Introduction to AGWA
The Automated Geospatial Watershed Assessment Tool

Land Cover Change and Hydrologic Response

Introduction: In this exercise you will investigate the manner in which land cover
changes over a 25 year period have affected runoff processes in SE
Arizona.

Goal: To familiarize yourself with AGWA and the various uses and limitations of
hydrologic modeling for landscape assessment.

Assignment: Run the SWAT model on a large watershed in the San Pedro River Basin
and the KINEROS model on a small sub-basin using 1973 and 1997
NALC land cover.

Keywords: Watershed assessment, Hydrologic model, Rainfall interpolation,
Continuous vs. event-based modeling

A Short Introduction to Hydrologic Modeling for Watershed Assessment

The basic tenet of watershed management is that direct and powerful linkages exist among spatially
distributed watershed properties and watershed processes. Stream water quality changes, especially
due to erosion and sediment discharge, have been directly linked to land uses within a watershed. For
example, erosion susceptibility increases when agriculture is practiced on relatively steep slopes, while
severe alterations in vegetation cover can produce up to 90% more runoff than in watersheds unaltered
by human practices.

The three primary watershed properties governing hydrologic variability in the form of rainfall-runoff
response and erosion are soils, land cover, and topography. While topographic characteristics can be
modified on a small scale (such as with the implementation of contour tillage or terracing in agricultural
fields), variation in watershed-scale hydrologic response through time is primarily due to changes in the
type and distribution of land cover.

Watershed modeling techniques are useful tools for investigating interactions among the various
watershed components and hydrologic response (defined here as rainfall-runoff and erosion
relationships). Physically-based models, such as the KINEmatic Runoff and EROSion model
(KINEROS) are designed to simulate the physical processes governing runoff and erosion (and
subsequent sediment yield) on a watershed. Lumped parameter models such as the Soil & Water
Assessment Tool (SWAT) are useful strategic models for investigating long-term watershed response.
These models can be useful for understanding and interpreting the various interactions among spatial
characteristics insofar as the models are adequately representing those processes.

The percentage and location of natural land cover influences the amount of energy that is available to
move water and materials. Forested watersheds dissipate energy associated with rainfall, whereas
watersheds with bare ground and anthropogenic cover are less able to do so. The percentage of the
watershed surface that is impermeable, due to urban and road surfaces, influences the volume of water
that runs off and increases the amount of sediment that can be moved. Watersheds with highly
erodible soils tend to have greater potential for soil loss and sediment delivery to streams than
watersheds with non-erodible soils. Moreover, intense precipitation events may exceed the energy
threshold and move large amounts of sediments across a degraded watershed (Junk et al., 1989;
Sparks, 1995). It is during these events that human-induced landscape changes may manifest their
greatest negative impact.



The Study Area

These exercises will use the Upper San Pedro River Basin from the Charleston USGS stream gage in
Southern Arizona as the study area. The San Pedro River flows north from Sonora, Mexico into
southeastern Arizona (Figure 1). With a wide variety of topographic, hydrologic, cultural, and political
characteristics, the basin represents a unique study area for addressing a range of scientific and
management issues. The area is a transition zone between the Chihuahuan and Sonoran deserts and
has a highly variable climate with significant biodiversity. The study watershed is approximately 2886
km? and is dominated by desert shrub-steppe, riparian, grasslands, agriculture, oak and mesquite
woodlands, and pine forests. The basin supports one of the highest numbers of mammal species in the
world and the riparian corridor provides nesting and migration habitat for over 400 bird species. Large
changes in the socio-economic framework of the basin have occurred over the past 25 years, with a
shift from a rural ranching economy to considerably greater urbanization. As the human population has
grown, so too has groundwater withdrawal, which threatens the riparian corridor and the long-term
economic, hydrologic, and ecological stability of the basin.

