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Obijectives

The objectives of this exercise are to

e setup a SWAT+ project using QSWAT+

e become familiar with the capabilities of QSWAT+.



New features since QSWAT

Environment: QGIS 3, 64-bit, SQLite, Windows and Linux, all open source
Streams + channels: HRUs more precisely placed

Landscape units: floodplain + upslope

Lakes

Ponds and reservoirs: can generate automatically



Setting up OSWAT+

QSWATH+ is a plug-in for the QGIS (http://www.qggis.org) GIS system. To set up QSWAT+:

Download QGIS (http://gqgis.org/downloads/QGIS-OSGeod4W-3.4.9-1-Setup-x86_64.exe). Note that
currently this must be QGIS 3, not QGIS 2, a 64-bit version, and we recommend using the current long
term release since that is what we test against. If you already have a 32-bit version of QGIS installed do
not worry - you can install a second version and run both.

A Linux version will be available soon.

Get the SWAT+ installer (https://swatplus.qgitbook.io/docs/installation) and install it with the default settings.
This supplies QSWAT+, the SWAT+ editor and the SWAT+ program.

QSWAT+ can be installed for yourself only or everyone. For everyone requires administrator privileges,
and will need redoing if you upgrade QGIS, so choose yourself only as default.

Optionally, you can also get a global weather generator (useful for everyone) and a SSURGO/STATSGO
soil database (useful if your project is in the USA).



http://qgis.org/downloads/QGIS-OSGeo4W-3.4.9-1-Setup-x86_64.exe

Installing the QSWAT+ plugin

e You need to set QGIS to load the QSWAT+ plugin. To do this use the Plugins menu and select Manage
and Install Plugins .... Select All, scroll down to QSWAT3_64, and check it (Figure 1). Close the Plugins
form. You will see a SWAT+ button in the QGIS toolbar, which you will use to start QSWAT+.
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Figure 1: Installing the QSWAT+ plugin




QOSWAT+ setup

e Click the SWAT+ button in the toolbar to get the main QSWAT+ form (Figure 2):

S* QSWAT+1.2.2

abouk
Select Project S* About QSWAT+

MNews Projeck Existing Project

QSWAT+ version: 1.2.2

Mimirnrn QGIS version: 3.0

Python wversion: 3.7

Current restrictions:
- Windows and Linu only

QSWAT+ Parameters

Cancel

SWAT home page Close

Figure 2: QSWAT+ main form and about form

Click the About button to get some information about versions of QSWAT+, QGIS, and Python.



OSWAT+ parameters

e Click the QSWAT+ parameters button
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Figure 3: QSWAT+ parameters
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e If you installed the SWAT+ Editor and datasets somewhere other than the default directory, you can
change it.



MPI is the Message Passing Interface which QSWAT+ can use for watershed delineation. It is not
essential, and if you don't want to install it you can uncheck Use MPI. If you have a multi-core processor
and you have large digital elevation maps it is probably worth installing, and you can use this form to
define where its Bin directory is. For more details on installing it see the QSWAT+ user manual.

There are a number of other parameters you can set, mostly for fine tuning your model, and beyond the
scope of this introduction.

If you have changed anything, click Save, else Cancel.



Starting a new project

¢ Inthe main QSWAT+ form click New Project. This produces a form for selecting a parent directory for the
new project. In Figure 4 we are about to select Robit. After selecting the parent directory a small form
appears asking for a project name. Type in Demo and click Save.
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Figure 4: Selecting project location



Project structure

e When a project is created we get project directory, in our case Robit\Demo, and in it a project file, in our
case Demo.qgs, a project database in our case Demo.sqlite, and a reference database
swatplus_datasets.sqlite. It also contains some subdirectories: (Figure 5).

o Scenarios will be used by the SWAT+ Editor and SWAT+
o Watershed will contain the rasters we use or create in Rasters, the shape files we use or create in
Shapes, and some reports in Text.
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Figure 5: Project directories

e Any input maps you provide are copied into the project structure. This means you will not lose the
originals if you delete a project. It also means you can move or copy the whole project to another location,
or another machine, simply by moving or copying the project file and project directory.
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The project database

If you look in the Demo directory you will find an SQLITE database Demo.sqlite. This is a copy of a default
project database stored as C:\\SWAT\SWATPIlus\Databases\QSWATProj2018.sqlite.

The project database will be used later by the SWAT+ Editor. QSWAT+'s purpose is to create the tables
based on GIS data extracted from the project's maps that are needed by the SWAT+ Editor.

Our example is a watershed draining into Lake Tana in Ethiopia, which we call Robit. The data is supplied
with SWAT+ and is stored in C:\SWAT\SWATPIus\ExampleDatasets in a directory Robit. You will be
accessing this Robit directory frequently, so | suggest you pin it to your Quick access list. (Right click in
Windows explorer and select Pin to Quick access.) | will call it Robit.
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Watershed delineation

e We are now ready to take the first step in running QSWAT+. Our main form indicates that we will first
Delineate Watershed (Figure 6). Click this button to open the watershed delineation form.

S5* QSWAT+1.2.2 O X

About

Select Project
Mew Project Existing Project

Main Skeps

Skep 1 Delineate Watershed

Skep 2 _reate HRLUs

QSWATH Parameters

Step 3 Edit Inputs and Run SWAT

Export Table
O Cancel

C QS ATPlus_Projects/Robit/Demo

Figure 6: Ready to delineate watershed

e The purpose of watershed delineation is to identify
¢ where the streams and channels will run
e which parts of the area will drain into which reaches of the streams: these are subbasins
¢ (optionally) which parts of the area are classified as floodplain or upslope.
e A reach of a stream is a portion between two stream junctions, or from a source to a junction, or from a
junction to the main outlet.
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Watershed delineation form
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| | R
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Channel threshold | | Cells | | Area
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anap threshold {metres)
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Create

Mumber of Show Taudem
processes I:l outpuk oK Cancel

Figure 7: Watershed delineation form



Digital elevation maps

The first task in watershed delineation is to load a digital elevation map (DEM).

Digital elevation maps are grids (also called rasters) in which the value at each point is the elevation
(height above sea level), commonly in metres.

