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• Small watershed to river basin-scale model to simulate the quality and quantity of 
surface and ground water and predict the environmental impact of land use, land 
management practices, and climate change

• Daily time step

• Comprehensive simulation of land phase processes and in-stream routing

• Worldwide use of SWAT:
• Applications at various temporal and spatial scales all around the globe

• Annual international and regional conferences

• Over 3200 peer-reviewed articles 

Introduction
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• Product of over 45 years 
of U.S. Department of 
Agriculture and Texas 
A&M University model 
development

History of SWAT+
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Climate

• Weather variables

• Precipitation

• Min./max. air temperature

• Relative humidity

• Solar radiation

• Wind speed

• Observed data

• Weather generator
• when observed data is not available

• to fill in missing values in observed 
data

• Precipitation is classified as rain or 
snow depending on air temperature

5

The climate of a watershed provides the moisture and energy inputs that 
control the water balance and relative importance of its components. 
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Land and Water Phases 

• Land phase processes
• Hydrology

• Plant growth

• Erosion

• Nutrient cycling 

• Pesticide, pathogen, heavy metal, and salt 
dynamics

• Land management

• Control runoff and loads of sediment, 
nutrients, and constituents entering the 
streams of the watershed

• Water phase processes
• In-stream routing

• In-stream transport of sediment, nutrients, 
pesticides, pathogens, heavy metals, and 
salts

• Reservoirs and ponds

• Control the amount of water and loads of 
sediment, nutrients, and constituents 
reaching the watershed outlet
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Hydrology – Moisture Inputs

• Precipitation

• Rain

• Snow

• Snowmelt

• Irrigation
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Hydrology – Evapotranspiration (ET)

• Potential ET

• Hargreaves 
(Hargreaves et al., 1985)

• Priestley-Taylor 
(Priestley and Taylor, 1972)

• Penman-Monteith 
(Monteith, 1965)

• ET from soils and plants 
is computed separately
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Hydrology – Surface Runoff 

• SCS Curve Number (CN) 
method (USDA-SCS, 1972)

• CN varies non-linearly 
with the soil moisture 
content

• Green & Ampt infiltration 
method (Green and Ampt, 
1911)

• Surface runoff calculated 
as difference between 
precip and infiltration

• Requires sub-daily precip
data
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Hydrology – Infiltration

• Calculated as difference 
between precipitation 
and surface runoff 
when using CN method  

• Calculated directly 
when using Green & 
Ampt method

• Rate of infiltration 
decreases as soil 
becomes wetter
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Hydrology – Redistribution and Lateral Flow

• Redistribution
• Downward flow when 

field capacity of a soil 
layer is exceeded and 
the layer below is not 
saturated 

• Flow rate depends on 
saturated conductivity of  
soil layer

• Lateral flow
• Depends on soil water 

content, conductivity, 
and slope
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Hydrology – Shallow Aquifer

• Percolation 
• Water percolating past 

the bottom of the root 
zone recharges the 
shallow aquifer

• Revap
• Replenishes soil moisture 

in very dry conditions

• Return flow
• Groundwater contribution 

to streamflow
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Hydrology – Deep Aquifer

• Percolation out of 
shallow aquifer 
recharges deep aquifer

• Deep aquifer flow is 
assumed to leave the 
watershed
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Plant Growth

• Stresses:

• Water

• Nitrogen

• Phosphorus

• Temperature

• Aeration
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Erosion

• Modified Universal Soil Loss Equation

• sed = sediment yield on a given day (metric tons)

• Qsurf = surface runoff volume (mm/ha)

• Qpeak = peak runoff rate (m3/s)

• areahru = area of the HRU (ha)

• KUSLE = USLE soil erodibility factor

• CUSLE = USLE cover and management factor

• PUSLE = USLE support practice factor

• LSUSLE = USLE topography factor

• CFRG = coarse fragment factor
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Nitrogen Cycle
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Phosphorus Cycle

2022-10-20 17SWAT+ Introductory Workshop



Pesticides
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Land Management

• Crop Rotations

• Removal of biomass as harvest / 
conversion of biomass to residue

• Tillage / biomixing of soil 

• Fertilizer applications 

• Grazing

• Pesticide applications

• Irrigation

• Subsurface (tile) drainage

• Water impoundment (e.g. rice)

• Conservation practices

• Structural practices

• Urban areas 
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In-Stream Processes

• Flood routing

• Evaporation

• Transmission losses

• Down-cutting and widening

• Nutrients

• Constituents (pesticides, 
pathogens, heavy metals, 
salt)
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In-Stream Nutrient Processes
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In-Stream Pesticide Processes
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Impoundments

• Water balance:

• Inflow

• Evaporation

• Seepage

• Withdrawals

• Outflow

• Nutrient balance:

• Well-mixed system

• Nitrogen and phosphorus loss rates

• 2 settling periods per year
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SWAT+ Strengths

• Upland processes

• Comprehensive hydrologic balance

• Physically-based inputs

• Plant growth and crop yields

• Nutrient cycling in soil

• Land management and agricultural 
BMPs

• Urban processes and BMPs

• Channel Processes

• Flexible Watershed Configuration

• Water Transfer—Irrigation Diversions

• Sediment Deposition/Scour

• Nutrient/Pesticide Transport

• Pond, Wetland and Reservoir 
Impacts
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SWAT+ Installation

• Download and install QGIS and the SWAT+ Installer following the 
instructions on https://swatplus.gitbook.io/docs/installation. 

• Download and install additional software:

• Text Editor of your choice (e.g., Notepad++)

• SQLite Studio (https://sqlitestudio.pl) or any other tool for viewing and editing 
SQLite databases
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SWATPlus Directory 

• Databases: project database template, reference 
database, project file template,  global weather 
generator database and SSURGO/STATSGO soil 
database

• Documents: QSWAT+ manual

• ExampleDatasets: Robit data

• SWAT+ Toolbox: Software for sensitivity analysis, 
model calibration, evaluation, and validation 
(Windows only)

• SWATPlusEditor: Software for editing and running 
SWAT+ models

• TauDEM: TauDEM programs used for watershed 
delineation

• Tools: ConvertFromArc and SWATGraph
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QSWAT+ and the SWAT+ Editor

• QSWAT+: 

• Spatial setup of SWAT+ models (watershed delineation and HRU definition)

• Visualization of SWAT+ output

• SWAT+ Editor: 

• Reading in of weather data 

• Editing of SWAT+ inputs 

• Writing of SWAT+ input files (SQLite databases to text files)

• Running the model and saving outputs
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Example Watershed

• Little River Experimental Watershed, Georgia, USA 

• Area: 334 km2

• Average annual precip: 1208 mm

• Average temperature: 19.1°C

• Average streamflow:  2.95 m3/s

• Topography: Broad floodplains, gently sloping uplands

• Land use: 50% forest, 41% ag land

• Soils: loamy sands and sandy loams

• Subwatershed J -> Lil-J
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Input Data Directory

• This directory contains 
all the input data we 
need for setting up a 
SWAT+ model for the 
Lil-J watershed.
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Installation of QSWAT+ Plugin

1. Go to Plugins > Manage and 
Install Plugins

2. Select All

3. Activate QSWATPlus3_64 by 
checking the box

4. You should now see a SWAT+ 
button in the QGIS toolbar

1.

2.

3.

4.
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QSWAT+ Main Window

1. Click the SWAT+ button to open the QSWAT+ main window.

2. Click About to get information about which versions of QSWAT+, QGIS, and 
Python you are using.
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QSWAT+ Parameters

1. Click QSWAT+ Parameters to see which 
parameters you can set to customize your 
model.

• MPI = Message Passing Interface 
• Can be used for watershed delineation if you have 

a multi-core processor to reduce processing time 
for large DEMs.

• Please refer to Chaper 16 of the QSWAT+ Manual 
for instructions for installing and using MPI.

• This setting will be applied to all QSWAT+ projects. 

• The remaining QSWAT+ parameters are project-
specific.
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Channel Width and Depth

• QSWAT+ uses standard formulae for estimating the widths and depths of channels: 

width = WM * DAWE

depth = DM * DADE

where DA is the area draining into the channel in square km, WM is the channel 
width multiplier, DM the channel depth multiplier, WE the channel width 
exponent, and DE the channel depth exponent.

• The defaults are intended to provide typically appropriate values, but may not give 
good estimates in your area. Changing these values and clicking Save will cause the 
values to be used for calculating channel widths and depths and also saved in the 
project file for use in the future.
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Slope and Length Multipliers

• Mean slopes and channel lengths are calculated as part of delineation. DEMs 
are obviously only small samples of the actual terrain elevations, and so 
these values may poorly estimated.

