may include streamflow, groundwater recharge,
sediment yield, and nutrient loads.

Evaluate the impact of land use and land management scenarios on water resources, using scenarios:
use the calibrated model to simulate different land use and management and climate change scenarios to
assess their effects on the watershed's hydrology. Summarize the results and findings of the hydrologic
modeling study in a clear and understandable manner, and communicate the findings to stakeholders,
policymakers, and the public. This step is crucial for decision-making and water resource management,
land-use planning, and flood risk management.

Model Maintenance and Updating: continue to monitor and collect new data to keep the model up to
date. Periodically re-calibrate and re-validate the model as conditions change.

2. Setting the model using QSWAT

2.1 Computer/technical requirements

For your personal computer requirements, you can the important and updated requirements on the SWAT
webpage (https://swat.tamu.edu/software/qgswat/). Regarding the software requirements, you need not older

software versions stated below:

Microsoft Windows (32 or 64 bits) with free hard drive space of not less than 125 GB

Microsoft .Net Framework 3.5

Adobe Acrobat Reader version 7 or higher (Download Adobe Acrobat Reader: Free PDF viewer)

You also need to download and install (Microsoft Access Data Engine Redistributable 2016) Remember
to choose accessdatabaseengine_X64.exe if your PC is 64 bits. Otherwise, choose 32 bits version

QGIS 3.16 or newer version such as 3.22. These are the long-term release versions
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e SWAT Editor 2012

o QSWAT3_9 (or QSWAT3 the older version. Check the suitable version for Microsoft Operating system)
(See Figure 1)

e SWAT Check 1.2.0.10

e You can download all the required software for QSWAT listed above from the main webpage: QSWAT
SWAT | Soil & Water Assessment Tool (tamu.edu)

QSWAT

QSWAT is a QGIS interface for SWAT. Join the QSWAT Google group to interact
with other members of the community. Download QSWAT3 v1.6.5 for QGIS3 (30
August 2023).

Download QSWAT3_64 Download QSWAT3_9

Download the user manual Download QSWAT3 32-bit

Figure 1. Interface of the QSWAT download site

2.2 |Installation of QGIS and QSWAT

In the case of this training exercise, we are installing QGIS 3.22 and QSWAT3_9 version because the computer
used for building this training material is 64 bits.

After the installation, open QGIS and check for QSWAT plugin. On the QGIS menu bar, go to plugin and click on
Manage and Install Plugins. Click on “Installed” and check the QSWAT3_9 (figure 2)

(2 Untitled Project — OGIS
Project Edit Wiew Layer Settings

[ | o (R &7
@ Python Console Ctrl+Alt+P

B@V.ZAmE &
B~ G RN 28 % T T

@ Plugins | Installed (12)

Layers
i % Al
vas

Vector Raster Database Web Mesh Professing Help

I

Plugins

1 Manage and Install Plugins...

4 Search
& DB Manager
- L P QSWAT3_9
: i Geometry Checker -
A Notinstalled % GRASS7 Create SWAT inputs
V & GRASS GIS provider
& [Invalid v /@& MetaSearch Catalog Client
- « OfflineEditing Tags swat, watershed model
2% Install from ZIP & OrfeoToolbox provider More info homepage
# St Author Chris George
7 @ SAGA GIS provider Installed version 1.6.5
e Te 1 (Charkar

tabase Web Mesh Processing Help
f:\i . _E. £ Il]”@ﬁ a&. {% E 'E'o
Q Gbe]

%' flﬁ I?c (_5 & - Io I ~
femplates Now QSWAT is
visible on the menu

Figure 2. Activation of QSWAT plugin after installation
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PIA\RIA\QGS
2.3 Input data requirement and organization

1. SWAT hydrological model requires (for this training, the input data has been provided for
o DEM (grid or .tiff)
o Soil (grid)
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free)

o Climate data (daily rainfall, minimum and maximum temperature) (prepare with weather

generator “WGEN”")
o land use data (raster format)
o River outlet point (shapefile)

Please note that all the input data must have the same projections. For example, for Ghana it is WGS84 / UTM

30N

2. Tostart building a SWAT model, the input data must be prepared and organized into a single a folder,

where you can easily gain access.
3. For help on how to prepare the input data, you may need support from various sources, i
links and additional materials in the references section on Page 22).

3. Creating a new SWAT hydrological model

3.1 Create a new project

Click the SWAT icon (Labelled #1) in the toolbar (Figure 3). This will open a new window where

ncluding (the

you can either

create a new project or select an existing project (in our case, we will create a new project). Click on New Project
and name it as “SWAT_Volta” and save it in your working directory (the folder you created for the input data).

After saving the project in the working directory, the next steps in “Select Project” frame will be
will notice that Step 1 (#2) is now active and other two are still inactive.
Also, you will see location of your working directory in the bottom left corner.

< @ -

|

About

Select Project

Mew Project Existing Project

QSWAT parameters I~

oK Cancel

D:\QSWAT _training\SWAT Vaolta

Figure 3. Creating a new SWAT project
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3.2 Delineate Watershed

To delineate watershed, go to Step 2 and click on Delineate Watershed. A new window will open for you to
import the DEM (#1). Next, we need to define threshold by specifying the number of cells (e.g., 470) (#2). Click
on create streams (#3).

