QGIS Interface for
SWAT (QSWAT)

Version1.9
August 2019

Prepared by: Yihun Dile, R. Srinivasanand Chris George

This guide describeQSWAT, which uses the ZOversion of the SWAT model
This version describ6@SWAT versio.82, which needs SWAT Editor gem 2012.10.21



QSWAT (QGIS SWAT)
Step by Step Setup for the Robit Watershed Lake Tana basin
Ethiopia

Contents
1. Environment and Tools ReqUIred............oooiiiiiiiiiieee e 4
2. INSTAIIATION. .. ..ot e e e e e e e enena e e e e e e e e aeaeeeeeeannee 4
3. Structure and Location Of SOUICE DAla..............uuuuuumiiccmreeeiiriiiieans e e e e e eeeernnna e 6
4. Structure and Location of Qutput Data..........cccoeeeiiiiiiececiiiiiii e 7
5. Setup for Robit Watershed, Lake Tana Basin..........cccooueiiiereceeiiiiiiiieeeeeeeeeeeeeeeeeieeee e 8
5.1. Watershed DeliN@atiOn..........ccuuiiiiiiiiiiiiceiee e 10
5.2, Create HRUS.... .ot eee e et eeee e e e enenans 20
5.3, SWAT Setup and RUDN........oooiiiiiiiiiiiieer bbb e e e e e e e e e e s e 32
5.4. Output Visualisation With QSWAT..........ouuiiieiiiiiei e s rnenra s 37
5.4.1. Preparing tO VISUBIISE.........couuuiiiei et e e et mmme et e e e e e e e e e e eeeaes 38
5.4.2. RUNNING VISUAIISE. ....covtiiiiiiiiii it eee e 38
5.4.3. Visualisation PeriOQ............ccoiiiiiiiiiiiieee et 39
5.4.4. StatiC VISUAIISALION ........ceiiiiiiiiiiii et e e e e e e e e e enee s 39
YT G o 1101 1] o T PP PP P UUUPPPPPPR 42
T G N 11 g = U1 o] o OO RPRRPPY 49
o A o 11 Vo PP PSSR 57
5.5.  SWAT Output Visualization with SWAT Error Checker.........ccccoeeveieiiiviceeicicieenn. 62
G Y o o 1= o o [ SRR 67
6.1 Adding tables into SWAT ference database...........cccceeiiiiiiiiieeciiiiiiiei e 6.7
6.2 Preparing daily climatic data for QSWAT.............oovuiiiuiiiiimreeeeeeeeerre e e e e eeeees 71
6.3 Preparing landuse and soil Ioak tables..................oouviiiicccieeee e, 73
7 Appendix Il7 preparing global DEM data for QSWALT..........cccccuviiiiiiieieeeiiiieeieeeeeeee 74
% S [ 011 o o [¥ox 1o o PR TRPPRP 74
7.2 Obtaining SRTM DEM data............ccoooiiiiiiiiiieee e 74
T7.2.1. O0M GALA.....ciiiieeeeeieiiiie ettt e e e e e e e e e e e e ann e e e e e aaaaas 74



VA G 0] 10 Mo - = TR 74

7.3, ClippING the grids........ oo eere e e saeeneeeaeaes 75
7.4, Merging the grids. ..ot eree e e e e e e e e e 76
7.5. Reprojecting th grid.........ccooceiiiiiiiiiieieeee e 77
7.6. MaSKING 8 DEM.....uuiiiiiiiiie et ettt e eeeee 81
7.7, Large DEMS ... e 84

8 Appendix lll: Using a Redefined Watershed and Stream Network.............cccooeeeeees 87
9  Appendix IV: Installing and USINGg MPL...........uuuiiiii e 90
9.1 INSEAING MSIMPLL....eiiiiie et nnne e 90
9.2 Configuring QSWAT t0 USE MPl.....ccoooi i 91
9.3 BIOCKING NEIWOIK BICCESS. .. eeeiiiiiiiiiiiiee ettt 91
10 Appendix V: Converting ArcSWAT Projects to0 QSWAT...........uvvveiiiiii s i 93
O T U oo 1o PSPPSR 93
O [ 1 £ [ 1o L PSSO 94
10.2.1 PrerEQUISITES......uui ittt e e eeene e e e e e e e et e e e e ameneeeeeanes 94
02 @] 0 1= £ [0 o T 94
O [ @ 1 1= oo = = T PP O RR PP 98