• They can be changed individually in the relevant project database tables, but 
it may also be useful to correct a persistent bias by multiplying the estimated 
figures by a constant.

• As with the width and depth parameters, when these values are changed 
and Save is clicked, they are immediately updated.
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Other QSWAT+ Parameters

• Stream burn-in depth: This is the depth in meters by which elevations are 
decreased when streams are burned in. Changing this parameter and clicking 
Save only has effect the next time the watershed delineation is done (with 
the burn-in option selected).

• Upslope HRU drain %: When a floodplain is included in calculating LSUs and 
HRUs, HRUs in upslope LSUs have by default 90% of their outflowing water 
routed to the channel (or reservoir or pond) and 10% to the floodplain LSU.

• Font point size: This enables users to select a larger or smaller font size for 
QSWAT+. It only takes effect if Save is clicked and QGIS (and QSWAT+) 
restarted.
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Starting a New Project

1. Click New Project to start setting 
up a new SWAT+ project 

2. In the form for selecting a parent 
directory, navigate to the desired 
folder and click Select Folder

3. In the form for specifying the 
project name, type in «demo» 
and click Save
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Project Folder

• QSWAT+ creates a folder 
containing

• a project file (demo.qgs)

• a project database 
(demo.sqlite)

• a SWAT+ database 
(swatplus_datasets.sqlite)

• two subdirectories 
(Scenarios and Watershed)
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Databases

• SWAT+ database: Copy of a default value database stored as 
C:\SWAT\SWATPlus\Databases\swatplus_datasets.sqlite.

• Contains default data that will be used later by the SWAT+ Editor.  

• Project database: Copy of a default project database stored as 
C:\SWAT\SWATPlus\Databases\QSWATProj2018.sqlite.

• QSWAT+ will extract watershed-specific data from the GIS maps and create tables 
in this database.

• Based on the default data and the watershed-specific data, the SWAT+ Editor will 
write all data needed for a SWAT+ run into this database. 
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Scenarios Folder

• The Scenarios folder contains a subdirectory Default with two folders:

• Results: stores SWAT+ outputs that were extracted by the SWAT+ Editor for 
visualization in QSWAT+ and visualization results

• TxtInOut: contains all SWAT+ input and output files

• If we later decide to save a SWAT+ run, it will also be saved in this folder
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Watershed Folder

• The Watershed folder contains three subfolders:

• Rasters: contains all raster files used or generated during the model setup

• Shapes: contains all shapefiles used or generated during the model setup

• Text: contains text files with information about land use, soils, slopes, and HRUs
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Changes to the QSWAT+ Main Window

• We can see that the QSWAT+ Main Window has changed now that we 
created a project.

• There is a new button called Export Table.

• There is a list of main steps of which only the first one, Delineate Watershed, is 
currently active. 
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Export Table

• Clicking the Export Table button on the 
main form opens the Export SQLite table to 
csv form. You can use this form to create a 
csv (comma separated value) file from any 
SQLite database table. Then, perhaps after 
editing, you can import the form into its 
original table or to another database. 
QSWAT+ supports the import of csv files for 
landuse lookup tables, soil lookup tables, 
usersoil tables, plant tables and urban 
landuse tables.
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Watershed Delineation

1. Click Delineate Watershed to open the 
watershed delineation form

• In this form, we will delineate/define:
• Stream network

• Inlets/outlets

• Subbasins

• Landscape Units

• Lakes

• TauDEM options
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Digital Elevation Model (DEM)

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

• However, QSWAT+ uses TauDEM to do the watershed delineation, which 
requires DEMs to be in GeoTiff format, so if necessary QSWAT+ does a 
conversion to GeoTiff when it copies the DEM into the project folder.

• For watershed delineation, QSWAT+ assumes that each cell in the DEM grid 
represents the same area, so the DEM needs to be projected into an equal 
area projection or a conformal projection. 
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Loading the DEM

1. Click on the button with the three dots in the Select DEM box and navigate 
to the DEM folder in the input file directory. 

2. Select dem_lilj.tif and click Open.

Note: If your DEM was in ESRI grid 
format, you would select the hdr.adf
file as the one to load. You can pull 
down the list currently set to “All files 
(*)” to see the conventions for other 
grid formats.
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DEM Load and Display

• As the DEM is converted 
to GeoTiff you may 
briefly see the shell 
window where GDAL is 
working. 

• Then, the DEM is 
displayed in QGIS. 

• A hillshade layer is also 
created to give a better 
impression of the terrain. 
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DEM Properties

1. Click the DEM properties tab in the 
Watershed Delineation form.

• This tab provides information about
• the horizontal and vertical units, 

• the cell size and area,

• the extent of the DEM, and 

• the projection of the DEM.  

• If your DEM has vertical units other than 
meters you need to change them here.
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Delineate Watershed

1. Click the Delineate Watershed tab in 
the Watershed Delineation form.

• Now, we will provide the information 
QSWAT+ needs to

• burn in an existing stream network, 

• define channel and stream thresholds, 

• and place inlets/outlets on the stream 
network. 
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TauDEM Options

• We can set a couple of options for TauDEM, which should be done before 
starting the stream network delineation. 

• The Number of processes option sets the number of processes to use if we are 
using MPI. We recommend 8 on a dual core processor and 12 or more on a quad 
core processor, but feel free to experiment. Otherwise, this number should be set 
to 0. 

• A series of TauDEM tools will be run to perform delineation. You can see their 
outputs as they are run by checking Show Taudem output. Alternatively, you can 
see their outputs after you have run them in the TauDEM output tab.
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Burn in Existing Stream Network

• Burning in a stream network is optional, but useful when a suitable map is 
available and the area is relatively flat.

• The burn in lowers the elevation of the DEM grid cells along the streams so 
that they are lower than the surrounding grid cells and identified as streams 
during stream network delineation.

1. Check Burn in existing stream network, click on the button with the three 
dots, and navigate to the streams folder in the input file directory.

2. Select streams_lilj.shp and click Open.

• The shapefile is displayed in QGIS.
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Channel and Stream Thresholds

• Delineation needs a number representing the minimum area needed to 
form a stream or channel. 

• These can be defined either as a number of cells or as an area, and you can 
choose the units to use for an area. 

• QSWAT+ provides default values. You can change these and create the 
channels and streams until the resulting stream network looks reasonable. 

1. Change the units to hectares and put 10 ha as the area for a channel and 
100 ha for a stream. 
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Channels and Streams

• The distinction between channels and streams is only used during model 
setup. In SWAT+, channels and streams will be the same spatial object.

• QSWAT+ will create a subbasin for each stream and a landscape unit for 
each channel. The subbasins will not be used in SWAT+. However, QSWAT+ 
will create one shallow aquifer per subbasin, so the stream threshold has an 
impact on the number and size of aquifers in the model setup.

• Outlets can only be placed on streams, not on channels, so make sure that 
the stream threshold is small enough for the streams to extend to the 
location of all gauges of interest.
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Channel and Stream Definition

1. Click Create Streams.

• A series of TauDEM tools are 
run*. You can examine their 
output in the TauDEM output
tab if you wish.

• The channel and stream 
network is added to QGIS. 

• Delineation can take some 
time, so be patient!

*PitRemove, D8FlowDir, DInfFlowDir, Area D8, 
AreaDinf, GridNet, Threshold, and StreamNet
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Inlets and Outlets

• Main outlet

• Main outlets do not have an outlet downstream from them.

• Upstream outlets

• These should be placed at locations where observed streamflow data is available 
to make sure the model produces a simulated time series.

• Inlets 

• QSWAT+ will exclude the area upstream from an inlet from the model setup.

• Each inlet or outlet point you define will create a subbasin boundary.
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Defining Outlets

• You can define inlets/outlets
• by using an existing shapefile

• or by drawing them interactively

• Drawing them interactively will create a shapefile that can be in future setups for the 
same watershed.

• It is also possible to draw on an existing shapefile to create additional points, or to select 
only a subset of points in an existing shapefile.

• All inlet or outlet points must be placed on a stream, so if we want to draw any outlets, 
we need to display the stream network.   

• If you don't use an inlets/outlets shapefile, main outlets will be defined where the 
streams cross the edges of the DEM. 
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Defining Other Types of Points

• You can also define reservoirs, ponds, and point sources.

• Reservoir and pond points will be snapped to channels and 
will divide channels in two. Areas of land use 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 
land use WATR. 

• QSWAT+ will automatically add a point source to every 
channel. However, defining point sources manually is a good 
option if you want to place them more precisely.
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Using an Existing Outlet Shapefile

• For the example watershed, we will use an existing shapefile containing the 
main outlet.