Note! when you get warnings or messages related to firewall access, simply cancel those messages for the
program to proceed

After creating the stream networks, the next step is creating the stream outlet to set the boundary of the
catchment. In our case, the stream outlet points are provided so all you need is to import it to assist you locate
the outlet. Click on Draw inlets/outlets (#4). Zoom in to the outlet as much as possible to a place where you
want to place the outlet point. Now, click on outlets (#5) and move to the map and place your outlet. Return to
inlet/outlet window and press OK.

{3} Delineate Watershed — O X

Select DEM #1

D:\QSWAT_trainingSWAT_Volta\Source\DEM. tif E
Delineate watershed Use existing watershed DEM properties TauDEM output
(3} Inlets/outlets

Burn in existing stream network

Select type of paint to add, then dick on
map to place it. If you return to the map
canvas to pan, zoom, etc dick Resume
adding to enable adding more points. Click

Define threshold OK. to confirm and exit, Cancel to remove
points and exit.
55254 Number of cells H2 Area | sq. km -
= #s

Create streams Reservoir

v Usze an inlets/outlets shapefie Inlet
Point source

D:/QSWAT _training/SWAT_Volta/WatershedShapes\drawoutiets_sel.shp

Resume adding

#4 Dbraw inletsfoutlets Select inletsfoutlets 2 zelected

Snap threshold {metres)

300 #6 Review snapped  # 7| 2 snapped #8
#9
| Create watershed |
Merge subbasinz
Select subbasins Merge
Add reservoirs and point sources
Select reservoir subbasins Add point source to each subbasin Add
#10
g = MNurnber of Show Taudem Cancel

processes output

Figure 4. Steps for delineating watershed

When the outlet you have created is placed far from the main streamline, you can click on Snap threshold
(meters). The default value is 300 meters (#6). You can change it if appropriate. Click on Review Snapped (#7). A
message “2 snapped” (#8) will show. Now go ahead and click on “Create watershed” (#9). Depending on the
speed of your computer, it may take about 5 to 10 or more to create the watershed. Once the watershed is
created, click on Ok (#10) to complete process under step 2.

33 Create the Hydrological Response Units (HRUs)

After the Step 1 is completed, the Step 2 will be activated for the creation of the HRUs. Land use, soil, and slope
data are required to create the HRUs.

@ @ PARADeS Project in Ghana © 2023 by Prof. Dr. Mariele Evers, Dr. Sylvia Kruse, Ing. Georg Johann, and Prof. Dr. Daniel
T Bachmann is licensed under CC BY-SA 4.0. To view a copy of this license, visit http://creativecommons.org/licenses/by-sa/4.0/ 6



PARADeS

QSWAT3 1.6.5 X
About
Select Project
New Project Existing Project
Main Steps
Done Delineate Watershed
| Step 2 Create HRUs
QSWAT parameters Step 3 |Ed puts and Run SWAT
OK Cancel
D:\QSWAT _training\SWAT _Volta

Figure 5. Step 2 frame is now activated for creating HRUs
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Now click on Create HRUs (Figure 5), and a new window will open (Figure 6). Choosing land use (#1) and for the
landuse table, select csv file (#2). This will allow you to select the landuse table in the next steps. Next, select soil
map (#3) and import the soil map provided (select the hdr.adf file). For the Soil data section click on usersoil (#4),
if not already selected by default. Next, for the Soil Table (#5), select usersoil and load soil data. This allows SWAT
to communicate with the usersoil integrated in the database (QSWATRef2012).

ﬂ Create HRUs

Select landuse map

D:VQSWAT_training \SWAT _Volta'\Source\crop\LULC2020_Res. tif

Select soil map

D:\QSWAT_training\SWAT _Volta'\Source\soil\soil\hdr. adf

Soil data
#4
® ysersoil STATSGO SSURGO/STATSGO2
Generate FulHRUs  Read choice

shapefile
@ Read from maps

Read from
DI'E".-'iDLIS run

Set bands for slope (%) Single Multiple HRUs

#6 Insert #7 Dominant landuse,
soil, slope
Clear )

Dominant HRL

Slope bands

o Filter by landuse, #9

BO, 35, 40, 45, 50, 9999] soil, slope

Filter by area

Optional
Target number of HRUs
Split landuses
Thresheld method

Exempt landuses
® ) Percent of subbasin

Elevation bands Area (Ha)

#1...

Landuse table | landuse_lookup1

T #2

- #3

Soil table soil_lookup

#5

N

Full HRUs count: 5951

Set landuse, soil, slope thresholds

H#12 Ccreate HRUs

0 Landuse (%) 33 10
—_— e #11
0 Sail (%) 26 (10
— Go
0 Slope (%) 56 IEI
-
Cancel

Figure 6. lllustration for creating HRUs
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The next step is to define the slope (in %). Go to Set bands for slope and enter values (5, 10, 15, 20, 25, etc.) in
the box (#6). You must enter the slope values one after the other. Once you enter e.g., 5, you must click on Insert
(#7), and repeat the steps until you have completely defined all your preferred slope values. Once you click on
Read (#8), you will be prompted to choose the Landuse and soil lookup tables (then navigate to the SWAT training
folder and select Landuse lookup file (repeat the steps to import the soil lookup table).