Significant land cover change occurred within the San Pedro Basin between 1973 and 1997. Satellite
data were acquired for the San Pedro basin for a series of dates covering the past 25 years: 1973,
1986, 1992, and 1997. Landsat Multi-Spectral Scanner (MSS) and Thematic Mapper (TM) satellite
images have been reclassified into 10 land cover types ranging from high altitude forested areas to
lowland grasslands and agricultural communities with 60 meter resolution. The most significant
changes were large increases in urbanized area, mesquite woodlands, and agricultural communities,
and commensurate decreases in grasslands and desert scrub. This overall shift indicates an increasing
reliance on groundwater (due to increased municipal water consumption and agriculture) and potential
for localized large-scale runoff and erosion events (due to the decreased infiltration capacities and
roughness associated with the land cover transition).
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Figure 1. Locations of the two study areas within the Upper San Pedro River Basin you will be
modeling today. The larger basin (2886 km?) will be modeled using SWAT and drains to the
Charleston USGS runoff gaging station. This basin encompasses the smaller watershed (92
km?), labeled here as “Sierra Vista Subwatershed”, to be modeled using KINEROS. Upland and
channel elements are shown as they may be used in the SWAT simulations, and the upland and
lateral elements (channels are withheld for clarity) used to parameterize KINEROS are outlined
in the smaller watershed.



Installation

All of the data necessary to model runoff within the study area is provided on the AGWA website or on
the accompanying CD. To install AGWA perform the following steps:

1. Toinstall AGWA from a CD, copy the necessary data onto your hard drive.

a. Easy installation: drag the entire contents of the CD onto your hard drive. This will require
approximately 700 Mb of disk space. Important: do NOT use spaces in the path or ArcView
will not be able to access the files. It is best to install AGWA at the c:\ prompt. You should
end up with a directory structure like this:
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b. Alternative installation. If you prefer not to add all the data from the CD onto your hard drive,
you may opt to re-create only part of the installation. At a minimum, AGWA will need access
to files found under the datafiles and models directories.

Important: Change the permissions of these files so AGWA can read and write to them. When
copying from a CD, all files are automatically changed to “read only”. Right click on the AGWA
directory. Uncheck the “read only” box and click Apply. Then click Apply changes to all
subfolders and files. If your operating system is Windows 98 or older, you will have to select
all files and directories manually, right click to change the properties, and uncheck the “read
only” box. Click Apply.

2. Toinstall AGWA by downloading the data from the AGWA website,
http://www.tucson.ars.ag.gov/agwa/, create a new directory at the c:\ prompt named AGWA,
and unzip the agwa_package.zip file there. Your directory structure should look like the
illustration above.

3. Copy the AGWA extension named agwa?_5.avx (or a newer version if one is available) into the
extensions folder on your hard drive. This folder is named EXT32 and is usually located in the
following path: c.\ESRINAV_GIS30\ARCVIEW\EXT32, where c: is the drive onto which ArcView
was installed.

4. Add an environmental variable to your system folder. AGWA requires the environmental
variable to locate files:

a. Windows 2000 and XP:

1. Go to Start>Settings>Control Panel>System

2.Click on the Advanced tab, then Environmental
Variables =

3. Click the New button

4.Variable Name: AGWA

5.Variable Value: c:\agwa (or the path of the AGWA
directory created in step 1 or 2)

6. Reboot before using AGWA.

[~ System variabl

Variable | value le
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ARCHOME i

ARCHOME_USER  C:larcgis\arcexste
ARCINFOFOMTN... Courigr Mew
ARCINFOFOMTS... &

b. Windows NT:



1. Go to Start>Settings>Control Panel>System

2. Select the Environment tab

3.Fill in the Variable field: AGWA

4. Fill in the Value field: c:\agwa (or the path of the AGWA directory created in step 1 or 2)
5. Click the Set button.

6. Reboot before using AGWA.

c. Windows 95/98:
1. Use any text editor to open the autoexec.bat file, located at the ¢:\ prompt on most
Windows machines.
2. Add the following line to the autoexec.bat file: set AGWA=c:\agwa (or set the variable
equal to the path of the AGWA directory created in step 1 or 2)
3. Save the file and exit the text editor.
4.Reboot before using AGWA.

Getting Started

Open a new ArcView session, and turn on the AGWA extension. To do this, select File>
Extensions. Check the box next to “AGWA v1.5” (or the name corresponding to a newer version if one
is available).
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You may want to consider making a projects directory in your AGWA directory to help organization. If
you do, navigate to that directory before clicking OK when naming your project.

If you do not change the project name or make a projects directory, a directory will be created with the
new name named c:\agwalagwa_proj, and the project will be named agwa_proj.apr and located in the
AGWA directory.