QSWAT+ accepts a wide range of grid formats, in fact any format acceptable by the Geospatial Data
Abstraction Library (GDAL)

QSWAT+ uses TauDEM (http://hydrology.usu.edu/taudem/taudemb5/) to do the watershed delineation, and
TauDEM requires GeoTiff format DEMs. So if necessary QSWAT+ does a conversion to GeoTiff when it
copies the DEM into the project.

Watershed delineation, and later modeling by SWAT+, assumes that each cell in the DEM grid represents
the same area. So the DEM needs to be projected into, for example, UTM. (UTM is not exactly an equal
area projection, but is close enough for most purposes.) So if your DEM is in lat-long projection you will
need to use the tools of QGIS to reproject it before you use it in QSWAT+. (Use the menu item Raster,
then select Projections and Warp (Reproject).)
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Selecting a DEM

Click the Select DEM button to open the Select DEM form, and navigate to Robit\DEM.

In this example we have an ESRI grid, which is stored in its own directory srtm_30m .

The GDAL convention for ESRI grids is to select the hdr.adf file as the one to load. (Pull down the list
currently set to All files to see the conventions for other grid formats.) Select hdr.adf and click Open.
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Figure 8: Selecting the DEM
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DEM load and display

e Asthe DEM is converted to GeoTiff you may briefly see the shell window where GDAL is working. Then
the DEM is displayed in QGIS

e A Hillshade layer is also created to give a better impression of the terrain.
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Figure 9: DEM loaded
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DEM properties

If you select the DEM properties tab in the Watershed Delineation form you can see information on the
horizontal and vertical units, the cell size, the area of a cell, the extent, and the projection. If your DEM
has vertical units other than metres this is the time to select the units.

Delineate watershed Ilse existing watershed DEM properties TauDErM oukput

Harizantal units Mertical units Spatial reference
mekres | metres | w
PROJCS["WGES 54 f UTM zone 37H',
Cell size (m) Cell area (ha) GEOGCS] ':f"'"GS B4, .
DATUM["#G5_1954",
30 = 30 0.09 SPHER.OID[ WS 84", 63753137, 295,. 257223563,

AUTHORITY["EPSG","7030"]],
AUTHORITY["EPSGE","6326"]],

Extent in degrees PRIMEM["Greemmmich”, 0,
Narth ALUTHORITY["EPSE","5901"]],
UNIT["degree",0,01745329251994353,
Wesk 11.70% (11° 41' 48" AUTHORITY["EPSE","3122"]],

AUTHORITY["EPSG", "4326"]],

37.40° (37° 24' 14") PROJECTION["Transverse_Mercator'],

East PARAMETER[ latitude_of _origin®, 07,
PARAMETER[ "central_meridian”,39],
south | S4-51° (379 300 527 PARAMETER["scale_Factor”,0.9996],
PARAMETER["false_easting”, 5000007,
11.63%{11° 37" 48" PARAMETER["false_northing”,0],

UMIT "rmetre”, 1,
ALTHORITY["ERSGE", "a001"]],
AXIS["Easting",EAST],

Figure 10: DEM properties

18



Setting the thresholds

Return to the Delineate watershed tab.

There is an option to burn in an existing stream network. This is useful (when you have a suitable map to
use) and all or part of your area is relatively flat. It lowers the DEM elevations along the streams so that
delineation can find them. We have one for this example: check Burn in existing stream network and
navigate to Robit\RobitStreams\robReach.shp. Click Open. This file is added to the map canvas.

Delineation needs a number representing the minimum area needed to form a stream and to form a
channel. These can be defined as either a number of cells or as an area, and you can choose the units to
use for an area.

Default values are already provided. You can use these, create the channels and streams, change them
and create them again, until what you get looks reasonable. We will change the units to hectares, and put
9 ha as the area for a channel and 90 ha for a stream. The number of cells changes to 100 and 1000 (as
the DEM cells are 30 metres square.)

Channel threshald |1EIEI | Cells |'_:J | Area

hectares

Stream threshold 1000 | Cells o0 | Area

Figure 11: Defining the channel and stream formation thresholds
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TauDEM options

Before starting delineation, we can set a couple of options for TauDEM.

The Number of processes option sets the number of processes to use if we are using MPI. If we don't
have MPI, or if we have it but for some reason do not wish to use it, this number should be set to O.

To use MPI, set it to some positive value. On a dual core processor 8 seems to be a good choice, and on
a quad core processor 12 or more is. Feel free to experiment.

A series of TauDEM tools will be run to do delineation. You can see their outputs either after you have run
them, by selecting the Taudem output tab, or as they are run by checking Show Taudem output .

Delineation can take some time, so be patient!

| Mumber of Show Taudem

i]
* | processes output

Figure 12: TauDEM options
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Channel and stream definition

e Click Create streams.

e A series of TauDEM tools are run: PitRemove, D8FlowDir, DInfFlowDir, Area D8, AreaDinf, GridNet,
Threshold, and StreamNet. You can examine their output in the Taudem output tab if you wish.

e The channel and stream reach network is added to QGIS.
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Figure 13: Channels and streams created
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Defining outlets

¢ We normally define at least a main outlet for our watershed. It is also possible to define:

o inlets, which we use if we want to model a large watershed in sections. QSWAT+ will exclude the
area upstream from an inlet from its model.

o upstream outlets, where SWAT+ will produce data, so we place these where we have measured
data

o reservoirs and ponds
o point sources

e You can define main outlets on more than one part of the stream network, to model the watershed in more
than one piece. An outlet is 'main’ if it has no outlet downstream from it.

e If you don't use an inlets/outlets shapefile (also called a vector file), main outlets will be defined where the
streams cross the edges of the DEM.

e Each inlet or outlet point you define will create a subbasin boundary, because it will define the end of a
stream reach. Each reservoir, pond or point source you define will divide its channel into two channels.

e Itis possible to define points by using an existing shapefile or by drawing them interactively. Drawing them
interactively will create a shapefile which we would use in future runs on the same project.

e |tis also possible to draw on an existing shapefile to create additional points, or to select only a subset of
points in an existing shapefile.
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All inlet or outlet points must be placed on a stream, and others on a channel, so if we want to do any
drawing we need to display the channel and stream network.

