The Automated Geospatial Watershed Assessment Tool
Evaluating Brush Management Treatments with RHEM
Introduction:
Goal:
Assignment:

In this exercise you will evaluate the impacts of a brush treatment in a semi-arid
watershed
To familiarize yourself with RHEM and its additional input requirements
Run the RHEM model in AGWA on both a pre- and post-brush treatment scenario on
a small watershed on the Empire Ranch in southeastern Arizona.

Background
Conservation practices have been implemented widely across Western watersheds, but the impacts of
these practices can be difficult to evaluate because data needed to do so are not widely available. The
Rangeland Hydrology and Erosion Model (RHEM; https://apps.tucson.ars.ag.gov/rhem/) is designed to
help assess the impacts of these practices by predicting runoff and erosion rates using commonly known
and/or measured rangeland characteristics. One physical parameter that can help evaluate impacts of
brush treatment, for example, is canopy cover, which can be obtained from the Rangeland Brush
Estimation Toolbox (RaBET;
https://www.tucson.ars.ag.gov/rise/2017/Presentations/HolifieldCollinsTalk.pdf), a tool under
development in collaboration with USDA ARS and USDA NRCS CEAP-GL (Conservation Effects
Assessment Project on Grazing Lands. RaBET produces maps of woody canopy cover derived from
readily available Landsat imagery. From Goodrich et al. (2020), RaBET uses the following workflow to
derive woody canopy cover images:
1. Landsat surface reflectance images are screened for cloud cover;
2. multiple vegetation indices are calculated for each image;
3. four-year composites (i.e., the evaluation year and three preceding years) of minimum pixel
values of the indices are produced to dampen the effects of high precipitation years; and
4. MLRA-specific algorithms developed between National Agriculture Imagery Program (NAIP)
derived percentage woody cover (Collins et al. 2015) and Landsat-based vegetation indices were
applied to the composite imagery to produce maps of percentage woody cover.
For additional information on how the data (including RaBET-based woody canopy cover maps) that are
available can be used to evaluate conservation practices at a large scale, see the case study from which
this exercise was developed (Goodrich et al., 2020).

www.tucson.ars.ag.gov/agwa
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The Study Area

The 61.7 ha watershed in this exercise is located on the Empire Ranch in the Cienega Creek Watershed
(CCW), located in southeastern Arizona within Major Land Resource Area 41 (MLRA 41). Vegetation
communities in the CCW include plains, great basin and semidesert grasslands, Chihuahuan desert
scrub, Madrean evergreen woodlands, and a small portion of Rocky Mountain and montane conifer
forest. Management of the Empire Ranch has the goal of keeping exposed soil at less than 30% and
maintaining greater than 10% basal cover of desired perennial grasses (Gori and Schussman 2005).
“The Empire Ranch is a high profile multiple-use area that includes BLM, Pima County, State
Trust, and private lands. It is managed cooperatively with significant citizen input, is actively
used for cattle ranching, and has had yearly vegetation monitoring conducted since 2004.”
Goodrich et al., 2020

Getting Started
Start ArcMap with a new empty map. Create the folder
C:\AGWA\workspace\tutorial_EmpireRanchSmall\ and save the empty map document as
tutorial_EmpireRanchSmall inside it. If the AGWA Toolbar is not visible, turn it on by selecting
www.tucson.ars.ag.gov/agwa
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Customize > Toolbars > AGWA Toolbar on the ArcMap Main Menu bar. Once the map document is
opened and saved, set the Home, Temp, and Default Workspace folders by selecting AGWA Tools >
Other Options > AGWA Preferences on the AGWA Toolbar.

•
•
•

Home: C:\AGWA\
Temp: C:\AGWA\temp\
Default Workspace: C:\AGWA\workspace\tutorial_EmpireRanchSmall\
The default workspace location may need to be created by clicking on the Make New Folder
button in the window that opens if you did not create it when saving the map document.