1. Environment and Tools Required

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

A Microsoft Access, as the interface uses an Access database

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

A A tool like WinZip that canuncompresgip files (not needed with recent versions of
Windows)

System requirementdor SWAT EditorVersion 2012.10.19
A Microsoft Windows XP to 10
A Microsoft .Net Framework 3.5
A Adobe Acrobat Reader Version 7 or higher. Acrobat Reader may be downloaded for free
from: http://www.adobe.com/products/acrobat/réad®.htmi

2. Installation

A Install QGIS by running)GIS-OSGeo4W2.6.1-1-Setup-x86.exe It can be downloaded
from http://qqgis.org/downloads/QGI6SGeo4W2.6.1-1-Setupx86.exe Use the default
folder C:\Program FileSQGIS Brightonas the installation folder, or:®Program Files
(x86)QGIS Brightonon a 64bit machine. Currently you must use thel@fversion on
64-bit machines. We recommendrsion 2.6 rather than a lategrgion From now on we
will use Program Filesas a folder name, even though it will Beogram Files (x86pn a
64-bit machine.

A Install SWATEditor 2012 version in its standard pla@aSWATSWATEditor For the
SWAT 201210.21 version, unzip the installation areiei
Swateditor_Install_2012.19 5.2ip (or a later version if available from
http://swat.tamu.edu/software/arcswat/swateditarid doubleclick on the %etup.exé
program to install the SWAT Editor. This will launch the SWAT Editor install program.
Use the default folde€:\SWATSWATEditoras the installation folder.

The SWATEditor folder will consist of Databases folder, SwatCheck folder,
SWATEditorHelp and other SWAT executables. The database folder consists of SWAT2012
databases which require updating based on user available information (e.g. user soil, weather
generator). Refer td\ppendix | (page67) on how to update a databadeefer to the
SWATEditor_Documentation.pdf document in SWATEditorHelp for important information

on how to get started with the SWAT Editor.
4


http://www.adobe.com/products/acrobat/readstep2.html
http://qgis.org/downloads/QGIS-OSGeo4W-2.6.1-1-Setup-x86.exe
http://swat.tamu.edu/software/arcswat/swateditor/

WARNING. If you use this versiod.7 or later of QSWAT on a project developed with an
older version of QSWAT, then the reference database stored in the project directory will need
updating. There are two ways to do this:

1 After instaling QSWAT 1.7 you can copy the new reference database
C\SWATSWATEditoDatabase¥QSWATRef2012.mdbto your project folder,
overwriting the file of the same name there.

1 If you have made any changes to your project's reference database, such as your own
usersoil tableit may be easier to update your databa¥eu can do this when you
start the SWAT Editor, before you start writing tables. Having started the editor and
connected to databases, Selkite Input TablesthenDatabase Update Select the
bsn table, make suréJpdate SWAT Range Tables selected and click Update
Database Do the same thing for thie table.

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

Userscan join the user group ftvelp athttps://groups.google.com/forum/#!forum/qswat