AGWA accesses 5 SWAT data files (crop2000.dat, urban2000.dat, fert2000.dat, pest2000.dat, and
till2000.dat) during various parameterization and simulation steps. The files are provided as part of the
AGWA datafiles download and can be modified to suit the modeling needs of different users. Because
of this, AGWA asks that you identify the set of DAT files to use as a default for the various steps. This
can be changed at any time through AGWA Tools>Preferences. At this point, if AGWA cannot locate
the files in the datafiles directory, it will prompt you to locate the crop2000.dat file.

The working directory is the default location where ArcView will write coverages, grids, and tables
generated during the watershed assessment process. If you did not change the project name or make
a projects directory, the working directory for the project will be a folder named
c:\agwalagwa_proj\av_cwd. The resulting file structure is shown below:
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All files created by AGWA in the course of the project will be placed in the current working directory.
Please note: even if a project has been previously saved as another name, when you open the AGWA
extension, you will be forced to save the project with a new name in the above-described file structure.

Tools>Manage AGWA datasets.

A Note About Moving Spatial Data — It is important to remember that when using
ArcView, spatial data (coverages, themes, shapefiles, and grids) should not be
moved from one directory into another using Microsoft Windows Explorer. This can
create errors within the spatial data files, and should not be attempted unless the
entire directory (up one level from the data sets themselves) in which the files
reside is moved. If individual spatial data layers must be moved, use ArcView’s
File>Manage Data Sets option. This will bring up a window that will enable you to
transfer data layers from one directory to another without breaking the internal
structure of spatial data files. AGWA watersheds should be moved using AGWA

Part I: Modeling Runoff at the Basin Scale Using SWAT

In this exercise you will create a large watershed in the San Pedro Basin, and use the SWAT model to
determine change in runoff due to land cover changes over a 25 year period. Start this exercise by

creating a new view, and loading data into it. Change the name of the view to “San Pedro” by going to
View>Properties. Change the Map Units to METERS.

Add data to the view by clicking on the “+” button at the top of the screen. Make sure the Data Source
Type is set to “Feature data source” and navigate to agwa\gisdata\sanpedro and add the following

shapefiles:

e Fairbank.shp — National Weather Service

Fairbank raingage
o NWS gages.shp — Multiple raingages
throughout the basin

e Uspb.shp — Outlet of the Upper San Pedro

watershed for SWAT

o Sierra.shp — Outlet of the Sierra Vista
watershed for KINEROS
o Sp_statsgo.shp — STATSGO soils
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Click on the “+” button again. Make sure you change the Data
Source Type to “Grid data source” and add the following grids:

7 Legend Editor

e Nalc73 — NALC 1973 land cover classification (60m) Defaul

o Nalc97 — Landsat TM data classified into NALC land cover  |vatesFeis [Vl El
categories (60m)

e Sp_dem — Digital elevation model (30m)

e Sp_accum - Flow accumulation grid

e Sp_dir— Flow direction grid

o
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Grassland
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To add an existing legend to the NALC data, double-click on its
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legend. You will get a pop-up window like the one to the right. Agicuturs =l
Click on the Load button and navigate to the agwa\datafiles + & 2| 5] o @ a9
subdirectory, and select the nalc.avl file. This will load in a legend === [EounttiHarest &
with pre-defined colors and names and should end up looking like Advanced.. |  Statisis. | | oow |
the image shown here. Keep the default "Value" field in the pop-
up and be sure to click the Apply button to set the changes.
You will also need to add some other data to the = ]
project. To do this, click on the Tables icon in the R
project. Click on the Add button and navigate
through the agwaldatafiles subdirectory to add in the |m —=xq| &
following database files: ﬂ
x|
o dsgnstrm.dbf — return period rainfall for /- S i PO ok
KINEROS L N
e kin_lut.dbf — master look-up table for soil R :
parameters R J
e Sp60 73.dbf— San Pedro rainfall from 1960- "
1973 for all the NWS gages in the basin S L = =
o Wagnfiles.dbf — database table of weather Serpts_<| [FBASE 80 E B 5|
generator stations for SWAT e |

After loading these files into the project, you can close the tables to clean up the display. Loading these
files into the project is NOT a necessary step when using AGWA, but was done here to make you
familiar with the files that AGWA uses during a watershed assessment.