1. Make sure that Use an inlets/outlets shapefile is checked, click on the 
button with the three dots, and navigate to the outlet folder in the input 
file directory. 

2. Select outlet_lilj.shp and click Open. 
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Drawing Outlets

1. Click Draw inlets/outlets.

2. In the Select inlets/outlets file to 
draw on form, click Current. 

3. In the Inlets/outlets form make 
sure that Outlet is selected. 

4. Click on the map where you want 
the outlet to be located (try to get 
the point on the stream).  

5. Click OK.
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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 points to the nearest channel or stream provided they are 
within the snap threshold, which defaults to 300 m. 

• When we create the watershed, the form will say how many points were 
snapped. If this is less than intended, we can move them closer or try 
increasing the threshold. If we have several points and some were not 
snapped, click Review snapped to see which ones have been snapped 
successfully. 
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Creating the Watershed

1. Click Create watershed, and check that 2 snapped is reported on the 
Watershed Delineation form.
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Watershed Display
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Make Grid

• QSWAT+ provides the option to construct a grid-based SWAT+ model. You 
can create a grid in the Watershed delineation tab or use an existing grid in 
the Use existing watershed tab.

• We will not explore this option in this workshop. Please refer to Chapter 9 in 
the QSWAT+ Manual for a detailed description of how to set up a grid-based 
SWAT+ model.
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Creating Landscape Units

• There is an option to distinguish between floodplain and upland areas. HRUs 
will be defined per landscape unit. 

• If we create floodplain and upland landscape units then each channel will 
have two, otherwise each channel will have a single landscape unit. 

1. Make sure the Create landscape
tab is selected 

2. Click Create to open the Landscape 
analysis form 

2022-10-20 63SWAT+ Introductory Workshop



Landscape Analysis

• There are three methods of creating floodplains:

• Buffering channels is a simple method of creating a strip on both sides of the channel 
that is a multiple of its width (which QSWAT+ estimates from the area draining into it). 

• DEM inversion involves finding ridges by effectively turning the DEM inside out and 
identifying ridges as if they were streams. The floodplain consists of those points for 
which the ratio of their height to the ridge's height above the stream is smaller than or 
equal to the slope position threshold, which defaults to 0.1. 

• 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. 
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DEM Inversion

• We will generate a floodplain map using DEM inversion with default thresholds. 

1. Make sure the DEM inversion tab is selected.

2. Use the default values for Number of cells, Ridge Threshold, and Slope position 
threshold.

3. Click Create to generate the floodplain map.

4. Click Done to close the Landscape analysis form.

• You can generate several floodplain maps 
with different methods and/or thresholds 
and later select the most appropriate one. 
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Floodplain Display

2022-10-20 66SWAT+ Introductory Workshop



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. 

• Three options:
• Manual selection by clicking in the subbasins that are to be merged.

• Selection of small subbasins by setting a threshold.

• Combination of both.

• Merging is always with the subbasin downstream, so if you want to merge two subbasins, only 
select the upstream one.

• Subbasins cannot be merged if
• there is no subbasin downstream and/or

• the subbasin has an inlet or outlet.
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Selecting Subbasins for Merging

1. Select the Merge subbasins tab and click 
Select subbasins. 

2. On the Select subbasins for merging form 
that appears, check Select small subbasins, 
click Select and then click Save. 

3. Click Save.

• If you do not like the results, you can 
click Create watershed again to restore 
the original subbasins.
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Adding Lakes

• We will add lakes to the example watershed using a lake shapefile.

1. Select the Add lakes tab, click on the button with the three dots, and 
navigate to the lakes folder in the input file directory.

2. Select lakes_lilj.shp and click Open.
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Lake Display
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Completing the Watershed Delineation

1. Click OK to complete watershed delineation.

• For several lakes, we will get a message, that they 
are not located on a channel. We will click Yes to 
agree to removing those lakes.

• Finally, we will be notified that QSWAT+ assumes 
all lakes to be reservoirs.
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Lake Messages

• There are other possible lake messages, which you may encounter when 
setting up a SWAT+ model for a different watershed, for example when a 
channel enters and leaves a reservoir multiple times.  
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Lake Types

• There are 4 different lake types that can be assigned to the polygons in the 
lake shapefile:

• Reservoirs

• Ponds

• Wetlands

• Playas

• Please refer to Chapter 10 in the QSWAT+ Manual for a detailed description 
of the required format of the lake shapefile, how water is routed into and 
out of lakes, and issues that may arise when including lakes.
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Watershed Display
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Use Existing Watershed

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

• Please refer to Chapter 15 of the 
QSWAT+ Manual for a detailed 
instructions on how to prepare the 
required shapefiles.
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Create HRUs

• Our main form shows that Step 1 (Delineate 
Watershed) is done.

• The next step is to add land use and soil 
information and define the HRUs.  

1. Click Create HRUs
to open the Create 
HRUs form. 
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Adding Land Use and Soil Data

1. To select a land use map, navigate to the landuse folder in the input file 
directory. Select landuse_lilj.tif and click Open.

2. To select a soil map, navigate to the soil folder in the input file directory. 
Select soil_lilj.tif and click Open.

• By default, the land use and soil databases will be stored in the project SQLite 
database.
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Land Use and Soil Lookup Tables

• The land use 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.  

• In QSWAT+, we can import pre-defined comma-separated value (csv) files. 

1. In the Landuse table pull-down menu select Use csv file. Navigate to the landuse
folder in the input file directory and select landuse_lookup.csv.

2. In the Soil table pull-down menu select Use csv file. Navigate to the soil folder in 
the input file directory and select soil_lookup.csv.

• We only need to read the csv files once. Next time we run the project, they will be 
available and selected when we start this form. We can change and import them 
again though.
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Usersoil Table

• We also need a table of soil properties, called a usersoil
table.

1. In the Usersoil table pull-down menu select Use csv 
file. Navigate to the soil folder in the input file 
directory and select usersoil_lrew.csv.

• STATSGO and SSURGO are soil databases for the United 
States and can therefore only be used for U.S. 
watersheds.

• The plant and urban tables are included in the 
reference database.
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Slope Bands

• By default, QSWAT+ only defines one slope band for the entire watershed.

• We can define additional slope bands to be included in HRU definition by 
specifying the upper limit of the bands in %. 

1. Type “2” in the white field in the Set slope bands box and click Insert. 

• You will see [0, 2, 9999] in the Slope bands box.  You can 
insert as many intermediate points as you wish by repeating 
the procedure. Click Clear if you are unhappy with the results
and need to start again.
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Reservoir threshold

• Besides adding pond or reservoir points to the inlets/outlets shapefile during watershed 
delineation and adding a lake shapefile during watershed delineation, ponds and 
reservoirs may be added by setting a reservoir threshold during HRU definition. 

• The Reservoir threshold is the percentage of land use 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 land use 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 threshold is 101%, effectively turning this mechanism off. 

• Otherwise, areas of land use WATR will form wetland HRUs.
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Elevation Bands

• At this point, we can also define elevation bands. These are 
bands used for subbasins at high elevation affected by snow and 
ice. 

• Elevation bands are set in QSWAT+ by defining a minimum 
elevation (slope bands are only defined in subbasins whose 
maximum elevation exceeds this), and by defining how many 
bands to use.  

• The Elevation bands form appears when you click the Elevation 
Bands button in the Optional box at the bottom of the Create 
HRUs form.

• We will not define elevation bands for the example watershed.
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Selecting a Floodplain Map

• If we wish to delineate upland areas and floodplains, we can now choose 
which of the floodplain maps we created during watershed delineation we 
would like to use. 

1. In the Select floodplain map (optional) pull-down menu select the 
floodplain map by inversion we made earlier (invflood0_10.tif).
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Creating Potential HRUs

• We are now ready to create the potential HRUs. 

1. Check the box next to Generate FullHRUs shapefile. 

2. Click Read.

• The Read choice is set to Read from maps, which is currently the only choice. In future 
runs of the example, we will be able to Read from previous run, provided we don't 
change the watershed delineation, the soil and land use files, or the slope bands. This 
reads data stored in the project database and is much faster than re-reading the maps.

• When the rasters are all read and the full (or potential) HRUs created, the form reports 
that there are 11 subbasins, 144 channels, and 3398 potential HRUs.    
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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. 

1. Set the threshold in the Short channel merge box to 5% 
of the subbasin. 

2. Click Read again. 

• We see that the channel and HRU counts have changed. 