https://groups.google.com/forum/#!forum/qswat

zr » Local Disk () » SWAT » SWATEditar w Search SWATEditan el

s

Marne Date maodified Type Size

Databases FLA/2006 12:07 PR File falder

SwatCheck S20/2015 49 P File falder

SWATEditorHelp SU20/2005 409 PM File falder

TauDEMSBin 1172015 1259 PR File falder
[ AcroPDF .l 971472015 B:09 A Application extens 652 KB
'EIJ ArcSWAT License.rtf S04/ 2015 E:09 AN Rich Text Farmat 43 KB
| Addnterop.AcraPDFLib.dll 071472015 200 A Application extens SKB
& EARTH.ICO 9/14/2015 8:09 A lcon 2KB
& Install. bmp 9/14/2015 BrP File 103 KB
|%] Interop.AcroPDFLib.dll 01472015 200 A Application extens [0 KR
[ Interap. Scripting.dil SO1A/ 2005 509 Al Application extens 32 KB
runswat. bat 971472015 8:00 Al Windaows Batch File | KE
runSWATGraph. bat 072016 5:0 Windows Batch File | KB
[55] SWAT_32dehug.exe Application 4208 KB
[55] SWAT_32rel.exe Application 2791 KB
[E=] SWAT_Addebug.exe Application 6,628 KB
[m=] SWAT édrel.exe Application 3236 KB
(55 swat2 1 2.e:e Application 2791 KB
[ SwatEditor.exe Application 2,300 KB
@ SwatEditor.exe.config COMFIG File | KB
| | SwatEditor.InstallState IMSTALLSTATE File 2 KB

Figure 1. SWAT Editor installati on folder (after installing QSWAT)

A Install QSWAT by runningQSWATinstall 1.7.exe or a later version. This adds some files
to the SWATEditor: a project database and a reference databBsgainasesand also
stores the TauDEM executables in a delder C:\SWATSWATEditofsTauDEM5BIin The
QGIS plugin QSWAT is put into the user's hofolder in .qgis2pythonplugindQSWAT
which we will refer to as th€@QSWATfolder. The latest version of QSWAT can be
downloaded from the SWAT websitétp://swat.tamu.edu/

3. Structure and Location of Source Data


http://swat.tamu.edu/

Before starting QGIS, users should prepare their tabular and spatial data according teeSWAT r
quirements. Users can refer Appendix | (page67) on preparing tabular data (e.g. preparing
soil andclimatic daty. All the spatial data (DEM, landse and soil) should be projected into the
same projected coordinate system. Users cant@fgppendix Il (page74) for preparing global
data for QSWATUsers can also refer to thecswat Interface for SWAT2012Us er 6 s Gui de
(pages 11-36) for detailedguidance.The example files used in this manaaé available irthe
QSWAT folderin afolder ExampleDatasefT his folder contains:

1 ADEM in folder DEM
A stream reaches file to burn in to the DEMfoider RobitStreams
An outlet file infolder MainOutlet
Landuse and soil maps in directorlemnduseandSoil
Climate data irfolder ClimateRobit
Some Exceband csiles for making database tabjesd
An observed data filebservedFlow.cs\n folder Observed.

= =4 =4 4 -4 -

It is a good idea while followinghts guide to add thExampleDatasefolder to your Favorites
or Quick Access list, as we will be regularly accessing files within it.

4. Structure and Location of Output Data

We will be establishing a project call@®maq say, in a foldeC:\ QSWAT_ProjectRobitDeno..

This will create:

1) In the folderC:\\QSWAT _ProjectRobitthe project fileDemo.qgsnd a foldeDema
If we later want to reopen the projedemo.qgswill be the file we look for. The
folder Demois theproject folder

2) A folder C:\QSWAT_ProjectRobitDemdScenarioDefauld TxtinOut that will
contain all the SWAT input and output files.

3) A folder C:\QSWAT_ProjectRobi\DemdScenariofDefauldTablesin that may be
used by the SWAT Editor.

4) A folder C:\QSWAT _ProjectRobitDemdScenariofDefauléTablesOutthat may be
used by the SWAT Editor and is used to hold results files from visualisation.

5) Afolder C:A\QSWAT _ProjectRobitDemdSourcethat will contain copies of our input
maps and a number of intermediate maps generatatgdvatershed delineation.

6) If we choose to save a SWAT run aSiml say, then a folder
C:\QSWAT_ProjeciRobil\DemdScenariosSim1l will be created (a copy of
C:\QSWAT _ProjectRobilDemaScenariofDefault, including its sudolders).