If we are using an existing inlets/outlets shapefile without alteration we need not click on the Create
streams button, but go straight to Create watershed.

Drawing points

We have a prepared outlet point file for this example, but first we illustrate how to draw points.
Make sure that Use an inlets/outlets shapefile is checked, and click on Draw inlets/outlets.

The Inlets/outlets form appears. Make sure that Outlet is selected, and click on the map around 328500,
1289500 Try to get the point on the stream. Click OK.
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» *Demo - QGIS —_ O X

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

DEBBRRK 0SS HPPRLGENS 06 & - @

l JBim-Z2a i Bec/=a@maswss/ @ an-«H

: & . b : lmeters | ¥~ *

4 v v v v

,_
£
<
n
—

1)

S* Inlets/outlets

[ Select type of point to add, then click on map
to place it. If you return to the map canvas
M to pan, zoom, etc click Resume adding to
v ¥ enable adding more points. Click OK to
confirm and exit, Cancel ta remove points and
exit,

(® Outlet
() Reservair
() Pond

(O Inlet

(O Point source

, lResume adding

Y | OK ’ | Cancel |
B 1917 - 2049
2049 - 2182
(A [ 1 anduse »
| Q. Type to locate (Ctri+k) | 1|330038,1293785 | W | 1:74760 | @ rlto0n 2| 2 [0.0° 2| M Render @ gpsGizzear @

Figure 14: Drawing the outlet
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Snap threshold

If you zoom in you can see the point is almost certainly not exactly on the stream.

QSWAT+ will snap (move) points to the nearest channel or stream provided they are within the snap
threshold, which defaults to 300 metres.

When we create the watershed, the form will say how many points were snapped. If this is less than
intended we can use QGIS to move them closer, or just try increasing the threshold. If we have several
points and some were not snapped, the Review snapped will show which have been snapped
successfully.

We will use an existing file containing our outlet. Right click on the Drawn inlets/outlets item in the Layers
panel, and select Remove.

Click the button on the right of the Watershed Delineation form showing the inlets/outlets file, navigate to
Robit\MainOutlet\MainOutlet.shp and Open.

Click Create watershed, and check that 1 snapped is reported on the Watershed Delineation form.
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Watershed creation

e Watershed creation reruns some TauDEM programs (AreaD8, GridNet, Threshold, StreamNet) and then
produces and displays the watershed shapefile, showing the subbasin boundaries.
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Figure 15: Watershed created
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Creating floodplain and upslope

e There is an option to distinguish between floodplain and upslope areas. This can help place the
hydrological response units, (HRUSs) the basic building blocks of SWAT+ models. Each HRU will drain to
its landscape unit. If we create floodplain and upslope landscape units then each channel will have two,
one floodplain and one upslope, otherwise each channel will have a single landscape unit.

e Make sure the Create landscape tab is selected, and click Create to open the Landscape analysis form
(Figure 16)

S* Landscape analysis = O X

Buffer channels DEM inversion Branch lenath

Use an inverted DEM ko calculate ridges

Ridge threshold

1000 of cells Area | sq. km o
Slope position threshold

| Creake | Done

Figure 16: Creating floodplain
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e There are three methods of creating floodplains: buffering channels, DEM inversion, and branch length
calculation.

o Buffering channels is a simple method of creating a strip either side of the channel that is a multiple
of its width (which QSWAT+ estimates from the area draining into it)

o DEM inversion involves finding ridges by, effectively turning the DEM inside out and finding ridges as
if they were streams. The floodplain consists of those points for which the ratio of a point's height
above the stream to the ridge's height above the stream is at most the slope position threshold,

which defaults to 0.1.

o Branch length defines ridge points as those for which the length of flow path for an adjacent point to
where the flow paths of the two points meet exceeds a threshold. It then uses slope position like

DEM inversion.

Branch length typically gives similar results to DEM inversion, but is perhaps an order of magnitude slower
to compute.

e Generate a floodplain map using DEM inversion, with default thresholds (Figure 17).

e You can generate several floodplain maps, with different methods and/or thresholds, and later select the
one you think most appropriate.
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Figure 17: Floodplain by inversion
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Merging subbasins

¢ Delineation often produces very small subbasins where there are small distances between stream
junctions. These can distort SWAT+ results and it is a good idea to remove them.

e Select the Merge subbasins tab click Select subbasins, and on the Select subbasins for merging form
that appears check Select small subbasins.

5* Select subbasins for merging X

Hold Ctrl and click: in the subbasins wou wank to select, Selected
subbasins will kurn yelow, and a count is shown at the bottom left
of this window, IF wou want bo start again release Ckrl and

click, oukside the watershed; then hold Ckrl and resume selection,

Yol can pause in the selection ko pan or zoom pravided you hald
Ckrl again when you resume selection,

small subbasins selected by threshold (below) will be additional to
those selected by clicking,

When finished dlick. "Save" to save wour selection,
or "Cancel" to abandon the selection,
Select small subbasins

Select by threshold

Set a threshold for small subbasins, either as an area in hectares
ar as a percentage of the mean subbasin area,  Click the Select
button to select subbasins below the threshold.

() Area (ha)
|5 | | Select
@ Percentage of mean area
0 selecked Save Cancel

Figure 18: Merging subbasins
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Merging subbasins

Click Select and the form says that 1 subbasin is selected. Click Save.

The map canvas shows the selected subbasin in yellow: it is the one nearest the outlet. This one cannot in
fact be merged, for two reasons. First, merging is with the subbasin downstream, and there is no such
subbasin, since we are at the main outlet. Second, it is not allowed to merge a subbasin if it has an inlet or
outlet, because that point would cease to be on a subbasin boundary.

Click the Merge button and the failure is reported. Click OK.