The Home folder contains all of the look-up tables, datafiles, models, and documentation required
for AGWA to run. If this is set improperly or you are missing any files, you will be presented with a
warning that lists the missing folders or files that AGWA requires.
The Temp folder is where some temporary files created during various steps in AGWA will be placed.
You may want to routinely delete files and folders in the Temp folder if you need to free up space or
are interested in identifying the temporary files associated with your next AGWA use.
The Default Workspace folder is where delineation geodatabases will be stored by default. This can
be a helpful timesaver during the navigation process if you have a deeply nested folder structure
where you store AGWA outputs.

GIS Data
Before adding data to the map, connections to drives and folders where your data are stored must be
established if they have not been already. To establish folder connections if they don’t already exist,
click on the Add Data button
below the menu bar at the top of the screen. In the Add Data form
that opens, click the Connect To Folder button and select OS (C:).

www.tucson.ars.ag.gov/agwa
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Once the folder connection is established, add the following datasets and layers:
•
•
•
•
•
•
•
•
•
•
•
•
•

C:\AGWA\gisdata\tutorial_EmpireRanchSmall\dem_filled.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\fa.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\fd.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\fl_up.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\hillshade.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\MechanicalTreatments.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\NLCD2011_UTM12.img
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\NRIavg2004to2014_RaBET1989to1993.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\NRIavg2004to2014_RaBET2003to2006.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\NRIavg2004to2014_RaBET2007to2011.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\NRIavg2004to2014_RaBET2013to2016.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\outlet.shp
C:\AGWA\gisdata\tutorial_EmpireRanchSmall\AZ669\spatial\soilmu_a_az669.shp

You will also need to add some other data to the project. To do this, again click on the Add Data button.
Navigate to the C:\AGWA\datafiles\ folder and add the following files:
•

..\lc_luts\mrlc2001_lut.dbf – MRLC look-up table for NLCD land cover (years 2001, 2004, 2006,
2008, 2011, 2013, and 2016)

Take a look at the data you have available to familiarize yourself with the area. Layers can be reordered,
turned on/off, and their legends collapsed to suit your preferences and clean up the display. If the layers
cannot be reordered by clicking and dragging, the List By Drawing Order
button may need to be selected at the top of the Table Of Contents.
Zoom back into the treatment areas by right-clicking on the
MechanicalTreatments shapefile in the list of layers and selecting Zoom To Layer.
Save the map document and continue.

www.tucson.ars.ag.gov/agwa
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Part 1: Modeling Runoff and Erosion Using Pre-Brush Treatment
Vegetation Cover
Step 1: Delineating the watershed
Delineation creates a feature class that represents the entire area draining to a user-specified outlet. To
delineate a watershed, AGWA first utilizes the Fill, Flow Direction, and Flow Accumulation tools from
ArcToolbox.
1. Perform the watershed delineation by selecting AGWA Tools > Delineation Options > Delineate
Watershed.
1.1. Output Location box:
1.1.1. Workspace textbox: navigate to and select/create
C:\AGWA\workspace\tutorial_EmpireRanchSmall
1.1.2. Geodatabase textbox: bear (this name was chosen because it reflects the name of the
treatment polygon in which the point resides)
1.2. Input Rasters box:
1.2.1. DEM tab: dem_filled.img (do not click Fill)
1.2.2. FD tab: fd.img (do not click Create).
1.2.3. FA tab: fa.img. (Do not click Create)
1.3. Outlet Identification box:
1.3.1. Point Theme tab:
1.3.2. Outlets theme: outlet
1.3.3. Click the Select Features button
and click and drag to draw a rectangle around the
outlet point (the VAR point furthest to the right).