7) Afolder C:\QSWAT _RgjectdRobil\DemaWatershedvith several sulfolders



5. Setup for Robit Watershed, Lake Tana Basin

1. Start QGIS and selectPlugins menuY Manage and Install Pluginsand find
QSWAT. Click its checkbox to install, which takes a few seconds. The SWAT icon
will appear in the toolbanf it fails to appear check you are running a 32 bit version

of QGIS.
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Figure 2; QGIS with the SWAT icon

2.  StartQSWAT by clicking theSWAT icon.

3.  The main QSWAT interface will be displayed. Click the iew Project

4. A browser will be displayed requesting a name for the new project. Dgpeo in the
text box labelledrile name(under theC:\QSWAT _ProjectRobitfolder). Seerigure3.



28 QSWAT 10

Select Project

MNew Project Existing Project

¥ Choose a file name to save the QGIS project file as @
\/)" <« (QSWAT_ Projects » Robit » Demovl - |4, | | Search Demovl 2 [
QSWAT parameters Organize » Mew folder B ow .@.
- -
%# Dropbox 0 Mame Date modified Type Siz]
oK
3 Libraries Ma items match your search.

3 Documents
J‘. Music
[/ Pictures

E Videos

m

18 Computer
£, Windows7_05 (C
L Commeon$ (\\To

S ikt Avta il T Y 1, | ¢
File name: Em -
Save as type: | QGIS files (*.qgs *.QGS) -

= Hide Folders Save ] [ Cancel I

Figure 3: Creating a QSWAT project

At this stage all your maps should be prepared in an equal area projection (probably, but not
necessarily, UTN). All the maps should be in the same projection coordinate system.

The interface now presents a stgpstep configuration to be followed in order to prepare the
SWAT simulation, starting with Step Eigure4).

L UTM is not an equal area projection, but is close to being so, and sufficiently close for SWAT to use on most
watersheds.
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B OSWAT 1.5 — O X

Abiouk

Select Project
Mew Project Existing Project

Main Skeps

Skep 1 Delineate YWatershed

Skep 2 [ reate HRLs ]

COS\WAT parameters

Skep 3 [Edit Inputs and Rumn ShiaT l

(04 Zancel

C:A0SWAT_ProjectsiRobitiDema

Figure 4: Step 1 interface

5. At this stage th project database is created>asno.mdbn the project folder, and a copy

of the SWAT reference databa®SWATRef2012.mdb also created ther€or this example you

need to update the reference database with details of the soil data we are using and also possible
weather generation stationRefer toAppendix | (page67) on how todo this.

5.1. Watershed Delineation
6. To start automatic watershed delineation click Dedineate Watershedbutton. When
the prompt box is opened browse to the data source in the dialogue box $ebectictDEM
7. Browse to theExampl®atase¢\DEM\srtm_30mfolder and open the fildéndr.adf This
digital elevation mapEM) is an ESRI grid and consists of a numbgfiles. The file called
hdr.adfis the one to choose for such a grldEMs 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 siffix .tif.
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BB Select DEM (o x

@uﬂ | « Windows7_05 (C) » QSWAT Projects » Example Dataset » DEM » srtm_30m ~ [ %3 || search srtm_30m o
Organize * MNew folder =~ 0 @
X Favorites Mame Date medified Type Size
Bl Desktep || dblbnd.adf 12/8/2014 9:50 PM  ADF File 1KB
4 Downloads || hdr.adf 12/8/2014 9:50 PM  ADF File 1KB
= Recent Places =] metadata.xml 12/8/2014 9:50 PM XML Document QKB
g Yihuns (tor) (H) [ ] pri.adf 12/8/2014 6 ADF File 1KB
%3 Dropbox L || sta.adf 12/8/2014 S ADF File 1 KB
[ || vat.adf 12/8/2014 ¢ ADF File 4 KB
= Libraries || w001001.adf 12/8/2014 ¢ ADF File 154 KB
3 Documents || w01001x.adf 12/8/2014 9:50 PM ADF File 2 KB
J Music
=] Pictures
E Videos
'8 Computer
£, Windows7_05 (C
g% CommonS (\Tol
g yihun§ (\\tor) (H:
File name: hdr.adf - |Anfies () -
[ Open |vl I Cancel ‘