If you wish, try following the instructions on the subbasin selection for merging form, click Select, Save,
and Merge to see the effect. Then click Create watershed again to restore the original subbasins.
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Adding lakes

e Lakes (which may form either ponds or reservoirs) can be added in the form of shapefiles.

e We will not be defining any lakes: see the QSWAT+ user manual for details.
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Delineation Complete

e We see that the subbasins have now been numbered, and these are the numbers used in the SWAT+
inputs and outputs.

e Select the Subbasins entry in the Layers panel and use the Zoom to layer button to get the view in Figure
19.
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Figure 19: Delineation complete
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HRU definition

SWAT+ uses subdivisions of landscape units (LSUs) called hydrological response units (HRUs). Each HRU is a
particular combination of LSU, landuse, soil, and (optionally) slope range. We have identified our subbasins, so

the next step is to add landuse and soil information. Our main form shows that Step 1: Delineate Watershed is

Done (Figure 20). We click Step 2: Create HRUs and we get a new form: Create HRUs.

S* QSWAT+1.2.2 — O X

Abaout

Select Project

Mewy Project Existing Project

Main Skeps
Done Delineate Watershed
Step 2 Create HRUs
QLR Pl IS Step 3 Edit Inputs and Run SWAT
Export Table

Carcel

S ATPIuS _Projects Robit/Demo

Figure 20: Ready to create HRUs
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Adding landuse and soil data

e To select the landuse map, we click on the button to get the Select landuses file form. In this case itis

again an ESRI grid and so we navigate to Robit\Landuse\roblandusenew and select the hdr.adf file.
There is no need to change the grid format, so it is copied in the same ESRI grid format into our
Source\Landuse directory and added as a layer. Similarly we select the soil map, also an ESRI grid, from
Robit\Soil\mowr_so0il90. The soil map is clipped because it is much larger than the DEM.

The landuse and soil maps are just grids of numbers. We have to relate these numbers to landuse codes
and soil names, which we do by defining lookup tables in the project database. We can define these
tables before we start, but for lookup tables there is an option to import comma-separated value (csv) files.
In the pull-down menus for Landuse table select Use csv file. Navigate to Robit and select
Robit_landuses.csv. A table called Robit_landuses is created in the project database and appears as the
Landuse table. Next time we run the project it will be available and selected when we start this form: we
only need to read the csv file once (though we can change it and import it again).

Similarly, import Robit\Robit_soils.csv to make the soil lookup table Robit_soils.

Lookup tables for landuses:
o have landuse in their names

o map LANDUSE_ID values (values found in the landuse map you will use) to SWAT_CODE values
(SWAT+ landuse codes, found in the crop or urban table in the reference database)
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e Lookup tables for soils:
o have solil in their names

o map SOIL_ID values (values found in the soil map you will use) to SNAM values (soil names found
in the usersoil table in the reference database

e We also need a table of soil properties, called a usersoil table. Import Robit\Robit_usersoil.csv to create
Robit_usersoil as the Usersoil table.
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Creating potential HRUs

We can divide HRUs also according to slope bands. We want to create the slope bands 0 — 10, and 10
upwards, where the numbers are percentages. To do this type 10 in the Set bands for slope box and click
Insert. See [0, 10, 9999] in the Slope bands box. You can insert as many intermediate points as you wish
by repeating the procedure. Use Clear to start again.

We can also at this point define elevation bands. These are bands used for subbasins at high elevation
affected by snow and ice. You set them by defining a minimum elevation: only subbasins whose maximum
elevation exceeds this are given slope bands, and by defining how many bands to use. We do not need
them for this example.

There is an option to Generate FullHRUs shapefile. Check it. We will discuss the result later.

There is a pull-down menu Select floodplain map (optional). Use it to select the floodplain map by
inversion we made earlier.

The Read choice is set to Read from maps and is currently the only choice. In future runs of the example,
provided we don't change the watershed delineation, the soil and landuse files, or the slope bands, we will
be able to Read from previous run. This reads data stored in the project database and is much faster than
rereading the maps.
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o Click Read. This will read data about the subbasins, LSUs and slopes from watershed delineation, plus
landuse and soil data, and can take some time, especially if generating a FullHRUs shapefile, so be
patient!

e When the rasters are all read and the full (or potential) HRUs created, the form reports that there are 9
subbasins, 87 channels, and 516 potential HRUSs.
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Potential HRUs created

e At this point we can see in the Layers panel
o a Full LSUs map has been added showing the LSU boundaries
o the landuse and soil maps are loaded and labelled with landuse codes and soil names

o a slope bands map has been created and coloured according to slope bands

¢ |f you want to examine these layers, cancel the rendering (visibility) of the layers above them.

e Each cell in the watershed has been categorised according to
o theLSU itisin
o its landuse
o its soill

o (if we defined slope bands) its slope band

® Points which share the same four values are grouped into potential HRUs: potential because we usually
decide to remove some because they are small and can be ignored in the SWAT+ model.
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Examining potential HRUs

e We can use the Full HRUs shapefile to see our potential HRUs. Select Full HRUs entry in the Layers
panel, right click on the entry, and select Open Attribute Table. Click on the left of entry number 305 to
select it, and zoom into the area of the map canvas that has turned yellow.
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The cells marked in yellow share
o subbasin 8
channel 48
landscape upslope
landuse AGRL
soil LVx
o slope band zero to 10
Collectively they have an area of 9.09 ha, and comprise 4.6% of subbasin 8, 62.3% of the upslope LSU of
this channel. If this potential HRU is retained, these cells will be treated as a single unit draining into the
upslope LSU and thence into the floodplain LSU and so into channel 48.

© O O O

Merging channels

Channels with small LSUs (typically short channels) generate HRUs that contribute strongly to the
processing time of SWAT+ but make little difference to the results, and so it is common to merge them.

There are typically many channels (we have 87 in a small watershed), so this is an automatic process
rather than a manual one.

Set the threshold to 2% of the subbasin, and click Read again. We see the channel count reduces from 87
to 72, and the potential HRUs from 516 to 455.

You can change the threshold and repeat the merge as many times as you like.
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Splitting and exempting landuses

¢ We have two further options now available in the Create HRUs form: Split landuses and Exempt landuses.

e Splitting landuses allows us to divide existing landuses.