Now move to the next stage under Single/Multiple HRUs frame and click on Filter by landuse, soil, slope (#9). To
create HRU by using the combined land use, soil and slope data, we have to input the threshold in either
percentage or area. Define the threshold for land use, soil and slope (#10), as shown in Figure (6). Proceed by
entering “10” each for land use, soil, and slope, which are widely and usually preferred in SWAT models.
Depending on the version of QSWAT, you may be required to push the Go button (#11) after specifying one
threshold and then move to another. This process must be repeated for soil and slope. After the thresholds are
specified, push the Create HRUs button (#12).

Note! The HRUs window may automatically close when the process is successful

Once Step 2 is completed, you may see it marked “done”

3.4 Editing Input Files and Running SWAT

The Step 3 allows you to edit inputs and run the SWAT model. When you click on the SWAT Editor a window will
open for you to connect your SWAT project to the Database. If your working directory is saved on a different Disk
Drive, you must copy the path in (#1) and paste it in (#2) (this will connect to your local soil database). If not
done, the default soil from the USA will be used. Now click on connect to database (#3). This step allows input of
Weather/climate data.

2 QSWAT3 165 X

About

Select Project

Mew Project Existing Project

Main Steps

Dione Delineate Watershed

QSWAT parameters Done | Create HRUs |
Select report to view - Step 3 | Edit Inputs and Run SWAT
&S SWAT Editor - O X
Write Input Tables  Edit SWAT Input  SWAT Simulation  Help
.. SWAT Project Geodatabase
. il i
Lol s e [DAQSWAT training \SWAT _Volta\SWAT_Volta mdb E

SWAT Parameter Geodatabase
| DNVISWAT _training W SWAT _Volta\QSWATRef 2012 mdb a #1

SWAT Soils Database (Reguired for re-writing tables)
DNVISWAT training SWAT Volia\QSWATRef 2012 mdb a #2

SWAT Executable Folder
|C:'-.S‘."JAT'-.S‘."JATEd'rtor'-. E
#3

Exit Connect to Databases

Figure 7. Steps to creating input tables
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Before creating SWAT input tables, remember to integrate your Weather generator (WGEN_Volta.xIsx) (which is
provided in the QSWAT _training folder) file into the QSWATRef2012 dabase. This database contains the weather
data you created. For support on how import these files into the database, see appendix (page 19).

Now go to Write Input Tables (Figure 8) and load the weather geodatabase (“WGEN_Volta.xIsx”) (#4) from the
dataset provided. Next, load the Rainfall Data but you must choose Dailly for the Precip Timestep in figure 9
(because the data provided was on daily time scale), but check the Raingages box (In case the measured data is
missing, you can choose simulation option). Go to the QSWAT _training folder, open the “swat-weatherdatabase”
folder, further open the PCP folder, and select the StPCP.txt file for Rainfall (#5). Repeat the same step in figure
9 for Temperature Data (#6), by selecting the StTMP.txt. file and check the Climate stations box (#7) (figure 9).

Finally, click OK (#8). This will create a weather database for the study area.
Then, you will get a message that processing complete (#9). Now, click OK (#10) on the dialogue box. Now, click
on Cancel on the Weather Data Definition window (#11).

& SWAT Editor — | *
. . . ) #11
Write Input Tables | Edit SWAT Input  SWAT Simulation  Help ¢
| Weather Stations |
Write SWAT Input Tables W & Weather Data Definition - O *
Relative Humidity Data ] Solar Radiation Data ] Wind Speed Data ]
Database Update M‘;ezla.ther Generator Data l Rairirf;g[)ata ] Temper;;,_ge Data ]
—training ™. Vot TRef2012 mdb

Select Manthly ‘weather Database

SWAT Soils Database (Reguired for re-writing tables)
| DAASWAT training \ SWAT_Volta"QSWATRef 2012 mdb

Locations Table: || ﬂ
WGEN_US_FirstOrder
i N se

@ @ &

W P_T960_T990
WGEN_US_COOP_1360_2010
WGEN_US5_COOP_1380_2010
WGEN_US_COOP_1590_2006

SWAT Executable Folder
|C:\SWAT\SWATEditor

[}

Bt Connect to Databases

Ready
Figure 8. Steps for importing input data

&

Relative Humidity Data ] Solar Radiation Data ] Wind Speed Data ]
Weather Generator Data | Rainfall Data  Temperature Data ]

" Simulation

& Climate Stations | #7

|D MASWAT trainingClimate data \ TMP St TMP txt E

Locations Table:

Cancel  [[| #8 0k ||
ArcSWAT X

_:' Processing complete

Processing complete

Figure 9. Further steps for importing input data
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A. Write Input Tables

After generating weather database, create all input files by selecting Write Input Tables (#1) in figure 10. A new
window named Write SWAT Database Tables will be displayed. Click on Select All (#2) and then click on Create
Tables (#3). The order of the steps are labelled A, B, and C in figure 10.