At this point we have all the data necessary to start modeling: topography, soils, land cover, and
rainfall. Save your project, and continue to the next step.

Step 1: Subdividing the watershed

1. Open up your view. Take a look at the data you have available to you to familiarize yourself with
the area. This is accomplished by turning on the layer (check the box next to the legend), then
change the color ramps and display schemes of the GIS layers by double-clicking on them and
manually adjusting the legend.

2. Make sure the uspb.shp layer is turned on and is located at the top of the list of available GIS
layers. The uppermost themes are displayed on top of the other themes, and this will enable us to
see the location of this point, which is the watershed outlet for our first modeling exercise.

3. Start the AGWA tool by clicking on the AGWA Tools menu item and then on Delineate
watershed. Read through the options available for delineation and discretization. Select Create a
new watershed and click Continue.
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4. In the next window, define the delineation inputs — select the DEM, flow direction and flow
accumulation maps with the drop-down windows. Click Accept to move on to the next input. Select
Create a new stream grid to create a new stream map. Enter “st2500” as the name and a
threshold of 2500. Click Accept to generate a new stream map. Once AGWA has generated the
stream map, click Continue.

7 Watershed Delineation/Discretization u © Watershed Delineation ﬂ

Digital E levation Model [DEM] Input

" Create a new watershed

r 0
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Cancel ‘ Help | Reset | ok |

Cancel Continue

5. On the next screen, named Watershed Outline, use the Zoom tool to zoom in on the watershed
outlet uspb.shp if you like. Enter a name, swat1, for the new watershed outline. Then select A
point location in an active coverage to locate the watershed outlet. Under Available point
Coverages, select the shapefile uspb.shp. Use the draw tool to select the outlet point by drawing a
small box around the point. AGWA will now begin delineating the watershed.

6. AGWA will generate a grid that delineates the outline of the watershed contributing runoff to the
upper San Pedro River Basin from the point

% WatarstmdiIE marked by the uspb.shp shapefile. AGWA will ask if
Llse the contrals b zoam in on the watershed outlet the watershed looks OK. Click Yes if it looks like

the image below, otherwise start over to make sure

all values were entered correctly.

Mame the Outling to be Created: | swat]

What will be used to locate the watershed outlet?

" A user-defined outlet location
A point location in an active coverage

" An XY coordinate pair

Paint location in active coverage

Awailable Point Coverages: | R~

‘Wwhen ready, click here - >
and then zelect the outlet point d

Help | Cancel |
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If the watershed is correct, AGWA takes you
to the Watershed Discretization window. Enter
a name, swat1, for the discretized watershed
and click Accept. Select SWAT in the Model
drop-down box.

#! Watershed Discretization

AGWA subdivides watersheds into hydrologic
elements based on the contributing source
area (CSA) approach, where the channels are
S200 QR Hectares I iz Joces| defined as a function of the contributing area,
or the total area required for channelized flow
to occur. Smaller CSA values results in a
more complex watershed. The default CSA is
set to 2.5% of the watershed. Change the

[ Enforce C54 for lateral elements? CSA to 9200 and Change the units to
hectares. Click Accept.

Internal Ereakpoints

7 |se intemal gages.

™ Usze ponds [releazing). " Usze ponds [hon-releazing).

Cancel Help Rezet Continue

Under Internal Breakpoints, select None and

leave the Enforce CSA box unchecked. Click
Continue to discretize the watershed.

7. Select Default Relationship for the Hydraulic Geometry Relationships, and click Process. AGWA
will now complete the watershed discretization, creating the individual planes and channels for the
simulation. Your final watershed should look like the one below. The actual colors may be different,
but the configuration of the planes should be the same. If it is very different, you may want to start
again to make sure the values were entered correctly.
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Step 2: Characterize the watershed elements for SWAT model runs

2 Soils and Land Cover Info 1. Each of the watershed elements needs to be
\watershed Info characterized_ according to its l_Jnique properties of land
Watershed Thems [t =] cover and soils. These properties are used by AGWA to

create input parameters for either SWAT or KINEROS.
To start this process, select AGWA Tools>Run
Landcover and Soils Parameterization.

[~ Define hpdralogic responze units (HRUs)?
W Uze defaul CROP values?