Suppose, for example, we know that 50% of the landuse AGRL
. . . . . . Select land Select split land
(generic agriculture) in this area is actually CORN and 50% is et et
TEFF. Then we could use the Split Landuses form as illustrated . - -
Do this and save the split.
add Landuse  Sub-landuse  Percent
sub-landuse
. g+ 1 AGRL CORN 50
. Exempting landuses e =
means marking them as not Landuse threshold exemptions sub[ffflﬁ::j?_lse
to be removed when we Exempt landuses
Select landuse Celete
come later to remove small to be exempt e split landuse
HRUs. For example, the w Canicel Save
edits edits
FRST (forest) landuse could c
ancgl
be exempted. Make this exemption ave Cancel
. spliks
exemption.
Canel
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Ponds and reservoirs

e Ponds and reservoirs may be added in 3 ways:
e By adding lakes

e By adding pond or reservoir points to the inlets/outlets shapefile in watershed delineation. These
points will be snapped to channels, and will divide channels in two.

Areas of landuse WATR in the adjacent LSU of the upper channel will be allocated to the pond or
reservoir. (The adjacent LSU is the floodplain if used, else the channel's single LSU.) Users are
warned if there is no such WATR area.

e By setting the Reservoir threshold, which is the percentage of landuse WATR in the adjacent LSU of
each channel needed to form a reservoir. For example, if this is set to 20%, then any channel for
which landuse WATR is 20% or more of the adjacent LSU will become a reservoir. If the
downstream channel is also a reservoir by this method, they are combined into a single reservoir.

The default is 101%, effectively turning this mechanism off.

e Otherwise, area of landuse WATR form HRUS.
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Reports

e If we look at the main MWSWAT form we see that two reports are now available: Elevation and Landuse
and Soil . Each can be opened by selecting it in the pull-down menu.

e The Elevation report shows the area and percentage distribution of elevation for the whole watershed and
for each subbasin:

[ ] TopoRep.tst - Notepad

File Ecit Format View Help
| A
Elevation report for the watershed al July 2019 13.20
Statistics: All elevations reported in meters
Minimum elevation: 1789
Maximum elevation: 2845
Mean elevation: 1894.18
Standard deviation: 68.65
Elevation % area up to elevation % area of watershed
1789 a.a8 a.a8
179a a.28 a.2a
1791 a.62 a.34 w

Figure 21: Elevation report (fragment)
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e The Landuse and Soil report shows the area and percentage distribution of each landuse, soil, and slope
band for the whole basin and for each subbasin.

| LanduseSoilSlopeRepSwat.tut - Notepad

Eile Edit Format Yiew Help
]
Area [ha]
liatershed 1675.26
Lrea [ha] flatershed
Landscape units
Floodplain 496,26 29.62
Upslope 1179 . @8 78.38
Landuse
FRST 30. 06 1.79
AGRL 1489.77 88.93
PAST 155 .43 9.28
Soil
Lvx 1623.51 96.91
VRe 51.75 3.09
Slope
a-1a.a 10l16.1@ 60.65
19.9-9999 659.1a 39.35
L

Figure 22: Landuse and Soil report (fragment)
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HRU Selection

Subdividing the watershed into areas having unique land use, soil and slope combinations enables the
model to reflect differences in evapotranspiration for various crops and soils. Runoff is predicted separately
for each HRU and routed to obtain the total runoff for the watershed. This increases accuracy and gives a
much better physical description of the water balance.

The user has a choice between making each LSU into just one HRU or dividing it Single Multiple HRUS
into multiple HRUs through the Single/Multiple HRUs selection. R

Dominant landuse, soil, slope

Filter by landuse, soil, slope
The first two choices define just one HRU for each LSU: single choices: Filter by area

o Dominant HRU will choose the landuse, soil and slope combination of the SR
largest potential HRU in the LSU.

o Dominant landuse, soil, slope will give to the single HRU the landuse with the largest area of the
LSU’s landuses, and similarly for soil and slope.

The other three choices are multiple choices. If one of these are chosen itis
possible to reduce the number of HRUs by eliminating small ones and redistributing their area
proportionately amongst the larger ones. Small ones may be determined in various ways:

o by thresholds for landuse, soil, and slope bands

o by area thresholds

o by targeting the number of HRUs to be formed
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Filtering by area

o If Filter by area is chosen there is then a choice of threshold method, and a choice of threshold value.

o If the method chosen is Percent of landscape unit and the value (set by moving the slider or typing in
the box) is, say, 10, then HRUs which are less than 10% of their LSUs will be removed.

Area threshald
Threshold methiod 0 Area (%) 100
(® Percent of landscape unit
() Area (Ha! . 10

o If the method chosen is Area (ha) and the value set is, say, 5, then HRUs which are less than 5 ha
will be removed.

Area threshold
Threshold method
0 Area (ha) =]
() Percent of landscape unit
® Area (Ha) ]

e The percent or area method makes a difference when subbasins vary considerably in size. Suppose, for
example, that LSU A has a size of 50 hectares and LSU B has a size of 5 hectares. Suppose potential
HRU Al has a size of 5 hectares, and so is 10% of its LSU, and potential HRU B1 has a size of 2.5
hectares, and so is 50% of its LSU. Then when selecting by area, Al is bigger than B1, but by percent B1

is bigger than A1l. With the limits shown above, A1 would (just) be retained by both. B1 would easily be
retained by percent but eliminated by area.
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Setting a target

If Target number of HRUs is chosen there is then a choice of threshold method, and a choice of target

value. Suppose, for example, we set a target of 250 HRUSs, out of the current 455.
Target

144 Mumber af HRLUs 455

. Z50

o If the method chosen is Percent of subbasin then the HRUs will be sorted in order of their
percentages of their subbasins, and the smallest 155 will be eliminated.
o If the method chosen is Area (ha) then the HRUs will be sorted in order of their areas in hectares,

and the smallest 155 will be eliminated.

e Targets are typically exceeded when exemptions for some landuses have been chosen, or landuses are

split, as splitting is done after elimination. If the result has too many HRUs you can always run again with
a lower target.
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Filtering by landuse, soil and slope

¢ We will use Filter by landuse, soil, slope. Select this option, and choose Percent of subbasin as the
method.