& SWAT Editor A - O & Write SWAT Database Tables C — O *
Write Input Tables  Edit SWAT Input  SWAT Simulation  Help Select Tables to Write
Weather Stations Completed  |v Confirguration File (.Fig)
[Write SWAT Input Tables [#1 [ Volta.mdb E Completsd |7 Soil Data ( Sol)
Databasze Update Completed |V ‘weather Generator Data {.\wign)
_training _Votta \TRef2012 mdb E Completed | Subbasin/Snow Data (.Sub/.Sno)
SWAT Soils Database (Required for re-writing tables) Completed v HRU/Drainage Data (. Hrw' Sdr)
|D:‘\QSWAT_training\,SWAT_VnIta\QSWATHefZWE.mdb E Completed  [W Main Channel Data [ Fte)
SWAT Executable Folder Completed W Groundwater Data (.Gw)
[C-\SWAT\SWATEditor ﬂ Incomplete [ \Water Use Data (\us)
Incomgplste v Management Data [ Mgt)
Exit Connect to Databases Incomplete v Soil Chemical Data (.Chm)
Incomplete | Pond Data (.Pnd)

ArcSWAT

Incomplete W Stream Water Quality Data (. Swa)
Use weather database to calculate heat units to maturity (U oniy)? Incomplete [ Septic Data (.Sep)
= | Incomplete W Operations Data (Ops)

: - Incomplete [ \Watershed Data ( Bsnl \Wheg)
Incomplete v Master Watershed File [ Cig)

ArcSWAT

Do you want to re-write the exiting 'pp’ (point source] information?

#2 Select Al Cancel Create Tables  [#3
| |

ArcSWAT Building Wus table .. HENNNRNEREI

Do you want to re-write the exiting ‘ppi’ (inletr} information?

Yes | Mo I

Figure 10. Writing Input Tables

A series of queries will pop up (see B) click no to all, and click yes to write new inlet tables, because our study
area is different from the default SWAT study area which is in the USA.
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The next step is to update the SWAT database (See Figure 11). Select all the components (#1) and click on Update
database (#2). Once complete, you will receive a success message. Click Ok (#3) to exit. Now close that frame.

& swaT Editor

Weather Stations

Database Update
R _training.

SWWAT Scils Database (Required for re-writing tables)

Write SWAT Input Tables _Volta mdb

GLER: TRef2012mdb

- o x|

Write Input Tables  Edit SWAT Input  SWAT Simulation  Help .

a

| DAQASWAT training s SWAT _Volta\QSWATRef2012 mdb

SWAT Executable Folder

a

|C\SWAT\SWATEditor

E Select SWAT Tables to Update

ArcSWAT

#1

:l SWAT Project Database Updated!

#3

QK |

W Update SWAT Range Tables |

Update Database | H2

4

Figure 11. Steps to update SWAT database

C. Edit SWAT Input

Next, go to Edit SWAT Input and choose the PET mothed (#2) that can help simulate the missing PET for our study
area (White Volta). Hargreaves method is the best for estimating PET when measured data is unavailable for your
catchment. Start from (#1), (#2), and (#3) to open and choose the PET method as illustrated in figure 12.

& swaT Editor

Write Input Tables
SWAT Project Gec
DAASWAT trainin
SWAT Parameter |
DAQSWAT _trainin
SWAT Soils Databs

D:AASWAT trainin

SWAT Executable
CASWATWSWATE

Exit

#1

Edit SWAT Input | SWAT Simulation  Help

Databases

Peint Source Discharges
Inlet Discharges
Reservoirs
Subbasin Data

i
Re-Write SWAT Input Files
Integrate APEX

- O X

#3

» | General Data (.BSN) |

Water Quality Data (WWQ)
Land Use Update [.LUP)

Connect to Databases

Figure 12. Editing the SWAT input

Selecting the Potential evaporation

(PET) method

Once the General Data (.BSN) frame is open, click on Edit Data (#4) to activate the frame for editing. Nex, locate
the PET Method section (#5) and click on it. You will find a number of methods among which you can choose the
Hargreaves. After choosing the PET method, click on Save Edits (#6), and then Exit.

Return to Editing SWAT frame and click on the Re-write SWAT input files. This will allow you to select all (#7) the
components and write tables (#8) once again, due to new PET data that was generated by the Hargreaves method

(see figure 13 for illustrations).
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&Y Edit General Watershed Parameters — [m| X
Water Balance, Suface Runoff, and Reaches | Mutrients and Water Qualﬂyl Basin-Wide Management | Urban Management/Sub-Daily Erosion I
—Water Balance
SFTMP (C) SMTMP (C) SMFMX (mm/C-day)  SMFMN (mm/C-day) TIMP
J1 Jos Jas Jas 1
SNOCOVMX (mm) SNOS0COV PET Method #5 PET File
IT Iﬂ.ﬁ Penman/Manteith LI El
ESCO EPCO Frestley Tajlor DEPIMP_BSN
J0.95 |1 0
Read-In PET
—Surface Runoff
Rainfall-Runoff Method ICH CNCOEF CN_FROZ
| "Daily Rain/CN/Daiy Route (0)' | |Soil Moisture Meth ~| [1 0.000862
Crack Flow SURLAG ISED_DET ADJ_PKR. TB_ADY
I Inactive d |4 ITrianguIar Dist. j |1 Iﬂ
PRF SPCON SPEXP
n [0.0001 1 . - B — 0 e
—Reaches
Channel Routing MSK_CO1 MSK_CO02 MSK_X
I\u’anab\e Storage LI ID 75 ID 25 ID bl
Stream Water Quality TRNSRCH EVRCH Routing Pesti
IAct\\re LI |ﬂ |1 | #7
#4 #6
Select All
| Edit Values || Cancel Edits | | Save Edits | | Exit | I