Land Cover Info
Land Cover Grid [Malc73 =]
JET|

Note that in the previous steps AGWA has created a
subwatershed with the swat?’ name and placed a “w” in
Add Table Continue | front of the discretized watershed map (wswat7). A

channel map is also in the view named sswat1.

Select a lookup table [nal Iut.dbf

Sails Infa

Sails Coverage [5f

2. Fillin the land cover & soils dialog box as shown in the
image to the left, then press the Continue button. If you
=l did not add the nalc_lut.dbf table to the project, use the
Add Table button. AGWA will now prepare the wswat1
watershed for running SWAT by intersecting the
— o | — watershed with the 1973 land cover map and
STATSGO soils data.

3. At this point the watershed has been subdivided into model elements and these elements have
been characterized according to their land cover and soil properties. AGWA has added a few items
to the watershed’s data table that will be used to provide input to the SWAT model. You can see
these changes by selecting on the legend for wswat1 and then clicking on the
Table icon at the top of the ArcView screen that looks like the image to the right.

Step 3: Prepare rainfall files

1. AGWA provides a means for preparing rainfall files in SWAT- or KINEROS-ready format. For
SWAT, the user must have a dbf file containing the daily estimates of rainfall for the rain gages
within the study area. Rainfall data for gages within the San Pedro are provided to you in the
sp60_73.dbffile.

2. When AGWA is used expressly as a hydrologic modeling tool it is critical that the rainfall data be
spatially distributed across the watershed. A large body of literature exists regarding the crucial
nature of spatially distributed rainfall data. Given a number of rain gages scattered throughout
the study area (see the nws_gages data layer), AGWA will generate a Thiessen rainfall map
and distribute observed rainfall on the various watershed elements using an area-weighting
scheme. Feel free to use the nws_gages file in concert with the sp60_73.dbf file to generate
rainfall data, but we are NOT using this option right now.

Note on rainfall input: The process of creating area-weighted rainfall files is
very time-consuming (it can take several hours to characterize a complex
watershed for many years of rainfall) and we are avoiding it during this
exercise. Instead, we will use a single rain gage to generate a uniform rainfall
file across all the model elements. This is clearly a huge deviation from using
observed data, but there is a sound reason for doing so in change detection
work. We are interested in the impacts of land cover change on hydrologic
response, but the spatial variability in rainfall can have confounding effects on
the analysis, overwhelming the isolated changes within the subwatershed
elements. Using homogeneous rainfall serves to isolate the effects of land
cover change independent of the rainfall.




** Optional ** You can try using 2 different sources of rainfall data for SWAT: uniform and
distributed rainfall. In this example you will use a single gage (uniform), but you
could also try running SWAT with the nws_gages shapefile (distributed) and use all
available gages for the same time period. In this way you can investigate the
impacts of rainfall input on hydrologic modeling.

3. To generate uniform rainfall data, select AGWA Tools>Write SWAT Precipitation file. Select
the wswat1 watershed. Select fairbank.shp as the rain gage point theme, select the field
containing the gage identifiers (Station_id) and use the selection tool to select the raingage in
the view (the figure to the left displays the location of the gage). The Station_id will be displayed
in the text area. Click Accept. Select Do not include elevation data (no elevation bands),
click Accept and Continue.

42 SWAT Precipitation

L [ Fairbank._zhp 3|
Falrbank \ [ Statiar_id |

T~

22902 -

Elewvation Inputs

" Acquire gage elevation from the gage attibute table.

-

v
" Acquire gage elevation from the DEM.
& Do not include elevation data [ho elevation bands) Info
r Hccept

Cancel | Feset | Help | Continue |

4. Fill in the next screen so it looks like the one below and click Generate. Because we are
creating a uniform precipitation file, we do not need to select a Thiessen polygon/watershed
intersection theme. AGWA will save the .pcp file as swat1.pcp in the rainfall folder in your
project.

i1 Uniform Precipitation Weighting

Generate Weighted Precipitation File for SwibT

The rain gage point theme iz Fairbank.shp YWiew Gages
zpB0_73.dbf hd Sl
-

Enter a name for the SWAT precip. file [ swat]
Cancel Generate Reset
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Step 4: Write output and run SWAT

1. At this point all the pieces are in place
to run SWAT. The next step is to go to
AGWA Tools>Write Output and Run
SWAT. Fill out the next screen so it
looks like the one below.