1.4. Click Delineate.
1.5. Your watershed should look similar to the image below depending on your zoom level and the
layers that are checked. Save the map document and continue.

www.tucson.ars.ag.gov/agwa
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Step 2: Discretizing or subdividing the watershed
Discretizing breaks up the delineated watershed into model-specific elements and creates a stream
feature class that drains the elements.
2. Perform the watershed discretization by selecting AGWA Tools > Discretization Options > Discretize
Watershed.
DESCRIPTION In the Discretizer form, several parameters are defined including the model to use,
the complexity of the discretization, the name of the discretization, and whether additional pour
points will be used to further control the subdivision of the watershed.
2.1. Delineation: select bear\bear
2.2. Model: select RHEM
2.3. Stream Definition Methodology: select Threshold-based

www.tucson.ars.ag.gov/agwa
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2.3.1. Threshold-based: select Flow length (meters)
2.3.2. Threshold: enter 500
2.4. Internal Pour Points Methodology: select Default
2.5. Discretization Name: enter bear_sdm1_fl500
2.6. Click Discretize.
2.7. Zoom to the newly created
rhem_bear_sdm1_fl500 layer.
2.8. Your map should look similar to the image at the
top of the following page depending on your
zoom level and the layers that are checked. Save
the map document and continue.
This discretization process created a RHEM hillslopes layer
with the name rhem_bear_sdm1_fl500 and a streams layer
named streams_bear_sdm1_fl500. In AGWA,
discretizations are referred to with their geodatabase name
as a prefix followed by the discretization name given in the Discretizer form, e.g.,
bear\bear_sdm1_fl500.
Discretizing breaks up the delineation/watershed into model specific elements and creates a stream
feature class that drains the elements. The threshold value entered for the Flow length (meters)
option is the theshold or maximum allowable hillslope flow length before the flow path is
characterized as a channel. Smaller flow length thresholds result in a more complex watershed with
more hillslope and stream elements, and larger thresholds result in a less complex watershed with
fewer hillslope and stream elements. The default flow length in AGWA is set to 1000 meters because
this is the lower end of the range that commonly available 10m DEMs can discretize to without
problems. With higher resolution DEMs with 1m resolution, it is possible to lower this threshold to as
low as 50m (higher in flat terrain) and have successful discretizations, though at a time and
computational cost.

www.tucson.ars.ag.gov/agwa
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Step 3: Parameterizing the watershed elements for RHEM
Parameterizing defines model input parameters based on topographic, land cover, and soil properties.
Model input parameters represent the physical properties of the watershed and are used to write the
model input files.
3. Perform the element, land cover, and soils parameterization of the watershed by selecting AGWA
Tools > Parameterization Options > Parameterize.
3.1. Input box:
3.1.1. Discretization: bear\bear_sdm1_fl500
3.1.2. Parameterization Name:
pretreatment_2006
3.2. Elements box:
3.2.1. Parameterization: Create new
parameterization
3.2.2. Click Select Options. The Element
Parameterizer form opens.
3.3. In the Element Parameterizer form:
3.3.1. Slope Options: Complex
3.3.2. Flow Length Options: Geometric
Abstraction
3.3.3. Hydraulic Geometry Options box:

www.tucson.ars.ag.gov/agwa

8

3.3.3.1. Select the Walnut Gulch Watershed, AZ
item. Do not click the Edit button.
3.3.4. Channel Type box:
3.3.4.1. Select the Natural item.
3.4. Click Continue. You will be returned to the
Parameterizer form to create the Land Cover and
Soils parameterization.