ArcSWAT *

| winte Files

Cancel

Figure 13. Selecting the Potential evaporation method rewriting input files

D. Running SWAT Simulation
Click on SWAT Simulation and chose Run SWAT as illustrated in figure 14.

&3 SWAT Editor — O *®
Write Input Tables  Edit SWAT Input Help
SWAT Project Geodatabase [ Run SWAT
ID:\OSWAT_training\SWAT_Volta\SW. Read SWAT Output
SWAT Parameter Geodatabase Set Default Simulation

|DAQSWAT training\SWAT_Voka\QS\ Manual Calibration Helper

SWAT Soils Database (Required for re-writing tables)
|D:\QSWAT_training\SWAT_VoIta\OSWATHefZN2.mdb Hl

SWAT Executable Folder
|CASWAT\SWATEditor' E'

Exit Connect to Databases

Figure 14. Step to defining and runing the SWAT simulation

Set the period of simulation Starting Date (#1) 01/01/2004 and Ending Date 12/31/2010 (#2) (These time frames
will show by default because the datasets provided for this training exercise falls within that period). Change the
printout settings to daily (#3) and leave other default options unchanged. NYSKIP means model simulation warm-
up period (the period used to train the model) and for this training, we will use NYSKIP as 2 years (#4). For the
SWAT extension version, can choose the 64-bit, release (#5) because it is faster for running simulations. Click on
Setup SWAT Run (#6). You will get a message indicating SWAT Setup is finished. Now, click on Run SWAT (#7).
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S

Period of Simulation

#1 #2
Starting Date : | 1/1/2004 [E]|  Ending Date: |12/31/2010 i
Min Date =01/01/2004 Max Date = 12/31/2010

Printout Settings

Timestep: l—_I S #30% Daily ™ Yearly [ Print Log Flow [ Print Pesticide Output
" Monthly [IYSKIF] [2 #41 Print Hourly Output I~ Print Scil Storage

Rainfall Distribution [ Print Soil Mutrient | Route Headwaters [ Print Binary Output
{* Skewed normal [~ Print Water Quality Output]™ Print Snow Output [ Print Vel /Depth Output
" Mixed exponential 13 [~ Print MGT QOutput [~ PrintWTR Qutput [ Print Calendar Dates

SWAT exe Version Qutput File Variables Al -

' 32bit, debug ¢ T2-bit, rel
e i [ Set CPU Affinity #7

#H6
(" B4-hit, debug [+ &4-bit, release] #5 ‘ 5
Setup SWAT Run __Hun SWAT Cancel
(" Custom (swatlser.exe in TxtinOut folder) CPU 1D: |1

Figure 15. Defining the simulation periods and running SWAT

While SWAT is running (see figure 16), you will see a DOS window showing the progress, and when the
simulation is done, you will get a final completion message and click Ok.

BN CAWINDOWS system32iomd.exe — O >

Figure 16. SWAT simulation in progress

When the simulation is successful, close the SWAT simulation setup window. You are
now ready to Read SWAT Output (see figure 17) and visualize the model output.

& swaT Editor - ] X
Write Input Tables  Edit SWAT Input = SWAT Simulation  Help
SWAT Project Geodatabase Run SWAT
[D:\QSWAT training \ SWAT_Vatz\5W. Read SWAT Output I
SWAT Parameter Geodatabase Set Default Simulation
[D:\QSWAT training\SWAT_Votta\Q5\ Manual Calibration Helper

SWAT Soils Database (Reguired for re-writing tables)
|D: VASWAT _training SWAT_Yolta*QSWATRef2012.mdb E

SWAT Executable Folder
|C ASWAT\SWATEditor',

Exit Connect to Databases

Figure 17. Steps to reading SWAT output
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E. Checking the simulation for Errors

The SWAT Error Check tool is used to find out issues with the modeling in the early stage. It enables us to find

out any hidden problems and reduce the time in regenerating or recalibrating the model at a later stage. SWAT

Check performs three operations; i). it reads the output and notify the users if the values lie outside the possible

limits, ii). it produces process-based figures for quick visualization, andiii). also find and notify the common model

errors. In figure 18, illustrations show how to select the output.rch file (#1) and import files to database (#2).

Also, SWAT simulations can be saved using the Save SWAT Simulation with a user input name. Type simulation

name as Volta Simulation (#3) and save the Simulation (#4). You will receive a message indicating that your

simulation has been saved. You can find saved simulation in your SWAT folder (in the Scenarios folder). Finally,
click on Run SwatCheck option (#5).

¥ SWAT Output - O X

Read SWAT Qutput

- #1 Check Output Files to Import
#2 Import Files to

Database ||7 output.rr.:hl [ outputsed [ outputsnu

Open [ outputsub [ outputrsv [ output.pot
SWATOuput. mdb [~ output hru

[ outputpst [ outputwel

[ outputdep [ outputwir [ output.wgl
Cpen output std

[ outputsmw [ outputswr [ outputmgt
Open input.std

Rewview SWAT Quput

#5 Run SwatCheck

Save SWAT Simulation H3

#4

Save current simulation as: (e.g., Sim1)

Save Simulation
Wolta Simulation

Cancel

Figure 18. Selecting, saving model output, and running SWAT check

The SWAT check window will open, and you can now continue with the steps to run the SWAT check, as
illustrated in figure 19. Click on the Examine model output (#6). When the SWAT check is complete, you can
now assess the results, the watershed characteristics (#7), and read the warning messages (#8).
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PARADeS

o/ SWAT Error Checker - Version 1.2.0.10 Released November 6, 2018 — O x

Setup  Hydrology Sediment Nitrogen Cycle Phosphorus Cycle  Plant Growth  Landscape Mutrient Losses  Land Use Summary  Instream Processes  Point Sources  Reservoirs  About

Already ran SWAT Check once? Leave this box checked to reread your SWAT output files.