• You can change the threshold and repeat the merge as many times as you like.
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Potential HRUs

• At this point we can see in the QGIS Layers panel  

• a Full HRUs map showing the HRU boundaries,

• a Full LSUs map showing the LSU boundaries, 

• the landuse and soil maps labelled with landuse codes and soil names, and 

• a slope bands map that is colored according to slope bands. 

• Each cell in the watershed has been categorized according to the LSU it is in 
and its landuse, soil, and slope band. Points that share the same four values 
are grouped into potential HRUs.
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Potential HRUs Display
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Examining Potential HRUs

• We can use the Full HRUs shapefile to 
see our potential HRUs.   

• The cells marked in yellow share 

• subbasin 1, 

• channel 147, 

• landscape Upslope, 

• landuse agrl, 

• soil LREW06, and 

• slope band 0-2. 

• Collectively they have an area of 3.63 
ha and comprise 1.3% of subbasin 1 
and 20.2% of the upslope LSU of 
channel 147.  
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Reports

• If we look at the main QSWAT+ 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. 

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

• 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 and channel.  
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Editing the Potential HRUs

• In the HRUs tab of the Create HRUs form, we 
have some options available to edit the potential 
HRUs to make them more detailed or to simplify 
them: 

• We can apply thresholds to exclude small HRUs that 
are not expected to impact the model output.

• Exempting landuses means marking them as not to be 
removed when we remove small HRUs. For example, 
the FRST (forest) landuse could be exempted. 

• Splitting landuses allows us to divide existing 
landuses, e.g., if we know that 50% of the landuse
AGRL (generic agriculture) in this area is CORN and 
50% is SOYB. 
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Splitting Landuses

1. Click Split landuses. 

2. The Split Landuses form appears. In the Select 
landuse to split pull-down menu, select AGRL.

3. In the Select sub-landuse form, select “CORN 
(corn)” and click OK.

4. Click Add sub-landuse.

5. In the Select sub-landuse form, select “SOYB 
(soybean)” and click OK.

6. Change the percentages in the table to 50 
each.

7. Click Save edits.

8. Click Save splits.
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Exempting Landuses

1. Click Exempt landuses. 

2. The Exempt Landuses form appears. In the Select landuse to split pull-down menu, 
select frst.

3. Click OK.
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HRU Selection

• In the Single/Multiple HRUs box, the user has a choice between defining just one HRU per LSU or 
dividing the LSU into multiple HRUs. 

• The first two choices define just one HRU for each LSU:  
• Dominant HRU will choose the landuse, soil and slope combination of the largest potential HRU in the LSU. 

• 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 it is possible to reduce 
the number of HRUs by eliminating small ones and redistributing their area proportionately 
amongst the larger ones. Small HRUs may be eliminated by

• defining thresholds for landuse, soil, and slope bands (Filter by landuse, soil, slope), 

• using area thresholds (Filter by area), or 

• targeting the number of HRUs to be formed (Target number of HRUs) . 
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Filtering by Area

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

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

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

• 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 A1 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. 
When selecting by ha area, A1 is bigger than B1, but by percent B1 is bigger than A1. With an area threshold of 
10% and a ha threshold of 5, A1 would (just) be retained by both. B1 would be retained by percent but 
eliminated by ha.
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Setting a Target Number of HRUs

• If Target number of HRUs is chosen there is a choice of threshold method, and a choice of target value. 

• Suppose, for example, we set a target of 2000 HRUs, out of the current 2243.  

• If the method chosen is Percent of landscape unit then the HRUs will be sorted in order of their percentages of their 
subbasins, and the smallest 243 will be eliminated. 

• If the method chosen is Area (ha) then the HRUs will be sorted in order of their areas in hectares, and the smallest 243 
will be eliminated. 

• 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

• For the example watershed, we will use Filter by landuse, soil, slope. 

1. Select Filter by landuse, soil, slope and choose Percent of landscape unit as the 
method.

2. Set Landuse (%) to 10 and click Go to exclude any landuse for which the percentage 
area in the LSU is less than 10. 

3. Set Soil (%) to 10 and click Go to exclude any soils for which the percentage area per 
landuse in the LSU is less than 10.

4. Set Slope (%) to 10 to exclude any slope bands for which the percentage area per 
landuse and soil combination in the LSU is less than 10.

• The number at the end of the sliders indicates that this is the lowest percentage for a 
dominant landuse, soil, or slope band across all the LSUs. Trying to set the percentage 
higher than this would mean trying to remove all HRUs from at least one LSU.
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Creating Actual HRUs

1. Click Create HRUs. 

• We see in the main QSWAT+ form, in the Select report to view pull-down menu, that 
there is a new report available: HRUs. 

• This report 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. 

• We can see that we ended up with 1310 HRUs.

• 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 the HRU selection. 
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Actual HRUs

• A new shapefile (Actual HRUs) has been created. 
This is the Full HRUs file with the eliminated HRUs 
removed. 

• It appears that there are holes in the watershed, 
but the retained HRUs were proportionately 
increased in size so that in each LSU their total area 
is the area of the LSU. 
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Edit Inputs and Run SWAT

• Our main form shows that Step 2 (Create HRUs) 
is done.

• The next steps are to edit SWAT+ inputs and run 
the model. 

1. Click Edit Inputs and Run SWAT to open the 
SWAT+ Editor.
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Import QSWAT+ Project

• This is the first time we are 
opening our QSWAT+ project in 
the SWAT+ Editor, so we have to 
import it.

• The editor should already have 
selected the appropriate SQLite 
database file, project name, and 
SWAT+ database file. 

1. Type LilJ Georgia in the field 
for the description of the 
project location.

2. Click Start.
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Project Setup and Information

• Basic information about the 
current project

• Buttons to Get Started and Change 
Name/Description.

• Link to SWAT+ Editor release notes

• Buttons to open a different project 
and to create a new project from 
scratch.

• List of current and recent projects

• SWAT+ Editor navigation buttons.
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Navigation Buttons

• Project setup and information

• Edit SWAT+ inputs

• Run SWAT+

• SWAT+ Check

• Project information (return to Project Information or open project directory)

• Help and documentation
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Help and Documentation

• Information about SWAT+ 
Editor

• Links to 

• SWAT+ documentation,

• Bitbucket site to report an error 
or bug or make a feature 
request,

• SWAT+ website,

• SWAT+ Editor user group, and

• SWAT+ Editor source code 
repository. 
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Start editing SWAT+ Inputs
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1. Click Get started in the 
main window (or the Edit 
SWAT+ inputs icon). 



Edit SWAT+ Inputs

• The menu lists the editor 
sections, which correspond 
loosely to SWAT+ input file 
names.

• First, we need to import 
weather generator and 
observed weather data.

1. Click Add weather 
generators now in the 
main window (or Weather 
Generator in the menu on 
the left). 
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Weather Generator

• You can add weather 
generators manually by 
clicking Create new record
or import weather 
generator data from an 
external database, which is 
what we will do in this 
case. 

1. Click Import Data.
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Import Weather Generator Data

• The SWAT+ Editor should already 
have selected the appropriate 
data format, database file, and 
table name in the database. 

1. Check the box at the bottom to 
indicate that you are using 
observed weather data.

• Checking this box will prevent the 
SWAT+ Editor from creating 
stations based on the weather 
generators as we prefer to create 
them based on the observed 
weather data. 

2. Click Start.
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List of Weather Generators

• The SWAT+ Editor should 
now show a list of weather 
generators that are located 
in or near the catchment.

• Next, we will import 
observed weather data 
and define weather 
stations.

1. Click Weather Stations in 
the menu on the left. 

2022-10-20 108SWAT+ Introductory Workshop



Weather Stations

• If you need weather data 
for your watershed, you 
can click the provided link 
to see options on the 
SWAT website.

1. Click Import Data.
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Import Observed Weather Data

• In this case we will use the 
weather data that is included 
in the example dataset. 

• 1 station

• SWAT2012 format

1. Click Browse to navigate to 
the weather folder in the 
input file directory and 
click Select Folder.

2. Click Start.
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List of Weather Stations

• The SWAT+ Editor should 
now show a list of weather 
stations for the watershed.

• We only had observed data 
for one station, but two 
weather generators were 
selected, so two weather 
stations were defined.

• Next, we will prepare our 
first SWAT+ run.

1. Click the Run SWAT+ icon.
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Simulation Settings and Run SWAT+

• In the Run SWAT+ window, 
we can define our 
simulation settings and 
start the SWAT+ run.

1. Click Set your simulation 
period.
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Simulation - Time

• Starting and ending date 
of the simulation

• You can change the 
simulation time step to 
sub-daily by clicking 
Advanced user options.