Figure 5: Selecting the DEM

8. The name of the elevation map grid will be displayed inDEM text box below the
Watershedlialogue box. The selected DEM will be copied to the proj8otsrcefolder and, if
necessary, converted to GeoTiffriwat (.tif). If your DEM's units are not metres you can select
the DEM poperties tab and change theirhis tab also shows the DEM cell size, cell area,
projection system and extent in degrees.

9. Users can burn ian existing stream network using the optBurn in existing stream
network; use a file with the extensiohshp (Figure 6). Check theBurn in existing stream
networkoption and select the filExampl®atasd\RobitStreamsobReach.shp

The delineation form allows you to opt forpaedefined watershed and stream networky
selecting theJse existing watershedab. If you are interested in using a predefined vshtx
and stream network pleasefer to Appendix Il ( Using a Predefined Watershed and Stream
Network page87).

We will not use MPI, which enables multiprocessduring watershed delineation (see Appendix
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IV, page90) and so th&umber of processepinbox should be set to O.

ﬂ Delineate Watershed -

. = | &S]
S =

Select DEM

C:\QSWAT _Projects\Robit\Demov 1\Demo\Source \srtm_30m. tif

Delineate watershed Use existing watershed DEM properties | TauDEM output |

¥/ Burn in existing stream network

C:\QSWAT _Projects\Robit\Demov 1\Demo\Source frobReach.shp

[ ]

Define threshold

Mumber of cells Area |hectares -

1000

Create streams
®| Use an inletsjoutlets shapefile

Draw inletsfoutlets Select inletsfoutlets

Snap threshold (metres)
300 Review snapped

Create watershed

—Merge subbasins

Select subbasins

—Add reservoirs and point sources

[ Select reservoir subbasins l [] Add point source to each subbasin

Add

0 - N;meer Show Taudem ak . |

— o T ance
processes

Figure 6: Creating stream networks

10.  The threshold size for creating subbasins should be set next. It can be set by area, in

various units such as sq km or hectares, or by number of cells. If necessary, change the threshold
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method to use hectares, change the nurbérectares to 90, and preSseate Streams the
number of cells will be adjusted to the corresponding value (1000). 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 threbold 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 |l&tesubbasin is an area
draining into a stream reach. This step creates stredimed€7). It also loads the stream bdm
shapefile if selected.

' QGIS 2.6.1-Brighton - Demal.3 i O X
Project Edit View Layer Settings Plugins Vector Raster Database MWeb Processing Help
= B B A e g 7 ol | &
g R & s > Y o @ @ 3 - N & .
v/ 8 R & s ] eamagggges ~ OB N
[ Layers @
& 9@ E G
' R @l Results
¥}
5% (0 watershed
' X —iStream burn-in... |
< % — Streams (srtm_...
f % 2 Hillshade (srtm_...
e £ % 24 DEM (srtm_30m)
R ; 1785- 1917
: 1917 - 2049
% 2049 - 2182
R @] Landuse
(% [ so
% x |_lj]] Slope
M
-
Coordinate: 325832,1289083 Scale | 1:83,401 v % Render EPSGi32637 /4

Figure 7: Stream networks displayed

11.  Aninlets/outlets file containing just a main ottie provided for this exampl€heck the
Use an inlets/outletsshapefileoption, and browse tblainOutlet/MainOutlet.shp

12. Users can add outlets, reservoirs, inlets, and point sources by selectifyathe
Inlets/Outlets option. This first asks if you wish to add to the existing inlets/etstfile, or create
a new oneHaving made this choiceselect the type of point to addnd click on the map to
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place it at the appropriate place. Points need to be placed on the stream network, and you may
need to mom in to place them preciselnly points within the snap threshold of a stream reach

will be counted as points. CligdRK to confirm and exit, an€ancelto remove points and exit.