SWAT Check reads your output files into a SQLite database. f you have already run this version of SWAT
Check on your project, you may save time on subsequent runs by unchecking this box.

Project Location |D:\OSWAT_training\SWAT_VoIta\Scenarios\De{ault\T;:tInOLrt #6 Examine Model Qutput

Simulation Details

Instructions

1. Specify your path in the text box above

2
3. Pressthe "Examine Model Output” button near the top right of the window
4

Click each tab to review related model outputs, statistics and wamings

Messages and Wamings

If you have run this version of SWAT Check before, check the box if you wish to re-read your SWAT output files.

SWAT May 26 VER 2020/Rev 631

Simulation Length fyrs)
Wam up fyrs)
#7 HRUs

Subbasins

Output Timestep

I. ......... Starting Analysis ***

Reading output std...

Finished reading output std in 00h:00m:00.93s. Reading output.rch...
Finished reading output rch in 00h:00m:42.51s. Reading output rsv...
Finished reading output rsv in 00h:00m:00.00s. Reading hyd.out...
Finished reading hyd .out in 00h:00m:00.13s. Computing SWAT_Check analysis...
Finished computing analysis in 00h:00m:03.09s.

""""" Finished Analysig *=****=***

Sediment WWamings - Please Examine

Mirogen Cycle Wamings - Please Examine

Plant Growth Wamings - Please Examine

Mutrient Losses Wamings - Please Examine

Land Use Wamings - Please Examine

In-stream Processes Wamings - Please Examine

Point Source/Inlet Wamings - Please Examine

Reservoir Wamings - Please Examine

#8

Precip Method

Watershed Area km2

Figure 19. Steps to running SWAT checks

Assessment of the hydrology and water balance ratios (#10) in figure 20. You can click on each of the

components (#11) to view the results that are important for your analysis (#12).

5/ SWAT Error Checker - Version 1.2.0.10 Released Movember 6, 2012

- O X

Sediment Mitrogen Cycle  Phosphorus Cycle

Plant Growth  Landscape Mutrient Losses

Land Use Summary

Instream Processes  Point Sources  Reservoirs  About

BB A RN A

Evaporation and

Realistic hydrology is the foundation of any model. Pay particular
attention to evapotranspiration, baseflow and surface runoff ratios.
Baseflow/streamflow ratios for the US are provided by the LISGS, these
data are accessible via the button below. The ranges specified here
are general guidelines only, and may not apply to your simulation area

Show Avg. Monthly Basin Values Show US Baseflow Map

Messages and Wamings

5195

. Foroeo4
PET Transpiretion A ] #12
18759 4058 (A

A A
porrr
oo
," Precipitation
b
LA A
P
LA Average Curve Number
PR
Ch
LA A
’
’
il 7
Reot Zane nfiltraticruplant uptaked
Sl maisturs radatribution

Vadose [unsaturated] B

Zone | I
T v
I:wanfr-:ms:ellmaql.nie' F‘mnlahanlsshal;;;aum' Return Flow

Shallow {unconfined) - 91.
Aquifer

Confining Layer

Deep (confined) M M
ep (confine o
Adquifer Flow kol watershed Rachargs to déep aqiter

Water Balance Ratios

#10

Streamflow./Precip

Baseflow/Total Flow
Surface Runoff/Total Flow

Perc/Precip

Deep Rechange/Precip

ET/Precipitation

Figure 20. Display of SWAT check outcome with the water balance ratios
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3.5 Visualize model result or outputs

After running the model and error checks, Step 4 Visualize will be activated on the QSWAT main form. Click on
Step 4 Visualise as shown in figure 21.

About

Select Project
MNew Project Existing Project
Main Steps

Done Delineate Watershed

Done Create HRLUs
QSWAT parameters Step 3 |Edit Inputs and Run SWAT
Select report to view = Step 4 Visualise
Ok, Cancel

D:\QSWAT_training'\SWAT _Volta

Figure 21. Visualization of model results

There are three possibilities for visualization: Static data, Animation and Plot. For Static data option, a single
summary value is calculated for each sub-basin, reach, or HRU and displayed as a map. For Animation option, we
can view the animated display of the value in each sub-basin, reach, or HRU at each time step in the map display.
Plot option supports the creation and display of plots of selected variables. First, let us look at Static data option.