1. Change the starting date 
to January 1, 2005.
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Simulation - Print

• Number of years to skip 
when printing output

• Starting and ending date 
for printing daily output

• Print interval

• Print objects 

1. Change the warm-up 
period to 3.
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Simulation - Print Objects

• List of output files 
that can be printed 
for spatial objects 
in SWAT+.

• Each file can be 
printed at a daily, 
monthly, yearly, 
and average annual 
time step.

1. Check the boxes 
as shown in the 
screenshots to 
the right.
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Run the Model

• We are now ready to start the first 
model run.

• You must write the input files every 
time you changed any parameters 
within the SWAT+ Editor.

• We will not use the debug version of 
the code as it is much slower than the 
release version and we do not 
anticipate any problems.

1. Click Save Settings & Run Selected.

• A window is displayed showing the 
progress of the simulation.
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Post-Run Options

• When the model run is completed, 
a window is displayed offering us 
some options:

• Run SWAT+ Check

• Save Scenario

• Open Results Directory

• Back to Editor

• Exit SWAT+ Editor

1. Click Save Scenario and enter 
run01 as the scenario name and 
click Save Scenario.
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Saved Scenarios

• A window is displayed informing us that the scenario has been saved and that additional 
changes made to our project will not affect the saved scenario.

1. Click Open Scenario Directory.

2. In the SWAT+ Editor, click Close
to close the Scenario Saved form.
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Results Folder

• Several files have been 
copied to the results folder:

• SQLite database containing 
SWAT+ output

• Shapefiles that we may need 
to map model output

• Also, folders have been 
created for saving some of 
the animations and plots we 
will create shortly.
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SWAT+ Check

• SWAT+ Check reads model 
output from a SWAT+ project 
and performs many simple 
checks to identify potential 
model problems.

• You can access SWAT+ Check 
at any time by clicking the 
SWAT+ check icon.

• You can navigate to different 
processes/model 
components using the menu 
on the left.
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Closing the SWAT+ Editor

• We are now ready to 
analyze model output. This 
will be done in QSWAT+.

1. Click Exit SWAT+ Editor to 
return to QSWAT+.
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Visualize SWAT+ Output

• Our main form now shows an additional Step 4 
(Visualise). This becomes available when there is an 
output database in the Results folder.

1. Click Visualise to open the Visualise Results form.

• In this workshop, we will only take a quick look at 
the options provided by QSWAT+ for visualizing 
SWAT+ output. Please refer to Chapters 7 and 8 in 
the QSWAT+ Manual for a more detailed description.
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Visualize Results Form

• At this point, we have only the scenario called Default that the SWAT+ 
Editor generated and run01, which is simply a copy of Default. 

• The SWAT+ output tables available are the ones we saved, restricted to 
those that can be visualized.

• The period defaults to the period we ran the model for, excluding the 
warm-up period. 

• There are 4 options available:

• Static data

• Animation

• Plot

• Post Processing

• There is also a Print section, which we will use to compose print layouts.
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Visualizing Static Data

1. Select the lsunit_pw_mon output table.

2. Select the Static data tab. 

• The pull-down menu under Choose variables contains all the outputs in 
the lsunit_pw_mon table. You can select them one at a time using Add, 
but it is easier to select all of them using All. 

3. Click All and then highlight bioms.

• There are several options available under Choose summary (note that 
not all summaries make sense for all outputs):

• Totals: Total value for entire simulation period.

• Daily, monthly, and annual means: Total value divided by number of days, 
months, or years, respectively, in the simulation.

• Maxima and minima: Maximum and minimum values of the variable in the 
simulation.

4. Select Monthly means and click Create.

2022-10-20 124SWAT+ Introductory Workshop



Visualizing Static Data

• A file named lsunit_pw_monresults.shp is created in the Results directory and a map showing the 
monthly means of biomass per Landscape Unit is displayed in QGIS.

• Now you can

• change the file name and/or 
location,

• change the variable to display or 
the summary, 

• examine the data being displayed 
by opening the attribute table of 
the results shapefile, and 

• create and display new data as a 
function of existing data using the 
QGIS Field Calculator.
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Printing

• 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.

• We will make a 3-map display.  

1. Switch to the lsunit_wb_mon output table and create a map of the 
monthly means of et.

2. Switch to the channel_sdmorph_mon output table and create a 
map of the monthly means of flo_out.

3. Under Print, select Portrait and 3 as the Number of maps and click 
Print.

4. Save it as a PDF or image (Layout > Export as Image).
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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 another map, 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. 
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Animation

1. Select the Animation tab.

2. Under Set up animation, select New. 

3. Under Animation mode, select Map canvas. 

4. Select flo_out as the Variable.

• 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. 

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

3. Set the Speed to 5 and click the Play button.
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Additional Animation Options

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

• You can 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, rivs0.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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Recording

1. Rewind the animation by dragging the slider or using the rewind button. 

2. Click the green Start recording button and click the Play button to run the animation again. 

3. 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 recording, 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 deletes the PNG files for the individual time steps in the recording. 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 Results\Animation folder. 
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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. Instead, we can use a print composition.  

1. Change the table to lsunit_wb_mon.

2. Keep the New setting (if you choose Current the next animation will replace the old one).  

3. Select surq_gen as the Variable. 

4. Select Print Composer as the Animation mode. 

5. Under Composer options select Portrait and 2 as the Number of maps. This selects the first 2 maps in the 
Animation group, regardless of visibility. 

6. Move the slider by hand towards the end of the period, e.g., January 2012, to reduce the number of images. 

7. Click Start recording. A form explains that the composer will start and gives instructions how you can modify 
it. 

8. Click OK and the QGIS Layout window appears.
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Print Animation cont’d

1. We are not going to make any changes right now, 
so close the Layout window.

2. The red start/stop button indicates that recording 
is ready to start. Click Play.   

3. The composer is used to generate an image for 
each time step. When it finishes, click the red 
Stop recording button.   

• A message tells you that the recording is stored as 
Videon.gif (n is a number) in the Results folder.

6. Click Play to see the saved animation.    
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Plotting Results

• To visually analyze model output, we can produce a graph of one or more variables against time. We might, for 
example, compare

• the same variables from different LSUs, channels or HRUs, 

• the same variables from different scenarios, or

• simulated variables to observed values.

• We are going to compare simulated output from our main outlet with observed data. 

1. Set the SWAT+ output table to channel_sdmorph_day and select the Plot tab.

2. Under Choose observed data file navigate to the outlet folder in the input file directory, select qobs_lilj.csv and click 
Open.

3. Click Add plot to create a plot entry. 

4. Set the Unit to 1, which is the main outlet channel and the Variable to flow_out.
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Plotting Results cont’d

• We could now copy this plot using Copy plot, add new plots using Add Plot, 
remove plots using Delete plot, and move plots using Move up and Move 
down.

1. 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 
Variable from the headings in the file. In this case there is only one, Flow, so 
it is preselected.

2. Click Plot. 

• We are first asked to provide a name for the output file, which will be a 
comma separated value file. It is created so that you can afterwards use 
other tools to display or analyze your model output. 

2. Choose a suitable name, e.g., flow, and click Save. 
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SWATGraph

• SWATGraph will be opened, showing 

• a line plot of the data,

• the data used, 

• the correlation between all pairs of plots, and 

• the Nash-Sutcliffe-Efficiency for all pairs involving an 
observed plot.

• You can 

• change the line graph to a bar chart using Chart Type, 

• pan and zoom to examine parts of the graph in more detail, 

• provide a title and label the axes, and

• save the plot as an image file for use in documents. 
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Environmental Flows

• In the Post processing tab, QSWAT+ can calculate several environmental flows if daily channel output was printed. 

• 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 q 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. 

• 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 and d is ignored. 

• Qb provides annual and 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.

• 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. 

• Note that the example watershed is much smaller than would normally be used for calculating environmental flows. 
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SWAT+ Input Files

1. Click Close to close the Visualise Results form.

• There are several input files that we have not looked at in the SWAT+ Editor yet. 

2. Click Edit Inputs and Run SWAT in the main QSWAT+ form to open the SWAT+ 
Editor.

• We will now go through the files that can be edited in the SWAT+ Editor to learn 
what they are used for by SWAT+ and how we can edit them.  

• You can always edit individual records, but for many files you can also export your 
existing data to CSV or import a CSV file of new values by clicking the Import/Export 
Data button.
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Navigating the SWAT+ Editor - Tables

• Sort by a column in the table by clicking on the heading 
name. It will toggle ascending or descending direction as 
indicated by the arrows next to the name.

• Tables with many records can be scrolled and then paged 
by clicking the page number or arrow links at the bottom of 
the table.