DESCRIPTION Hydraulic geometry relationships define bankfull channel width and depth based on
watershed size. Bankfull relationships are useful in that they define channel topography with
minimal input and effort by the user; however, there are some drawbacks. The relationships are
designed to be applied to very specific physiographic regions and outside of these regions the
performance of the relationships in accurately depicting the channel geometries severely declines. In
a BAER rapid assessment situation, it may be best to take field measurements to double-check the
accuracy of the predefined hydraulic geometries.
DESCRIPTION There are three channel types available: Default, Natural, and Developed. The Default
channel type is equivalent to the Natural channel type. The Natural channel type reflects a sandy
channel bottom with high infiltration and a winding but clean channel with roughness set to 0.035
Manning’s n. The Developed channel type reflects a concrete channel with zero infiltrability, very low
roughness set to 0.010 Manning’s n, and fraction of channel armored against erosion equal to 1.
3.5. In the Land Cover and Soils box of the Parameterizer
form
3.5.1. Parameterization: Create new parameterization
3.5.2. Click Select Options. The Land Cover and Soils form
opens.
3.6. In the Land Cover and Soils form:
www.tucson.ars.ag.gov/agwa
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3.6.1. Land Cover tab:
3.6.1.1. Land cover raster: NLCD2011_UTM12.img
3.6.1.2. Look-up table: mrlc2001_lut
NOTE If the mrlc2001_lut table is not present in the combobox, you may have
forgotten to add the table to the map earlier. If this is the case, click on the Add
Data button and browse to the
C:\AGWA\datafiles\lc_luts\ folder and select
mrlc2001_lut, then select the mrlc2001_lut
table from the combobox.
3.6.2. Soils tab:
3.6.2.1. Soils layer: soilmu_a_az669
3.6.2.2. Soils database: navigate to and select
C:\AGWA\gisdata\tutorial_EmpireRanchSmall
\AZ669\soildb_US_2003.mdb
3.7. Click Continue. You will be returned to the
Parameterizer form to create the Vegetation
parameterization, which is exclusive to RHEM.
3.8. In the Vegetation box of the Parameterizer form
3.8.1. Parameterization: Create new parameterization
3.8.2. Click Select Options. The Vegetation form opens.
3.9. In the Vegetation form:
3.9.1. Vegetation Community: NRIavg2004to2014_RaBET2003to2006
DESCRIPTION RHEM uses plant community, ground cover, and canopy cover measurements to
calculate runoff and erosion parameters for the model. The plant communities are grouped as shrub,
sod grass, bunch grass, or forbs. In AGWA, the vegetation community input must have the following
fields to be recognized as valid input: VegID1Cov, VegID2Cov, VegID3Cov, VegID4Cov, BasalCov,
LitterCov, RockCov, and BioSiolCov. VegID1Cov is the canopy cover for the shrub vegetation
community, VegID2Cov is the canopy cover for the sod grass vegetation community, VegID3Cov is the
canopy cover for the bunch grass vegetation community, and VegID4Cov is the canopy cover for the
forbs vegetation community.
The vegetation inputs in this exercise were developed from multiple data sources including
ecological sites, RaBET shrub canopy estimates, NRI extrapolation. For a comprehensive discussion of
these inputs and the development of the parameters, see the case study this exercise was developed
from: Goodrich et al. 2020 (full citation at the end).
3.10. Click Continue. You will be returned to the Parameterizer form where the Process button will
now be enabled.
3.11. In the Parameterizer form, click Process.

www.tucson.ars.ag.gov/agwa
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In the last step, parameterization look-up tables for the overland flow elements and stream elements
have been created to store the model input parameters representing the physical properties of the
watershed.

www.tucson.ars.ag.gov/agwa
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Step 4: Preparing rainfall files
4. Write the RHEM precipitation file for a 10year 1-hour storm for the watershed by
selecting AGWA Tools > Precipitation
Options > Write RHEM Precipitation.
4.1. RHEM Precipitation form
4.2. Discretization:
bear\bear_sdm1_fl500
4.3. Storm Source: select User-defined
Depth
4.3.1. Depth (mm): enter 53.4
4.3.2. Duration (hours): enter 1
4.3.3. Time step duration (minutes):
enter 5
4.3.4. Storm/hyetograph shape: select SCS Type II
4.3.5. Initial soil moisture: select 0.2
4.4. Storm location: select Apply to entire watershed
4.5. Precipitation Filename: enter 10yr1hr
4.6. Click Write
4.7. Precipitation Written window: Click Yes to close the form.

DESCRIPTION AGWA offers several methods of user-defined rainfall input. They include using a
National Oceanic and Atmospheric Administration (NOAA) Precipitation-Frequency grid, a userdefined storm, a user-defined hyetograph, or a pre-defined storm obtained from a database. In this
exercise, the storm was chosen by consulting a 10-year, 1-hour NOAA Precipitation-Frequency grid.