2. Once you select the watershed, select
the precipitation file that you have
created for the watershed. If you have
generated multiple rainfall events, they
will all be shown in this dropdown list.

3. There are 14 years of data in the
rainfall record you created earlier. You
can change the start and end dates for
the simulation so long as they fall
between January 1, 1960 and Dec 31,
1973. For simplicity, keep the default
start date as January 1, 1960 and
simulate 10 years of runoff. Select the
yearly output frequency.

4. Select Use Observed Temperature
Data. When asked, find the
temperature file, sp60_73.tmp in the
c:\agwa\datafiles directory.

5. Enter demo as the name for the
simulation. This is the simulation name
and consequently will also be the
directory name the SWAT results are
placed in within the simulations
directory. Leave the Use Advanced
Parameters... box unchecked.

6. In the weather generator panel, select Select station from table. The weather generator
selection window will open. Click Open WGN Database to select the station closest to the

2 SWAT Inputs

W atershed Qutput
SelectWwatershed | wawat ]
Precipitation
Select Precipitation | swatl.pop ]

r

Simulation Time Period
Beginning Date of Simulation [mmddyeewl: [ 01011360

Murmber af pears o simulate: 10

Output Frequency

" Daily ™ Manthly =+ “Yealy

Temperature

sz Obszerved Temperature Data

i lze Simulated Temperature D ata

Directory Mame

Simulation Title: [ dermo

Advanced Ophions

|Jze advanced parameters [precipitation adjustments ar
aroundwater zimulation]?

-

Select Weather Generator Station

i 5elect station from table:

" Select station from paint theme

Cancel Help Cantinue

watershed in question. Note: AGWA will show the name, latitude and longitude of the available

stations, but it is the responsibility of the user to choose an appropriate station. For the San
Pedro Basin, choose the DOUGLASB station (see below). Click Process Selection, then

Continue to return to the SWAT Input window.

&

!
L
U
|

¢ Table Selection

; 1. Click here ta start -->

Open WGN Databass

; 2. Highlight the SIMGLE closest gauge to your study area from the table

Cancel | Hep |

;| | 3 Click here when selection is made —>  procecs colaction

ﬂ i ’2 wanfiles.dbf =
St Sl Laiitate | Loengiate) LDaras
Erd ] a0 3237 112,87 | weataz? wg
AL BETATAKIN kLR 110.52 | weataz3.wg
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AL ELOY 275 111.55 : weatazBwg
A7 HEBER 34 38 11058 | weatazd wg
AL JACOBLAKE *ET2 112.22 ! weataz] D
v KEAMSCANY 3582 110.20§ weataz] 1w
v KLAGETOH1 3955, 109.70° weatazl Z'Wj
Al |

s [ 1]
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7. Click Continue to write the SWAT input files. AGWA will now run SWAT for each of the 10
years, and you should see the black command window as shown below running SWAT. When
this window disappears, SWAT has completed running.

C:AWINNT \eystem32\cmd._exe

c:vaguwasdatafiles>c:

c=vwagwasdatafiles*cd “agwasdocumentssagwa_projssimulationssdemo3s

C:vagwasdocumentssagwa_projssimulationssdemo3d>cmd /c swat28008
SWATZ8868

So0il & Water Assessment Tool
C Version
Program reading from file.cio . . . executing

Executing year
Executing year
Executing year
Executing year
Executing year
Executing year

Step 5: View the results

1. After SWAT runs to completion, the SWAT output files must be imported into AGWA before
displaying the results. Go to AGWA Tools>View Swat Results to display the spatially
distributed runoff, infiltration, and other water balance results.

2 SelectRosult £ B

Select the simulations to import

Watershed T

Set breakpoints

Simulation | ] " _>

Cancel

Standard Wiew
| =l

[~ Uze the defined breakpaints for thiz watershed?