• Each row may contain an edit/view icon on the far left to 
access the data in the row, and a delete icon on the far right 
(may need to scroll to access the far right of the table).

• In the search box up top, start typing the name of the 
objects you want to find. Matching options will appear in 
the table. Remove the text from the search box to remove 
the filter.

• In the action bar at the bottom, click create new record to 
add an item to the table. The import/export data button 
allows you to quickly access your data in CSV (comma-
separated values spreadsheet) format, in most cases.
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Navigating the SWAT+ Editor - Editing

• Most objects in SWAT+ have a name field and are 
identified using this name. Names should be 
unique and not contain spaces (spaces will be 
automatically converted to underscores).

• Each edit form will have a save changes button at 
the bottom. Be sure to click this button after 
making any changes and before leaving the form.

• Press the back button to return to the previous 
screen. 

• Click copy to make a copy of the current object you 
are viewing. You will be asked to give the copied 
object a unique name. Note: the copy function is 
not available for all object types, including 
connection objects.
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Navigating the SWAT+ Editor – Bulk Editing

• If you want to apply changes to a field for 
multiple objects at once, you can use bulk 
edit mode.

• From the object's edit form page, click the 
arrow on the right side of the Save Changes 
button and then click Make changes to 
multiple records... to enter bulk edit mode.

• First, select the objects to which you want 
to make changes.

• Next, choose which fields you want to edit 
by clicking the check box to the left of the 
field.

• Enter the value you want and click Save Bulk 
Changes.
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SQLite Tables vs. SWAT+ Input Files

• The SWAT+ Editor writes 
changes into the SQLite 
database. 

• Whenever you made 
changes in the Editor, the 
SWAT+ input files need to 
be re-written to reflect 
those changes.

• Whenever you made 
changes in the SWAT+ input 
files, you must be careful 
not to overwrite them 
accidentally when you re-
write the files from the 
Editor.
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Weather Files

• From each connect file, SWAT+ points to a 
weather station file, which then points to 
the weather generator file and the climate 
data files (as well as a wind direction file, 
and an atmospheric deposition file). 

• For each climate variable, the model needs 
one data file per station and one file listing 
the names of all data files.

weather-sta.cli*.con

wst name

hmd

slr

tmp

pcp

wgn

weather-wgn.cli

name

atmo.cli

name

wnd_dir.cli

name

pcp.cli and *.pcp
files

wnd

wnd_dir

atmo_dep

tmp.cli and *.tem
files

slr.cli and *.slr
files

hmd.cli and *.hmd
files

wnd.cli and *.wnd
files
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Basin - Codes 

• The basin codes determine 
which methods to use for 
calculation of PET, surface 
runoff, etc.

• The methods selected here will 
be used for the entire basin.

• The SWAT+ Editor lists the 
values, a short description of 
the variable, the SWAT+ variable 
name, the default value, and a 
recommended range.

• All codes can be changed 
directly in this form.
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Basin - Parameters 

• Basin parameters do not 
vary within the watershed 
and can therefore be set at 
basin level.
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Connections

• Connect files define the interaction 
between different spatial objects 
within a watershed.

• You can 

• add records by clicking Create 
Record,

• edit existing records by clicking 
the edit icon at the beginning 
of each line, and

• delete existing records by 
clicking the red x at the end of 
each line.
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Spatial Objects and Connections 

Pasture HRU

Corn HRU
Forest HRUWheat HRU

Urban HRU

Reservoir

Point Source

Channel

Aquifer100% of 
recharge

Landscape Unit

100% of flow

100% of flow

Channel

100% of flow

100% of flow

100% of flow
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Infinite Loop

Channel

Aquifer

Groundwater 
flow

Recharge

Reservoir

Streamflow
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Connectivity Example 

2022-10-20 148SWAT+ Introductory Workshop



Connect Files

Column name Description

OUT_TOT
Total number of objects receiving runoff from this object. The following four columns are repeated
accordingly.

OBJ_TYP Type of the receiving object (e.g., LSU, channel, reservoir, aquifer).
OBJ_ID ID of the receiving object.
HYDRO_TYP Type of hydrograph to be sent to the receiving object (e.g., surface runoff, lateral flow, recharge).

FRAC
The fraction of the hydrograph to be sent to the receiving object. Fractions of the same
hydrographs can be sent to multiple receiving objects as long as the fractions add up to 1.

• All connect files are structured the same way:

• The first few columns specify the name of the object, its area, latitude, longitude, and weather 
station, and a pointer to the object properties.  

• The following columns define which spatial objects are receiving flow from this spatial object, 
what kind of flow, and how much.
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Editing Connect Files

• Name, Latitude, Longitude, 
Area, and Elevation can be 
edited directly in the form. 

• Object Properties, Weather 
Station, and Outflow can 
be edited in separate forms 
that open when clicking the 
respective edit icon. 

• Also, new outflows can be 
added by clicking the Add 
outflow button.

• Any unsaved changes will 
be lost when you click any 
edit icon or Back.
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Channel Properties

• For the channel properties, 
SWAT+ points from the channel 
connect file to a main channel file, 
which then points to files defining 
initial conditions, hydrology and 
sediment, and nutrients. 

• The channel initialization file 
points to five files containing the 
initial concentrations of nutrients, 
pesticides, pathogens, heavy 
metals and salts in the water.  
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Channel Connections and Properties
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Channel Connections

• Channels usually only have one outflow to the downstream channel or 
reservoir. 
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Channel Initialization
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Channel Hydrology and Sediment
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Channel Nutrients
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HRU Properties

• For the HRU properties, SWAT+ points 
from the HRU connect file to a main HRU 
properties file, which then points to files 
defining topography, hydrology, soils, 
land use, soil nutrients, surface storage, 
snow and fields. 
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HRU Connections

• While HRUs can be directly connected to other spatial objects, they are typically summed 
at Routing Unit level. Therefore, they have a connect file, but no outflow.
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HRU Initialization

• For the HRU initialization, SWAT+ points 
from the HRU data file to a soil and plant 
initialization file, which then points to 
files defining the initial values of organic 
material and pesticides (as well as 
pathogens, heavy metals, and salt). 

soil_plant.ini

hru-data.hru

soil_plant_ini

name

salt

hmet

path

pest

nutrients

nutrients.sol

name

salt_hru.ini

name

hmet_hru.ini

name

path_hru.ini

name

pest_hru.ini

name
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Soil and Plant Initialization

• From the soil and 
plant initialization, 
SWAT+ points to 
the soil nutrient 
file and to files 
specifying the 
initial amounts 
pesticides (as well 
as pathogens, 
heavy metals, and 
salts) on the plants 
and in the soil.
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Initialization of Constituents

• You need to tell the SWAT+ Editor that you want to include constituents before 
you can specify the initial values in the HRUs and in the water bodies.
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Routing Unit Properties

• Routing units do not have very many 
properties as they mostly serve the 
purpose of summing up HRUs.

• The rout_unit.rtu file points to 3 files:

• RTU Define

• Topography

• Field
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Routing Unit Connections and Properties
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Routing Unit Connections

• Upland RTUs have 4 default outflows:

• a fraction of surface runoff to its channel,

• the remaining surface runoff to its 
floodplain,

• Lateral flow to its floodplain, and 

• recharge to an aquifer.

• Floodplain RTUs have 2 default outflows:
• total flow (surface runoff + lateral flow (+ tile 

flow)) to its channel and 

• recharge to an aquifer. 
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Routing Unit Define and Elements

• SWAT+ needs two files to 
define which elements are 
part of which Routing Unit.

• In the SWAT+ Editor, there 
is only one table for these 
two files.
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Landscape Unit Define and Elements

• SWAT+ needs two files to define which HRUs belong to which Landscape 
Unit.
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Routing Unit vs Landscape Unit

• A landscape unit (LSU) is defined as a collection of HRUs and can be defined 
as a subbasin, or it could be a flood plain or upland unit, or it could be a grid 
cell with multiple HRUs. The landscape unit is not routed, it only used for 
output. 

• The routing unit is the spatial unit SWAT+ that allows us to lump outputs and 
route the outputs to any other spatial object. In default setups, routing units 
will be the same as landscape units, but unlike landscape units, routing units 
can contain spatial objects other than HRUs.
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Aquifer Properties

• The aquifer connect file points 
to the main aquifer file, which 
contains the parameters 
describing the aquifer 
properties and a pointer to 
the aquifer initialization file.  