Step 5: Writing RHEM input files
Writing the model input files creates a simulation directory and writes all required input files for the
model. When writing the input files, AGWA loops through features of the selected discretization and
reads the model parameters from the parameterization look-up tables to write into the input files for
the model.
5. Write the RHEM simulation input files for the watershed by selecting AGWA Tools > Simulation
Options > RHEM Options > Write RHEM Input Files.
5.1. Basic Info tab:
5.1.1. Select the discretization: bear\bear_sdm1_fl500
5.1.2. Select the parameterization: pretreatment_2006
5.1.3. Select the precipitation file: 10yr1hr
5.1.4. Select the multiplier file: leave blank
5.1.5. Select a name for the simulation: pretreatment_2006_10yr1hr

www.tucson.ars.ag.gov/agwa
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5.2. Click Write.

Step 6: Executing the RHEM model
Executing the RHEM model opens a command window where the model is executed. By default, the
command window stays open so that the success or failure of the simulation can be verified.
6. Run the RHEM model for the pre-treatment condition of the small watershed on Empire Ranch by
selecting AGWA Tools > Simulation Options > RHEM Options > Execute RHEM Model.
6.1. Select the discretization: bear\bear_sdm1_fl500
6.2. Select the simulation: pretreatment_2006_10yr1hr
6.3. Click Run. The command window will stay open so that successful completion can be verified.

www.tucson.ars.ag.gov/agwa
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6.4. Press any key to continue. Close the Run RHEM window.
At this point, pre-brush treatment conditions have been simulated. Next, a parameterization and
simulation representing the post-brush treatment condition will be created so that the analysis can be
performed in Part 4.

Part 2: Modeling Runoff and Erosion Using Post-Brush Treatment
Vegetation Cover
In Part 2, a new parameterization will be created using a vegetation layer representing post-brush
treatment that was derived from the remote sensing RaBET tool and NRI ground cover parameters
averaged across the simulation period, and then the new parameterization will be used to write a new
set of model input files to execute the model.

Step 1: Parameterizing the watershed elements with post-brush treatment
vegetation
AGWA can store multiple parameterizations in the parameterization look-up tables. Running the
parameterization with a different set of options (element, soils, land cover, or vegetation) will append
data to the existing look-up tables instead of overwriting them, so the parameterization can be accessed
again at a later time. In a new parameterization when only one parameter changes (vegetation in this
case), AGWA can copy the parameters from an existing parameterization to save time (element, soils,
and land cover in this case).
7. Rerun the parameterization of the watershed with the post-brush treatment vegetation land cover
by selecting AGWA Tools > Parameterization Options > Parameterize.
Change in vegetation cover is the emphasis of this exercise and no other changes will be made;
because no other options are changing, the element parameterization and land cover and soils
parameters can be copied from an existing parameterization.
7.1. Input box:
7.1.1. Discretization: bear\bear_sdm1_fl500
7.1.2. Parameterization Name: posttreatment_2016
7.2. Elements box:
7.2.1. Parameterization: pretreatment_2006
7.3. Land Cover and Soils box:
7.3.1. Parameterization: pretreatment_2006
7.4. Vegetation box:
7.4.1. Parameterization: Create new parameterization
7.4.2. Click Select Options. The Vegetation form opens.
7.5. In the Vegetation form:
7.5.1. Vegetation Community: NRIavg2004to2014_RaBET2013to2016
7.6. Click Continue. You will be returned to the Parameterizer form where the Process button will
now be enabled.
7.7. In the Parameterizer form, click Process.

www.tucson.ars.ag.gov/agwa
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Step 2: Writing RHEM input files
The same precipitation file used in the pre-brush treatment simulation will be used in the post-brush
treatment simulation, so the step of writing the RHEM precipitation file will not be repeated.
8. Write the RHEM simulation input files for the watershed by selecting AGWA Tools > Simulation
Options > RHEM Options > Write RHEM Input Files.
8.1. Basic Info tab:
8.1.1. Select the discretization: bear\bear_sdm1_fl500
8.1.2. Select the parameterization: posttreatment_2016
8.1.3. Select the precipitation file: 10yr1hr.pre
8.1.4. Select the multiplier file: leave blank
8.1.5. Select a name for the simulation: postreatment_2016_10yr1hr
8.2. Click Write.