Q Visualize Results —

Choose scenario # 1 __Choose SWAT output table

Volta Simulation = rch #2 =

Choose period

Start date #3 Finish date
1 = | |January - | 2008 31 v | |December = | |2010
Day Month ‘Year Day Month ‘Year

#4

Static maps Animated maps Flots
Choose results shapefile

I_Volta\scenarios\Wolts Simulation{TablesOutyychresults.shp

Choose variables Choose summary
FLOW_OUTams H5~ Tosls Y| H6
#7 Add Compare scenarios
e
Del Compare
Clear
#9 Create
Print
®) Landscape Portrait Number of maps | 1 — Erint

Close

Figure 22. Visualization of model results
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To visualize your simulated results, click on the box under the Scenarios frame (#1). This will provide you all the
saved simulations in the scenarios folder in your working folder (SWAT Volta), including the ones saved by
default. Now select Volta Simulation. For the SWAT output table (#2), select the “rch” file because that is the
only one you imported into the database. The Start date and the Finish Date (#3) will remain the same as
displayed in figure 23. In the Static maps section (#4) go to the variable you want to display and choose
“FLOW_OUTcms” (#5) and click on Add (#6). Now choose the results Summary (#7) you want to visualize and
select “Totals”. You can also explore all other options such as the daily means, annual means, etc. Select the
variable you want to display by clicking on “FLOW_OUTcms” (#8). Finally, click on Create (#9). The results of river
flow within each sub-catchment will be displayed in (#10).

Plot the graph

Now, we will use Plot option (#11), illustrated in figure 23 and follow the steps. Choose your preferred graph type
(#12) and select the Subbasin (#13) you wish to visualize. Under the variable section, select “FLOW_OUTcms”
(#14). Next, click on the Add plot (#15) and go ahead to select the scenario (#16) you want to display. Finally,
click on Plot (#17). At this stage, you will be prompted to save the flow time series in your Volta Simulation folder.

£ Visualise Results -

Choose scenario Choose SWAT output table

Volta Simulation - | | rch b

Choose period

Start date Finish date
1 = || January > | | 2006 31 = | |December ¥ | |2010
Day Month ‘fear Day Month ‘fear

11
Static maps Animated maps #

Choose ohserved data file (optional)

#12

Subbasin #1713 HRU #14 Variable
: * | [row ourans -

#15 add plot Scenario Table Sub HRU Variable
SRRRPNGN Volta Simulation | rch | 75| | FLOW OUTems
#16
Copy plot
Maove up
Move down
Add
observed
#17 Plot
Close

Figure 23. lllustration to plot hydrographs

The graph for the exercise would look like figure 24. If you have observed data for your watershed, you can
include it in Choose observed data file option. Also, you can use the Save button to save the plot in different
formats with a suitable name
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1
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Date
—— Volta Simulation-rch-75-FLOW_OUTcms.

A Q=¥ B

Figure 24. Hydrograph showing river flow at an outlet (75)

Next step
Calibration and validation of the model
Requirement

1. SWAT CUP (SUFI2 software)
2. River discharge data
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4. Appendix

Adding table into SWAT project database

To be able run SWAT simulations, the table containing the climate data must be integrated into SWAT database
(Microsoft database file). In our case, we need to import the table containing the weather stations, daily
rainfall, and daily minimum and maximum temperature. To import tables into the SWAT database, navigate to
your working folder QSWAT _training and open the SWAT_Volta folder (see illustrations in figure 25). Next,
open the QSWATRef2012.mdb as indicated in figure 25.

Mame - Date modified Type Size
Scenarios 111772023 512 PM File folder
Source 11/17/72023 €14 PM File folder
Watershed 111772023 512 PM File folder
4] { QSWATRef2012.1db 111872023 10:42 AM Microsoft Access ... 1KB
O5SWATRef2012.mdb 111872023 10:43 AM Microsoft Access ... 35,540 KB
SWAT Volta.mdb 11182023 10:41 AM Microsoft Access ... 4608 KB

Figure 25

Once the Microsoft database file is open, under the Tables, locate the WGEN_user and righ-click on it. Now you
will have many options so click on Import and choose Excel. This will open the windows explorer for you select
the table you want to import. In this case, navigate to your working folder QSWAT _training, climate data folder,
select WGEN_Volta.xlIsx file, and click on open (see figure 26).

Tables @ <

= a

=

= se

B ser

= se

= se

o

j ft =

j L @ Design View

- Import > | @ Dataverse

B sut

o s Export > @ Access Database
= EI'] Rename @ Excel

j i Hide in this Group ﬁ SharePoint List

j ! Delete F Text File

= o

-, Y i € XML File

™7 [D Cop F ODBC Database
== JP B

3wt [F_: Linked Table Manager A Fro o
=2 [ HTML Document
B use

= 8 outlook Folder
= B Fr na 365 (online)
=== Y [E] Table Properties [& From sal

T WGEN_user N P Auon B

Figure 26. Importing the WGEN_Volta table into SWAT database
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« © 4 [ ThisPC » Volume (D) > QSWAT.training > Climate data v Search Climate data
Organize v Newfolder = T @
D Music A Name Date modified Type A 8 c [
1 |OBJECTID| STATE STATION
&= Pictures PP File folder
B Videos ™ i 2 1NA Navrongo
- 3 2 NA vea
i Local Disk () rﬁ WGEN Volta.xisx Microsoft Excel W. | , A Zuarungu
= Volume (D) 5 4 NA Tamale
Albert 6 5NA Man_Bawku
ArCSWAT 7 6 NA Pong_Tamale
Clmate seenar 8 7 NA Ouagadougotl
9 8 NA Fada
FLow map Dati 10 olna Gaoua
FLowMAP 1 10 NA Boromo
Gis 12 11 NA Walewale
josh 13
14
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5
Climate data =]
DEM 2 > 1 bBJ
File name: | WGEN_Voltaxlsc | [Microsoft Excel (" alsbr sk ~
Tools | Open I Cancel

Figure 27
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Figure 27 shows the next steps, where you need to only click Ok to proceed to the next steps. In figure 28, select
No primary key and click on next. In the next steps, under the Import to Table, rename it as WGEN_Volta as
indicated in figure 29. You can also use a different name, but it must begin with WGEN...... Now click on Finish

to complete the table importation

Get External Data - Excel Spreadsheet ? X
Select the source and destination of the data
Specify the source of the definition of the objects.