Landuse, soil, slope thresholds

0 Landuse (%) 51 I:I

. G0
0 Soil (%) 100

a0
1] Slope (%) 100

o We will first set the landuse percentage to 10 and click Go. This means for each LSU we will not
include any landuse for which the percentage area in the LSU is less than 10. The number 51 at the
end of the landuse slider indicates that this is the lowest percentage for a dominant landuse across all

the LSUs. Trying to set the percentage higher than this would mean trying to remove all HRUs from at
least one LSU.

¢ We set the same percentage of 10 for soil and click Go, and also for slope . Then we complete the
HRU selection by clicking Create HRUs. The form closes, and we are informed that we have selected
651 HRUs in the 9 subbasins.
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HRUSs report

We see in the main QSWAT+ form, under Select report to view, that there is a new report available: HRUs
(see Figure 23).

This shows the detailed actual and percentage areas for the watershed and each subbasin, for each
landuse and soil, before and after HRU creation, and for each HRU.

If you want to change the HRU selection, click on Create HRUs in the main QSWAT+ form to reopen the
Create HRUs form. Read choice will be set to Read from previous run, and you can click Read and redo
HRU selection.

Actual HRUs

If you chose (as we did) to create a Full HRUs shapefile you will see that a new shapefile Actual HRUs has
been created. This is simply the Full HRUs file with the eliminated HRUs removed.

It appears from the Actual HRUSs file that there are now holes in the watershed. But in fact the retained
HRUs have been proportionately increased in size so that in each subbasin their total area is the area of
the subbasin. This can be seen from the before/after figures in the HRUs report.
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E HrulanduseSoilSlopeRepSwat.bd - Notepad

File Edit Format View Help
hand5capefLandu5ef5011f510pe and HRU Distribution 91 July 2019 14.19 )

Short channel merge threshold 2%
Using percentage of subbasin as a threshold
Multiple HRUs Landuse/Soil/Slope option Thresholds: 18/18/18 [%]
Humber of subbasins: 9
Humber of channels: 72
Humber of LS5Us: 144
Humber of HRUs: 651
Landuses exempt from thresholds: FRST
Split landuses:
AGRL split into CORH : 5@% TEFF : 5&%

Humbers in parentheses are corresponding walues before HRU creation

frea [ha]
liatershed 1675 .26
frea [ha] Ylatershed
Landscape units
Floodplain 496.26 29.62
Upslope 1179.0a 70.38
Landuse
FRST 30.43 (30.06) 1.82 (1.79)
CORI 758.47 (0.00) 45.27  (9.08)
TEFF 758.47 (0.00) 45.27  (0.00)
PAST 127.89 (155.43) 7.63 (9.28)
AGFRL (1489.77) (88.93)

Figure 23: HRUs report (fragment)
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Visualisation

If we look at the main QSWAT+ form we will see a new button has appeared: Visualise. This becomes
available when there is an output database in the Default/Results directory (so it will reappear if you close

and reopen the project).
Visualisation offers a number of ways to visualise SWAT+ outputs.
Click Visualise to open the Visualise Results form (Figure 24).

We have only one Scenario, the one called Default that the SWAT+ editor generates. If we copied this to
make a new scenario, we would place it in the Scenarios directory and it would appear in the Choose

scenario pull-down menu.
The output tables available are the ones we saved, restricted to those that can be visualised.
The period defaults to the period we chose, less the warm-up period (NYSKIP) of 3 years.

There are three options available:

o Static data to display a summary value (such as a mean or a maximum) across the simulation for a
SWAT+ output.

o Animation to make an animated display of an output variable, showing how it changes with time.
o Plot to make graphical plots of SWAT+ outputs.

o Post processing which helps us calculate a number of environmental flows.
53



e There is also a Print section we will use to compose print layouts.
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S* Visualise Results

Choose scenario Choose SMAT+ output kable
e R —
A
Chonse perind channel_sd_day
channel_sdmorph_day
Start date aquifer_mon
channel_sd_mon
|1 V| |January "| |1993 | E channel_sdmarph_man
hru_ls_mion
Day Month Year hru b, man
hiru_pw_mnon
hru_wh_rnon W

Skatic data Animation Plot Post processing

Choose results shapefile

hoose variables Choase surmmary

| 7 Tatals v

fdd

1

Clear

| Create |

Prink

(® Landscape () Portrait  Mumber of maps |1 %| | Print: |

Close

Figure 24: Visualise Results form



Visualising Static Data

Select the Static data tab, and the Isunit_pw_mon output table. This generates a default results shapefile,
named <table>results.shp in the Results directory of the current scenario, namely Default. You can
change the file name and/or location if you wish. It is a copy of the Isus shapefile in the same directory.

Under Choose variables the pull-down menu contains all the outputs in the Isunit_pw_mon table. You can
select all of them, by clicking All, or select them one at a time using Add. It does little harm to select All, so
we do this.

We need to select a variable to display. Select bioms.
We need to select a summary. Here
O Totals means, for each subbasin, a total value across the simulation

o Daily, Monthly, and Annual means are averages: the total figure divided by the number of days,
months, or years respectively in the simulation.

O Maxima and Minima are the maximum or minimum values of the variable in the simulation.
Select Monthly means and click Create. The results shapefile is added to the map canvas (Figure 25).

You can change the variable to display (select another one and click Create) or the summary (select
another one and click Create).

You can examine the data being displayed by opening the attribute table of the results shapefile (right click
on its entry in the Layers pane).

You can create and display new data as a function of existing data using QGIS Field Calculator.
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Figure 25: Displaying static data
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Printing
e QSWAT+ provides templates to create a composition of 1, 2, 3, 4 or 6 results maps laid out in either
landscape or portrait mode.
® The templates are not expected to provide final compositions. You can edit them to change text, change
the size and position of maps, etc.
® Each template includes as well as the maps and legends:
O Page title
O North arrow
O Scale bar
O Text box containing Author/Company
O Date
e We'll make a 3-map display:

O Switch to the Isunit_Is_aa table and create the sedorgn map

e Switch to the channel_sdmorph_mon table and create the maximum peakr map. Remove the
visibility of the other two results maps to see this one clearly.