If you choose to drawa new file,drawoutlets.shps created in thé@VatershetShapedolder,

which may be used again. SAppendix Il (page87) for details of the fields needed in an
inlets/outlets file. We do not add any additionalitlets, reservoirs, inletsy point sourcesn this
example.

# QGIS 2.6.1-Brighton - Dema' 3 - o X

Project Edit View Layer Settings Plugins Vector Raster Database ‘Web Processing Help

DEEBROR JO$LLoNPLALR @G- B-

A/ BcRarGE=<EE "@AfE|L2%99 & 990N
Layers @
M = Y @ G 2

R L@ Results
B % [ watershed
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’ Outlet
‘ Inlet
x . Reservoir
% @ Point source
- ® —— Stream burn-in ...
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x Hillshade {srtm_...
-5 DEM (srtm_30m)

1785 - 1917
1917 - 2049
2049 - 2182
x @l Landuse
=
o L@ Slope

< HDDDINMRANS

<«

Coordinate: 329285, 1296166 Scale |1:83,401 | v % Render EPSGi32637 , 4

Figure 8: Step where Inlets/Outlets are added.

13. If you have several points in your inlets/outlets file you can choose to use just a selection
of them. To do thislwose theSelect Inlets/Outletsoption. Hold Ctrl and select the points by
dragging the mouse to mala small rectangle around them. Selected points will turn yellow, and
a count will be shown at the bottom left of the main windBigire9). 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.
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' QGIS 2.6.1-Brighton - Demal.3 - a X
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Figure 9: .Inlets/outlets selected

14.  Clicking Review snappedshows the snapped inlets/outlets, i.e. those within the defined
threshold distance. ClickinGreate Watershedwill create the watershedfter a few minutes
(Figurel0).
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' QGIS 2.6.1-Brighton - Demal.3 - a X
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Figure 10: Delineated watersheds

15. In QSWAT users can select and merge subbasins. This is especially important in avoiding

small subbasins. To merge subbasins, select the dptiect subbasinsinderMerge subbasins
Hold the Ctrl key and click in subbasins you want to select. Selectbasinb will turn yellow,
and a count is shown at the bottom left of the dialogue winéoyuie11).
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Figure 11: Step of mergingsubbasins

16.  For the sake of this exercise, we will moergethe selected subbasin. Release the Citrl

key and click on the maputside the watersheahd the selected subbasin will be unselected.
Checking the option obelect small subbasinprovides the optin to merge subbasins below a
certain threshold (i.e. either the area in hectares or a percentage of the mean subbasin area)
(Figure12). For this exercise click thedio buttonpercentage of mean areaand put 25 in the

box next to it. ClickSelect It will show you subbasins that have an area less than 25% of the
mean area. When finished cli@aveto save your selection, @ancelto abandon your selection.

You click Merge to perform the merge. Note: You cannot merge a subbasin that has an outlet,
inlet, reservoir, or point sourceSo in this example, the only small subbasin is thaarest the
watershed outlewwhichcannot be merged, and QSWAT will report this.
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Figure 12 Subbasins that have an area less than 25% of the mean subbasin area merged to downstream
subbasins

17.  Point sources can be added to all the subbasins by checking theAxqdi@oint source

to each subbasin(Figure 13). You @an also add reservoirs to selected subbasins. You then need
to click Add. Unlike points added earlier, these extra point sources or reservoirs do not create
subba@in boundaries, but are added to existing subbasins, provided they do not already have
point sources or reservoirs. Adding point sources to all subbasins is useful if you have several to
add. It is quite safe since only those you provide input data fohawk any effecon the SWAT
simulation.
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Figure 13: Point sources added to each subbasin
18. You need to clickOK. This causes the subbasins to be numbaret calculates and

stores information about the subbasins and stredims step ends watershed delineation, and
enables th€reate HRUsoption Figure14).
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