Eile name: | p:\QSWAT_training\Climate data\WGEN_Volta xlsx

Specify how and where you want to store the data in the current database.

‘We will not import table relationships, calculated columns, validation rules, default values, and columns of certain legacy data types such
as OLE Object.

Search for “Import” in Microsoft Access Help for more information.

@ Import the source data into a new table in the current database.

If the specified table does not exist, Access will create it. If the specified table already exists, Access might overwrite its contents
with the imported data, Changes made to the source data will not be reflected in the database.

O Append a copy of the records to the table: | autoinpar

If the specified table exists, Access will add the records to the table, If the table does not exist, Access will create it. Changes
made to the source data will not be reflected in the database.

O Link to the data source by creating a linked table.

Access will create a table that will maintain a link to the source data in Excel. Changes made to the source data in Excel will be
reflected in the linked table. However, the source data cannot be changed from within Access,

Cancel

Figure 28. Importing the WGEN_Volta table into SWAT database
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=] Import Spreadsheet Wizard X
Microsoft Access recommends that you define a primary key for your new table. A primary key is used to

= uniguely identify each record in your table. It allows you to retrieve data more quickly.

1 s wni s

2 o wen

E R R .

P (O)Let Access add primary key.

L SFTERHEEH OQ‘IOOSE my own primary kE\l'. -

(@ Ho primary key.

CBJECTID |STATE |STATION |LSTRTION ID (WLATITUDE [WLONGITUDE WELEV |[RATN YRS |TMPMX1 ||
il 2 Havrongo Navrongo L [po.s0 F1.10 E01.3 10 35.42 ~
iz FTR Jea fea E [10.87 FO.85 Le3.1 10 [34.92
13 2 Fuarungu [Zuarungu 5 [L0.78 F0.80 £13.3 |10 [35.60
i‘i 2 Tamale [amale i1 [B.42 F0.85 Le3.3 10 F5.79
R BT Man Bawku Man Bawku 5 [L1.02 Fo.27 248.9 10 Fe.10
is 2 Pong_Tamale [Pong Tamale [ [9.67 FO.83 nLsz.8 10 lF6.04
L’? 2 fuagadougou Puagadougou [T [L2.35 F1.51 Fle.1 10 F2.13
ii FTR Fada Fada 8 [12.07 I0.35 01 Lo [33.41
|9 [ TR [Faoua [Faoua 9 [10.33 F3.18 533 Lo I54.03
Elo FR Eoromo Eoromo Lo L1.75 F2.93 271 Lo F3.47
Hll FTR Walewale Wzlewale L1 [10.35 FO.g80 Le7.e 10 [35.95
| v
£ >

Cancel < Back _ Finish
Figure 29. Further steps to import the WGEN_Volta table into SWAT database
5] Import Spreadsheet Wizard x

That's all the information the wizard needs to import your data.

Import to Table:
| WGEN_Volta

[]1 would like a wizard to analyze my table after importing the data.

Figure 30. The final steps to import the SWAT tables into database
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5. Reference and links to additional support

Basic understanding on SWAT and how it works
SWAT literature database https://www.card.iastate.edu/swat _articles/
YouTube video support: https://www.youtube.com/watch?v=2YWO0ZDNfdIU&t=711s

Data preparation

George, C. (2015). Preparing global DEM data for QSWAT Chris George. March, 12.

YouTube video support: https://www.youtube.com/watch?v=EafZcQp-Has&t=590s

YouTube video on soil data preparation: https://www.youtube.com/watch?v=ztPitjNici8

YouTube video on Weather data preparations: https://www.youtube.com/watch?v=0GrlYxUh67g

SWAT model setup

Arnold, J. G., Kiniry, J. R., Srinivasan, R., Williams, J. R., Haney, E. B., & Neitsch, S. L. (2013). Soil & Water
Assessment Tool: Input/output documentation. version 2012. Texas Water Resources Institute, TR-439, 650.
http://swat.tamu.edu/media/69296/SWAT-I0-Documentation-2012.pdf

Srinivasan, R., & George, C. (2015). QGIS Interface for SWAT (QSWAT) QSWAT (QGIS SWAT) Step by Step Setup
for the Robit Watershed, Lake Tana basin Ethiopia Contents. May.
https://swat.tamu.edu/media/114676/gswat-manual.pdf

Arnold, J. G., Moriasi, D. N., Gassman, P. W., Abbaspour, K. C., White, M. J., Srinivasan, R., Santhi, C., Harmel, R.
D., Griensven, a. van, VanLiew, M. W., Kannan, N., & Jha, M. K. (2012). Swat: Model Use, Calibration, and
Validation. Asabe, 55(4), 1491-1508. https://doi.org/ISSN 2151-0032

SWAT group
You can one of the groups created to provide support SWAT modeling. For example:
https://groups.google.com/g/gswat
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