O Select Portrait and 3 as the number of maps, and click Print.
® After any editing, save it as a .pdf (Composer -> Export as PDF) or image (Composer -> Export as Image)
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SWAT+ results: Demo *

Default peakr Maxima
0-30
30-80
e 80 - 150
150 - 260
— 260 - 380

Default sedorgn Annual means
Hls-13
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[119-23
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Il 26- 30

Default bioms Monthly means
[ Jo-1670

[] 1670 - 6270

6270 - 11890

I 11890 - 17290

Il 17290 - 25630

0 1 2 3 4 5 km

Company/Author
Created on: 2019-07-02

Figure 26: Print composition
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Rules for creating print layouts

If n maps are requested, the first n maps in the Results group of the Layers panel are used, regardless of
current visibility.

Layers in the Watershed group are included as background if they are currently visible. The Watershed
layer is commonly used to provide subbasin boundaries. Results layers have transparency set to 35% so
that background layers are visible.

If you want to include, for example, a landuse map, drag it into the Results group before clicking Print.
The map layers in the composition are set locked: otherwise they would only show whatever the canvas
shows, but they can still be resized or moved.

The scale bar is attached to the top left map. If you change its size the scale bar will adjust, but you need
to change the others manually to match.

Hint: maximize the watershed size in the map canvas before you start to set up the composition.

The composer has many features. Look at:

o https://docs.qgis.org/2.18/en/docs/user manual/print composer/print composer.html

o http://www.qgistutorials.com/en/docs/3/making a map.html
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Animation

Select the Animation tab. Keep the output table as channel_sdmorph_mon.
There are two modes of animation: map canvas and print composer. We will use the map canvas.
Select New in the Set up animation group.

We can only select one variable at a time, since animation continuously rewrites a shapefile and we do not

want it to run too slowly. Select flo_out.

QSWAT+ calculates suitable breaks using the Jenks natural breaks algorithm, and 5 classes. This
calculation involves all the flo_out values for all the channels for the whole period, and can take some

time.

Set the speed to 5 and click on the arrow to start the simulation.

You can pause with the pause button and rewind to the start.

You can also drag the slider, or use the left and right arrow keys to step through the animation.

At each point the map canvas shows the values of flo_out for each channel at the date shown above the

slider. We chose earlier to print monthly output, so the animation proceeds in monthly steps.

Animation is done by changing the attribute values of a shapefile, rivsO.shp in this case, in the current
scenario's Results\Animation directory. You can save this file, but remember it only contains values for

the time point currently shown.
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S* Visualise Results

Choose scenario Choose SWAT+ output table

Defaulk w | | channel_sdmaorph_mon g

Choose period

Skart date Finish date
1 v daruary v [1993 | 31 v |December | |2000
Day Manth Year Day Manth Year

Skatic data Animation Plak Post processing

Set up animation

(®) Mew () Current Yariable  |flo_out w

Animation mode

@ Map canvas D Prink composer

January 1993

1
Speed
- Start recording Play recording

Close

Figure 27: Map canvas animation

62



Recording

Rewind the animation, by dragging or using the rewind button.

Click the Start recording button, and click the arrow to run the animation again.

When it reaches the end (or whenever you like) click Stop recording.

Each step in the recording has been saved as a PNG file. When you stop recording the PNG files are
assembled into an animated GIF.

After Stop recoding, clicking Play will play the animated GIF using whatever is the default tool on your
machine.

The speed of the recording is according to the speed setting when Stop recording is clicked. It may play
faster than the animation itself, so you may want to remake it with a different speed setting.

Stop recording also deletes the PNG files. . If you want to use them, e.g. to use Gimp to make a more
elaborate animation, pause the animation or wait for it to finish, do not click Stop recording, and find them

in Scenarios\Default\Results\Animation\Png.
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Print animation

If we want to animate more than one variable at once the map canvas is not very suitable as the
animations will overlay each other. So we can use a print composition.

Keep the New setting (if you choose Current the next animation will replace the old one).
Change the table to Isunit_wb_mon and select surq_gen as the variable.
Select Print Composer as the Animation mode.

Select Landscape and 2 as the number of maps. This selects the first 2 maps in the Animation group,
regardless of visibility.

Move the slider by hand towards the end of the period, e.g. June 2000 to reduce the number of images.

Click Start recording. A form explains that the composer will start, and you can modify it, but you must
then save it as AnimationTemplate.gpt in the Results folder of the Default scenario. Click OK and the
composer appears (Figure 28)

64



= "Demol2landscape.qpt 0

Layout  Edit  Wiew Items AddItem  Atlas  Settings

BRLREB b eihne : éh B
PHLUEC BB L L LE tH]

®

@_|||||||||EE:||||||| |D|||||||||I::||||||| |E:|||||||1|D|E:||||||1|2|I:|I||||||1|4;E||||||||1|E:D|||||||1|8|I:|||||||| |D|E:|||||| |2|D||||||| |4|.E|I|||||| |E:D|||||||| |8|I:|I||||||P| Items Ex
= = L]
- - ® @ Iem ~
'zC) O Campar Guthor
™= SWAT+ results: Demo O] (7] pate
@ | r= <Picture>
% concat( "Created...

© O m e
[
b Layout Ttemn Properties Guides
m Item Properties ﬂ x

.'h_']
o
a0

g0

100

140

e N |

Default surq_gen Default Ao_out
= o-a 0-z
o
- 40 - 120 3-19

120 - 210 1R

= 210 - 320 m— - 31
@ B =20 - 650 — ] 2

January 1993 0 1 2 3 4 5 km CormpanyfAuthar
= | =aam = Created an: 2019-07-03
)
(]

h
L
<

X 277 mm i O rarn page: 1 71.7% e I

Figure 28: Animation print composer
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Make any changes you wish, e.g. inserting your name.

Use Composer -> Save as Template to save it as
C:\QSWAT _Projects\Robit\Demo\Scenarios\Default\Results\AnimationTemplate.qgpt

as instructed. Confirm overwriting, and Quit the print composer.

The red start/stop button indicates that recording is ready to start. Click the play arrow.

The composer is used to generate an image for each time step. When it finishes, click Stop recording.
A message tells you where the recording is stored - as Videon.gif (n is a number) in Default\Results.