Time zeries view

| JET
|

Cuirment tirme: Liplader

Compare simulations

Pigforas o

Help | Done ‘

Click on the import button (circled) to select the simulation results. Select “demo” and click OK
to import the tables. Once the tables have been added to the project, the Simulations drop-down
window will be updated. Click on the Identify buttons to review the inputs up to this point. This
box provides a summary of the data used to provide input to SWAT. In this case, the watershed
size was 713218 acres with a CSA of 9200 hectares. 1973 NALC and STATSGO soils were
used to parameterize the watershed for a 10 year model run starting in 1960.
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2. Experiment with the visualization tool by choosing different results to display using the Standard
View options. The results for water yield should look like the image below:

i atl

| e

[ Inobata
o si2500 Watershed [wewat | Set break
> paints
K
[_InoData

+ uspbshp
®

Simulation [demo

Standard View

Output [water ¥igld fmm) =] | Upds :
o szwat

3368 ¢ I~ Use the defined braak pointorNgg watershed?
¢

_| Sierrashp
]

4571- £ Time sefies view
0

%

Cuirent time:

Compare simulations

[_]n-9z=085 32
[ 938065 333 -
[ 1878130.887
= zz14106 - 37:
B 752261333

2 Select Results e
< v

<@ &

I 45203z 567
Bl 5625392 - 68
Bl 555457333

Il 7504522 567

I HoData
+] sp_dem

[ ] =99 - 1029.55
[ 1029556 - 12
[ 1280111 - 14
[ 1470887 - 1E_VJ

Step 6: Repeat for 1997 land cover

1. You do not have to re-configure the watershed to run the simulation with the 1997 land cover.
Start the process at Step 2: Characterize the watershed elements for SWAT model runs,
from above, choosing the Nalc97 landcover data this time.

2. You do not have to re-produce rainfall data since the geometric watershed configuration is

exactly the same.

3. Repeat the same steps as above to generate 10 years of runoff data for the basin using 1997
land cover, STATSGO soils, and homogeneous rainfall. Save the results as demo?2.

Step 7: Compare the 1997 results with the 1973 results

1. Click on AGWA Tools>View SWAT Results.
Once you have selected “wswat1”, click on the
Import button to import the 1997 results. Once
AGWA has added the tables to the project, the
Difference button is activated. Click on the
Difference button, and you will be prompted
with the dialog shown to the right. Here we are
creating a new data layer with the differences in
runoff between the 1997 and 1973 land cover
classes. This approach is a simple subtraction,
so negative values will occur where runoff is
predicted to decrease due to beneficial changes
in the land cover.

2. Name the output /c97-73 to indicate the direction

Z Calculate Difference

‘what will the output be called: [1297_73

Simulation 1 [ demaZ Ea| Diescription

MINUS

Simulation 2 [ demo Ea| D escription

" Absolute Changs

E quation
1c97_73

= [ demo2

demo | # demo2 * 100

Cancel Help QK. |
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of subtraction. Here positive values indicate an increase in runoff.

3. Results of the simulated change in surface runoff resulting from land cover changes are shown

below:

& =
N

! o] wsmat

] [] 33458 - -28
[ -28478 - 23
] z3406 - 18
[ 18515 - 13
[ 13534- -85
[ es52- 387
[ 3571 144
[ 41 - 6302
I 6302 - 1197,
B oD ats

[ T
ot <[ 4.' y 2 N P / = i

BY © select Results x|
Wateshed [pmnat = Set braskpoinls

Large positive change in
surface runoff at location of

Simulation [537. 73

Standard View

increased urban areas in
Sierra Vista

=1[9] [¥

Output [Suface Runlf (mm]

I Use the defined breakpoints for tis watershed?

] | lpdate’}

] Uspb.shp
. =1

_
Time sefies view
[ = |
L4
 er B
]
Cuent fime:
Compare simulations
Difererce | e |
Help Done
1 Barenicloy

Step 8: View Metadata

1.

AGWA metadata contains information regarding watershed delineation and discretization
options, landcover and soils parameterization options, and simulation details. This information
can be viewed at any time by going to AGWA Tools>View metadata.

In the Metadata window,
select the SWAT watershed
from the drop-down menu.
The metadata will be
displayed in the text area.
Scroll through the text area to
familiarize yourself with the
information.

User comments can be
added at any time through
the viewer. Click the Edit
comments button to add any
comments you’d like to the
watershed.

Click Done to exit the
window.