• The aquifer initialization file 
points to five files containing 
the initial concentrations of 
nutrients, pesticides, 
pathogens, heavy metals and 
salts in the water.  
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Aquifer Connections and Properties
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Aquifer Connections

• Upland Aquifers have 2 default outflows:

• total flow to the floodplain aquifer and

• recharge to the deep aquifer.

• Floodplain Aquifers also have 2 default 
outflows:

• total flow to the channel, and 

• recharge to the deep aquifer. 
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Aquifer Initial
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GWflow Module

• Developed by Ryan Bailey at Colorado 
State University 

• Based on MODFLOW

• https://swat.tamu.edu/software/plus/

Hydrology 2020, 7, 75; doi:10.3390/hydrology7040075
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Reservoir Properties

• For the reservoir properties, SWAT+ points 
from the reservoir connect file to a main 
reservoir file, which then points to files 
defining initial conditions, hydrology, release, 
sediment, and nutrients. 

• The reservoir initialization file points to five 
files containing the initial concentrations of 
nutrients, pesticides, pathogens, heavy metals 
and salts in the water.  

reservoir.res

reservoir.con

res

name

nut

sed

rel

hyd

init

nutrient.res

name

sediment.res

name

res_rel_dtl

name

hydrology.res

name

ini�al.res

name

salt

hmet

path

pest

org-min

om_water.ini

name

salt_water.ini

name

hmet_water.ini

name

path_water.ini

name

pest_water.ini

name
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Reservoir Connections and Properties
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Reservoir Connections

• Reservoirs usually only have one outflow to the downstream channel or 
reservoir. 
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Reservoir Initial
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Reservoir Hydrology
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Reservoir Sediment
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Reservoir Nutrients
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Wetland Properties

• For the wetland properties, SWAT+ points 
from the HRU data file to a main wetland file, 
which then points to files defining initial 
conditions, hydrology, release, sediment, and 
nutrients. 

• There is a wetland hydrology file, but for the 
initial conditions, release, sediment, and 
nutrients, SWAT+ uses the reservoir files.

• The wetland initialization file points to five 
files containing the initial concentrations of 
nutrients, pesticides, pathogens, heavy 
metals and salts in the water.  

reservoir.res

reservoir.con

res

name

nut

sed

rel

hyd

init

nutrient.res

name

sediment.res

name

res_rel_dtl

name

hydrology.res

name

ini�al.res

name

salt

hmet

path

pest

org-min

om_water.ini

name

salt_water.ini

name

hmet_water.ini

name

path_water.ini

name

pest_water.ini

name
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Wetland Properties
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Wetland Hydrology
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Point source / Inlet

• By default, one point 
source has been added 
to each channel. 

• Point source or inlet data 
can be added at daily, 
monthly, or yearly time 
steps using recall files. 

• Constant values can be 
added using the export 
coefficient file.
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Regions

• Regions are used to 
summarize SWAT+ output.

• Currently, Landscape Units 
are the only regions that are 
defined in SWAT+. They are 
composed of HRUs. For each 
Landscape Unit, the HRUs 
located in it and their area 
fractions are listed. 
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Land Use and Management

• For land use and management 
there is a main land use file, 
which points to several other 
files:

• Plant communities

• Management schedules

• Urban database

• Curve Number table

• Conservation practice table

• Overland Manning’s n table

• Structural operation files
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Land Use
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• Main landuse file with pointers to several other input files.



Plant Communities

• For our example watershed, each community has only 1 plant. 

• You can edit the parameters of existing plants and add plants to a community in the form 
that opens when clicking the edit icon.
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Management Schedules

• For our example watershed, we are using very simple management schedules, which are 
defined by a Decision Table.

• However, it is also possible to define management operations based on dates or heat 
units by clicking the Add an operation button in the Advanced tab.

2022-10-20 188SWAT+ Introductory Workshop



Operation Databases

• Pre-defined para-
meter sets for: 

• Harvest

• Grazing

• Irrigation

• Chemical 
Applications

• Fire

• Street sweeping
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Curve Numbers

• Pre-defined CN 
values for a range of 
land use types.  
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Conservation Practices

• Pre-defined values 
of USLE_P and slope 
length for several 
agricultural conser-
vation practices.
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Manning’s n

• Pre-defined values 
of Manning’s n for 
overland flow. 
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Structural Databases

• Pre-defined para-
meter sets for: 

• Tile drains

• Septic systems

• Filter strips

• Grassed 
waterways

• User BMPs
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Decision Tables

• Decision tables are a precise, compact way to model complex rule sets and their 
corresponding actions to represent real world decision making.

• Current uses in SWAT+
• Land management

• Reservoir release 

• Land use change

• Flow conditions

• SWAT+ comes with a large number of pre-defined decision tables. The user can 
use those, modify them, or add new ones. 
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Landuse and Management DTs
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Reservoir Release DTs
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Landuse Scenario DTs
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Flow Condition DTs
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Decision Table Quadrants

• Decision Tables are divided 
into four quadrants:

• Conditions

• Alternatives

• Outcomes

• Actions

Conditions Alternatives

OutcomesActions
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Decision Table Example

name conds alts acts

pl_hv_corn 6 4 3

var obj obj_num lim_var lim_op lim_const alt1 alt2 alt3 alt4

soil_water hru 0 fc * 1.05 < < - -

phu_base0 hru 0 null - 0.15 > - - -

phu_plant hru 0 phu_mat - 1.15 - > - -

year_rot hru 0 null - 1 = = = -

jday hru 0 null - 350 - - = -

year_rot hru 0 null - 1 - - - >

act_typ obj obj_num name option const const2 fp outcome

plant hru 0 plant_corn corn 0 1 null y n n n

harvest_kill hru 0 grain_harv corn 0 1 grain n y y n

rot_reset hru 0 reset_1 null 1 0 null n n n y

2022-10-20 200SWAT+ Introductory Workshop



Editing Decision Tables

• For each Decision Table, the SWAT+ Editor provides a description and a tab 
for editing its plain text version. 
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Editing Decision Tables cont’d

• For editing Land Use and Management DTs, it is recommended to use the 
Management Schedule Builder. 
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Hydrology

• Parameters describing the 
hydrologic properties of the 
HRUs.

• Each HRU has its own 
record in the hydrology file 
to allow users to calibrate 
the hydrology of individual 
HRUs, but the default values 
are the same for all HRUs.   
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Topography

• Parameters describing the 
topographic properties of 
HRUs and RTUs.

• Each HRU and RTU has its 
own record in the 
topography file as the 
slope is calculated based 
on the DEM and varies by 
HRU/RTU.   

• The records for HRUs are 
listed first, followed by the 
records for RTUs.
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Fields

• Parameters defining the 
dimensions and angle of a 
field.

• Fields are currently only 
used for routing sediment 
across floodplains. 
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Soil Physical Properties

• Parameters describing the 
physical properties of the 
soils in the watershed. 
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Soil Nutrients

• Parameters describing the 
initial nutrient contents in 
the soils. 

• The Soils column in the main 
HRU file points to the Name
column in the soil and plant 
initialization file, which then 
points to the Name column 
in this file.
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Databases

• SWAT+ includes the following 
databases:

• Plants

• Fertilizer

• Tillage

• Pesticides

• Urban

• Septic

• Snow
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Plant Database

• Parameters controlling plant 
growth under ideal conditions 
and quantifying the impact of 
some stresses in SWAT+.

• Includes a number of generic 
land cover types to facilitate 
linkage between the land use 
map and SWAT+ plants/crops.

• The list is by no means 
exhaustive and users may need 
to add plants to the database.
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Fertilizer Database

• Parameters that describe the 
nutrient contents in various 
fertilizers and manure.
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Tillage Database

• Parameters describing the 
redistribution of nutrients due 
to tillage operations.

• The list was summarized from 
a farm machinery database 
maintained by the USDA 
Economic Research Service.
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Pesticide Database

• Parameters that describe 
the properties of various 
pesticides.
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Urban Database

• Parameters that control 
the hydrologic behavior 
of urban areas.
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Septic Database

• Parameters for different 
septic systems.
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Snow Database

• Parameters controlling snow 
fall, snow accumulation, and 
snow melt.

• There is currently only 1 
record in the database. 

• In watersheds with large 
variations in topography it 
can be useful to use more 
than one snow record (e.g., 
for mountainous headwater 
areas vs flat downstream 
areas).
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Calibration

• Hard Data
• Long term, measured time series, typically at a point in the watershed (e.g. the outlet).

• Typically used for visual comparison of hydrographs and model evaluation statistics.

• Problem:
• A model can show excellent statistical agreement with measured stream gauge data, while 

misrepresenting processes (water balance, nutrient balance, sediment source/sinks) within a 
field or watershed.

• This will cause errors when running management and climate scenarios.