Click Play to see the saved animation.
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Plotting Results

Select the Plot tab.
We are going to produce a graph of one or more variables against time. We might for example
o compare the same variables from different LSUs, channels or HRUs
o compare the same variables from different scenarios
o compare simulated variables to observed values
We are going to compare simulated output from our main outlet with observed data which we have.
Choose our observed data file, which is Robit\Observed\observedFlow.csv.
Set the output table to channel_sdmorph_mon.

Click Add plot to create a plot entry. We see that the scenario and table are selected, and Unit is not set.
The units will be channels, as we can see from the table name. Set the unitto 1, which we can see from

the map canvas is our main outlet's channel.
Set the variable to flo_out.

If we had a different run in another scenario, and wanted to compare, we would now use Copy plot, which

copies most of the entry above, change the scenario (top of the form), and change the channel to 1; it was
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cleared because the other scenario might have had different channels. Note the way that changing one of

the pull-down menus changes the currently selected plot entry. Remove the extra entry with Delete plot.

Click Add observed to add an entry from our observed data file. It uses observed as the name of the
scenario and allows us to choose the data column from those in the file. In this case there is only one,

Flow, and so it is preselected.

Click Plot. We are first asked to provide a name for the output file, which will be a comma separated value
file. Such a file is created so that you can afterwards use other tools to display or analyse it. Choose a

suitable name, perhaps flow, and Save.

You will get an error saying the data for 1998/1 is missing for the second plot, the observed one. Our
observed data only runs from January 1993 to December 1997. Change the year of the finish date to 1997
(Figure 29), and click Plot. Choose the same output file name, and confirm you are happy to overwrite it.
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S* Visualise Results

Choose scenatio Choose SWAT+ output table

Default - channel_sdmorph_mmon

Choose period
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Copy plak
Move up
Mo down
Add
observed
Flot
Close

Figure 29: Plotting outputs and observed data
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SWATGraph will be opened, showing a line plot of the data (Figure 30).
The data used is also displayed.

Correlation is automatically calculated between all pairs of plots, and Nash-Sutcliffe Efficiency is calculated

for pairs involving an observed plot.
You can change the histogram display to line using Chart Type and Update.
You can pan and zoom to examine parts of the graph in more detail.

You can save the plot as an image file for use in documents.
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e You can provide a title, label the axes (click graph symbol).

~ SWATGraph

Simulated and observed flow at the outlet

40_
20 A
0_ T T T T T T
1993 1994 1995 1996 1997 1998
Date —— Default-channel_sdmorph_mon-1-flo_out  —— observed-Flow
--— [
A € > $Q =¥
Date Default-channel_sdmorph_mon-1-flo_out observed-Flow &3
: 0.468 0.649158452 Chart Type
19932 0.257 0.31414287 Line graph  ~ Update
1993/ 0.286 0.16733743
1993/4  0.639 0,21867999 Mevw File

W
to Plot Close

Seriesl: Default-channel_sdmorph_mon-1-flo_out SeriesZ: oheerved-Flow Pearson Correlation Coefficient = 0.75
Seriesl: observed-Flow Seriesz: Default-channel_sdmorph_mon-1-flo_out  Mash-Sutcliffe Efficiency Coefficient = 0.50

Figure 30: SWATGraph
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Observed data

Observed data is essentially a comma-separated-value file with
e Headings on the first line, separated by commas
¢ As many data values as there are headings on each succeeding line, separated by commas

¢ As many data lines as there are dates in the SWAT+ output.

If the first heading is DATE (or date, Date, or the same 4 letters in any cases) then the first column is

ignored. Itis assumed (and not checked) that the dates correspond to the dates in the SWAT+ output.

Leave blank for missing data, or put any text which cannot be parsed as a number, e.g. 'missing’. Missing
data will be omitted from graph.
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Environmental flows

e QSWAT+ can calculate a number of environmental flows.
e They require channel_sd_day to have been chosen for printing.
e Select the Post processing tab in the Visualise Results form.

1. Qq provides for each calendar month the flow in m3/s that is exceeded by q% of the flows in that
month. For example, if you set g to be 95%, and set the subbasin to 7, and the August result is 0.03,
then 95% of the time the average daily flow from subbasin 7 in August is at least 0.03 m3/s.

2. dQp provides a single flow statistic for a selected subbasin, where d is the number of days for
creating moving averages, p is a threshold percentage. Users also need to set a start month (which
should not be in a low flow period) , and choose between Percentile and Mean. The flow for each
year is calculated as the minimum of the moving average flows for that year. Then if Percentile is
selected, and p is, say, 95 and d is 21, then 21D95 will be calculated as the flow which is exceeded
for 95% of the flows for each year. If Mean is selected then 21Qm is calculated as the mean of the
flows for each year: d is ignored.

3. Qb,. The Basic Flow statistic provides an annual and also monthly statistics for a selected subbasin.
A rate of flow for each year is calculated as the minimum moving average for a year, where the
length of the moving average is chosen as the one that gives the highest rate of change between the
minimum and the previous moving average. The annual result is then the mean of these flows for
each year.

The values for each month are the annual result multiplied by the variation factor for the month. The
variation factor is calculated as the square root of a ratio, the ratio of mean daily flow for days in that
month to the minimum such figure for all months.
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e Results can be saved, either in separate files or combined into a single file, allowing results of different
statistics and different parameters to be retained and compared.

e The Robit basin is much smaller than would normally be used for calculating environmental flows.

74



Restarting a Project

e Click OK in the main QSWAT+ form (which saves everything) and then Project -> Exit QGIS to close QGIS
e Start QGIS again.

e |tis possible to click the SWAT+ button and then use the Existing Project button, navigating to the project

(.qgs) file. But it is much more convenient to

o Use Recent Projects or Project -> Open Recent and select your project. This restores the map

layers.
o Click the SWAT+ button to start QSWAT+. This

= Tries to rerun delineation and HRU creation, and should succeed if they were previously

completed

= Creates a visualise button if a saved output database is discovered in

Scenarios/Default/Results.

¢ In this project, since it was previously run through completely, you are in a position to rerun any of

o Watershed delineation
o HRU creation
o SWAT+ Editor
o Visualisation.
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