Step 3: Executing the RHEM model
9. Run the RHEM model for the post-treatment condition of the small watershed on Empire Ranch by
selecting AGWA Tools > Simulation Options > RHEM Options > Execute RHEM Model.
9.1. Select the discretization: bear\bear_sdm1_fl500
9.2. Select the simulation: posttreatment_2016_10yr1hr
9.3. Click Run. The command window will stay open so that successful completion can be verified.
9.4. Press any key to continue. Close the Run RHEM window.
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At this point, both the pre-treatment and post-treatment conditions have been simulated. In Part 3, the
pre-treatment and post-treatment simulations will be directly compared.

Part 3: Comparing Results from Pre-Treatment and Post-Treatment
Scenarios
In Part 3, the results from the pre-treatment and post-treatment simulations will be imported into
AGWA. These results will then be differenced to visually see how the brush treatment impacts erosion
on the watershed.
10. Import the results from the two simulations by selecting
AGWA Tools > View Results > RHEM Results > View
RHEM Results.
10.1. Discretization: bear\bear_sdm1_fl500
10.1.1. Select Simulation(s):
10.1.1.1. Check the box next to
posttreatment_2016_10yr1hr
10.1.1.2. Check the box next to
pretreatment_2006_10yr1hr
10.1.2. Click Import/Update
The boxes will turn green when the import
is complete.
11. Difference the pre-treatment and post-treatment
simulation results.
11.1. Select Create Difference:

www.tucson.ars.ag.gov/agwa
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11.1.1. Base Simulation:
pretreatment_2006_10yr1hr
11.1.2. Alternative Simulation:
posttreatment_2016_10yr1hr
11.1.3. Change Type: Absolute
Notice the Equation textbox and the order of
the subtraction. Remember this when viewing
the results to help you interpret the change.
The name of the differenced simulation will be
used to remind you.
11.1.4. New Name: post10yr1hr-pre10yr1hr_abs
11.1.5. Click Create.

12. View the differenced results.
12.1. Select View Results (Map):
12.1.1. Simulation: 10yr1hrpost-10yr1hrpre_abs
12.1.2. Units: English
12.1.3. Output: Sediment Loss (lbs)
12.1.4. Click View

www.tucson.ars.ag.gov/agwa
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This map shows the difference in soil loss (lbs) from the hillslopes between the pre- and post-treatment
simulations for the 10-year, 1-hour design storm. This can be helpful to show where the treatment was
most effective on the watershed and prompt questions as to why. Note that the negative numbers
indicate a less soil loss occurred in the post-treatment scenario, so the hillslopes with the largest
negative numbers (the lighter colored hillslopes) have the greatest decrease in soil loss.

13. View and compare hydrographs for two simulations by selecting AGWA Tools > View Results >
RHEM Results > View Hydrograph.
13.1. Discretization: bear\bear_sdm1_fl500
13.2. Select View Results (Hydrograph):
13.2.1. Simulation(s):
13.2.1.1. Check the box next to
posttreatment_2016_10yr1hr
13.2.1.2. Check the box next to
pretreatment_2006_10yr1hr
13.2.2. Elements: planes
13.2.3. Use the Select Feature button
and select
one or more hillslope/plane elements.
13.2.4. Units: English
13.2.5. Output: Outflow (ft3/s)
13.2.6. Click View.
13.2.7. Change the Output and view a different
output.
13.2.8. Output: Total Sediment Yield (lb/s)
13.2.9. Click View.

www.tucson.ars.ag.gov/agwa
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A chart or multiple charts will open showing the hydrographs or sedigraphs for both the pre- and posttreatment simulations for the hillslope elements you selected. Notice that with RHEM, erosion is much
more sensitive to changes in vegetation cover than runoff.
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