• Soft Data
• Information on individual processes within a budget. May not be directly measured within a 

study area. May be an average annual estimate and entail considerable uncertainty.
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Hard Calibration in SWAT+

• Instead of changing the parameter values in the input files, SWAT+ uses a 
calibration file that overrides the original values.

• Change types: 
• replace value (absval) 

• absolute addition to or subtraction from of value (abschg) 

• percent addition to or subtraction from value (pctchg) 

• Can be conditioned on land use, soil, etc.

• Calibration parameters can be added by selecting Hard Calibration and clicking 
the Create Record button.
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Adding a Calibration Record
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Calibration Parameters

• List of parameters you can 
use for calibration, their 
object type, minimum and 
maximum value, and units.
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Soft Calibration in SWAT+

• Simple heuristic procedure for soft calibration of water balance in SWAT+ 

• One or two variables for each process  

• Calibrates within 15 simulations 

• Procedures for soft calibration of sediment and nutrient budgets are 
currently being added.
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Including a Soft Calibration

• First, you need to tell the SWAT+ Editor to include a soft calibration and specify 
what you would like to calibrate.
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Defining the Soft Calibration Goals

• Here, you specify the average annual percentages of different water balance 
components that you want SWAT+ to simulate as closely as possible.

2022-10-20 222SWAT+ Introductory Workshop



Defining the Soft Calibration Parameters

• Here, the parameters to be used for the soft calibration and the ranges should be 
defined.
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Hints for Calibration of SWAT+ Models

• Plant growth/crop yields

• Average annual/seasonal/monthly water 
balance

• Hydrology first, then sediment and finally 
nutrients

• Hydrograph:

• Timing and magnitude of storm events

• Recession

• Baseflow

• Flow Duration Curves
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• Sediment and nutrients:

• Loadings from HRUs/Subbasins 

• Channel degradation/deposition

• Model Evaluation Statistics:

• Nash-Sutcliffe Efficiency

• Kling-Gupta Efficiency

• Coefficient of Determination (R2)

• Percent bias (PBIAS)

• Root Mean Square Error (RMSE)



Common Calibration Problems

• Too little data - monitoring period too short

• Small range of conditions

• Prediction of future conditions which are outside the model conditions

• Calibration/validation does not adequately test separate pieces of model

• Calibration adjustments destroy physical representation of system by model

• Adjustment of the wrong parameters 
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Uncertainties

• Be aware of the uncertainties associated with the model output (and be 
honest about this in publications and project reports).

• If you have the chance, go to the watershed and do some field work.

2022-10-20 226SWAT+ Introductory Workshop



Sources of Uncertainty I

• Spatial resolution of climate data

• Implementation of elevation bands in order 
to account for increase in precipitation with 
elevation

• But spatial rainfall variability still not captured 
by climate stations
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Sources of Uncertainty II

Missing information on growth 
of natural vegetation and/or 
agricultural management
(crop rotations, tillage, time of 
planting, time of harvest, 
fertilization, irrigation) 
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Sources of Uncertainty III

• Are the parameters in the SWAT databases adequate 
for my study area?

• Plant/crop

• Fertilizer

• Pesticide

• Urban 

• Tillage

• What is the quality of the parameter sets I added, 
e.g., soil properties? 

2022-10-20 229SWAT+ Introductory Workshop



Sources of Uncertainty IV

Spatial resolution of landuse map
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Resolution: 30 m x 30 m



Sources of Uncertainty V

Quality of landuse classification
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Supervised classification 
from Landsat-TM image



Sources of Uncertainty VI

Condition of terraces
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Figure: Schönbrodt-Stitt et al. 2012



Sources of Uncertainty VII

Missing information on reservoir volumes and release
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Sources of Uncertainty VIII

Hydropower
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Sources of Uncertainty IX

Landslides
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Sources of Uncertainty X

Sediment dredging
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Sources of Uncertainty XI

• Transferability of model algorithms

• Some of the SWAT algorithms are empirical, e.g., the MUSLE (Modified Universal 
Soil Loss Equation), which was developed for 18 watersheds in the southern 
United States
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Sources of Uncertainty XII

• Uncertainty in observed data

• Sampling technique

• Sampling location

• Quality of laboratory analyses
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Calibration Tools

• SWAT+ Toolbox: SWAT+ Toolbox is designed to work with the SWAT+ model. You can use 
it for sensitivity analysis, model calibration, evaluation, and validation. The software is 
currently only available on Windows.

• SWATPlusR: The SWATplusR package integrates SWAT+ and SWAT2012 models in 
modeling workflows in R. Taking advantage of the powerful R environment SWATplusR
provides a large toolset for parameter sensitivity analysis, model calibration and the 
analysis of SWAT model results.

• SWATplus-CUP: SWATplus-CUP is a Calibration and Uncertainty Program for SWAT+. The 
purchase of a license is required.

• https://swat.tamu.edu/software/plus/
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Preparing Your Own Input Data

• All spatial input data should have the same projection. 

• Generally, it is a good idea to create copies of the Lil-J input files where possible (e.g., 
for the lookup tables, the usersoil table, and observed flow that you will use for 
visualization) and adapting the file contents to your catchment. That way, they will be in 
the correct format and have the correct headers.  
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Digital Elevation Model

• Chapter 14 in the QSWAT+ Manual provides detailed instructions for:

• Obtaining SRTM DEM data

• Clipping and merging DEM rasters

• Reprojecting the DEM

• Masking a DEM
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Landuse Map

• Where/how can I get a land use map for my study area?

• Agencies

• Mapping in the field

• Land use classification from satellite imagery

• Does the land use map represent land use to an adequate level of detail? 
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Landuse Lookup Table

• Maps LANDUSE_ID values (values found in the land use map 
you will use) to SWAT_CODE  values (SWAT+ land use codes 
found in the plant or urban database).

• Should have the word “landuse” in its name.

• All landuse types/plants used in your lookup table must be 
found in either the plant or the urban database.
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Plant Database

• Contains the plant parameters for a large number of landuse types/plants. 

• If a landuse type/crop occurs in your watershed (and thus in your landuse
lookup table) that is not included in the SWAT+ plant database, you need to 
add it before creating your HRUs.

• Where can I find information about the plant properties required by SWAT?
• Literature

• Own measurements

• Use properties of a similar crop

• Contact SWAT+ developers for support
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Soil Map

• Where/how can I get a soil map for my study area?

• Agencies

• Mapping in the field

• Harmonized World Soil Database 

• FAO Digital Soil Map of the World

2022-10-20 245SWAT+ Introductory Workshop



Soil Lookup Table

• maps SOIL_ID values (values found in the soil map 
you will use) to SNAM values (soil names found in 
the usersoil database). 

• should have the word “soil” in its name. 

• All soils used in your lookup table must be found in 
the usersoil database.
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Usersoil Table

• Contains the catchment-specific soil properties. 

• Should have the word “usersoil” in its name. 

• Where can I find information about the soil properties required by SWAT+?

• Literature

• Own measurements

• Pedotransfer functions
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Climate Data

• For each climate variable, a location file should be created. The 
header should have the columns ID (station ID), NAME, LAT 
(latitude), LONG (longitude) and ELEVATION.

• The actual climate data should have the same file name as the 
station NAME in the location file. There should be one file per 
station. The first line should be the date of the first observation in 
the format yyyymmdd followed by the daily climatic data values.

• The units for precipitation, temperature, solar radiation, wind 
speed and relative humidity should be mm, degree centigrade, 
MJ/m², m/s, and decimal fraction, respectively.

• For temperature, the maximum and minimum temperature need 
to be listed separated by a comma.

• Missing values will be replaced by -99.

• All climate files should be saved in the same folder.
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Weather Generators

• If you wish, you can prepare your own weather generator data. 

• For this, you need a few years of data for at least 1 station in/near your 
study area.

• There is a tool available for download from the SWAT website that helps you 
calculate the weather generator data (https://swat.tamu.edu/software/ ).
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Observed Data

• Observed data is essentially a comma separated value file with 

• headings on the first line, separated by commas, 

• as many data values as there are headings on each succeeding line, separated by commas, and 

• ideally 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. It is assumed (and not checked) that the dates correspond to the 
dates in the SWAT+ output. 

• Leave blanks 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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SWAT Literature Database

• https://www.card.iastate.edu/swat_articles/
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Stay in Touch!

Questions? Comments? Suggestions? Complaints?

Need help with your SWAT+ model?

katrin.bieger@ecos.au.dk

You can also find me on ResearchGate and LinkedIn (I’m doing a terrible job 
at keeping my profiles up to date though).
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