TR e — e [ g R | (R

Cariribafing Soutce Aisa: 9200 Hactwas |3.2%)
‘wialeithed fana PY321T Avins
Hurrbat of et 15
St mag. S50
Hyckude Grometry Pk
Cherrel Wath = 0.0724 - (ueal [0.3377)
Chareel Dingih » 0 0602 * [Aenaf 0 1523)

‘wiakruk Guirh Walrizhod A7

Date Created 02400/2000

PARAMETERIZATON
Larndcuver. Maicd?
S i sladzon sha

o1 {0
107 122
V- A0
139 154
Mo as

| Hal@T

=

Dk W sadlar
! Bhas quile W o

Orastland

B mibiorul

B aian
Ag eyt

-

14



Introduction to AGWA
The Automated Geospatial Watershed Assessment Tool

Land Cover Change and Hydrologic Response

Part Il: Modeling Runoff at the Small Watershed Scale Using KINEROS

In the previous section we identified regions that have undergone significant changes both in terms
of their landscape characteristics and their hydrology. These basin scale assessments are quite
useful for detecting large patterns of change, and we will use the results to zoom in on a
subwatershed to investigate the micro-scale changes and how they may affect runoff from
simulated rainfall events.

SWAT is a continuous simulation model, and in the last exercise we simulated runoff for 10 years
on a yearly basis. KINEROS is termed an event model, and we will use design storms to simulate
the runoff and sediment yield resulting from a single storm. In this case, we will use the estimated
10-year, 60-minute return period rainfall.

A quick review of the spatial distribution of changes in surface runoff predicted by SWAT shows that
the largest increase occurred in a small watershed draining an area near Sierra Vista that
underwent significant urban growth from 1973 to 1997.

The area near Sierra Vista is highlighted in red.

) Automated Geaspatial Watershed Assessment [AGWA) tool v1.4 = M|
Fle Edit View Iheme Analysis St phics xTook Window Help AGWA Taols

aphice
Bl EEAREEEIE (& [Ex][&]
o] zzwat =
N
] wewatt
[ J-z1271--17 14
1171498 --13.02
[CJ-13027 - .a808
[J&s06- 4734
[ -4.764- 0662
[ 062 248
I .40 - 7581
[ 758 - 41703
[ 11703 - 15.825
B HoDats
i Maximum
change in
| Fairbankshp
surface runoff
] sierrashe 15.825 mm
- -
»
_| Malo7z
B Forest
] o
] Mesqui
[Jer
b
I "
Cag
B Urtan
[ i ater
[_]eanen
[ Clouds
[_1HeData
Al s

In this exercise, we are going to zoom in temporally and spatially to investigate large-scale changes
within the watershed.

Step 1: Subdividing the watershed

1.

As we did for SWAT, the first step is to generate an outline for the watershed in question. You
might want to clean up the view a bit by turning off theme layers that are not useful and making
sure that the Sierra.shp file is at the top of the list of data layers. This point will serve as the
watershed outlet for the next exercise.
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2. Start the AGWA tool by clicking on the AGWA Tools>Delineate watershed. Since we will be
looking at a subwatershed in the SWAT watershed, select Select subwatershed from a SWAT
watershed. Then click Continue. The watershed inputs, DEM, flow direction, etc., will be the

same as those used for the SWAT watershed.

3. In the next screen select the wswat1 watershed, and name the new watershed kin1. Select the
SWAT subwatershed with the selection tool (you only need to click once within the subwatershed).
A new watershed grid will be generated based on the selected subwatershed.

i Select Subwatershed E

Select Watershed | wowat |

Enter delineation name | ki

Select a subwatershed |

[If the outlet iz near a stream junction, the
watershed delineation may include both branches.
If thiz iz unacceptable, create a new watershed. |

Cancel Help |

#1 Watershed Discretization

EE

| a1 [&cres ]

Internal Breakpoints

" Use intemal gages.

" Usze ponds [releazing). " Usze ponds [non-releasing).

[~ Enforce CS4 for lateral elements?

Cancel | Help | Reset |

Cantinue

4. Once the new watershed grid is created, fill in the watershed discretization dialog.

5. For the KINEROS model, set the CSA to 750 acres, and be sure to select the model type as
KINEROS, not SWAT. These models require significantly different watershed subdivisions and will
not work on each others’ watershed geometry. Be sure to select None under Internal Breakpoints
since we will not be using internal gages or ponds. The final watershed should look something like

the image below.

I £ San Pedro

o skinz
I N
o wkinz
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Step 2: Characterize the watershed elements for KINEROS model runs

1.

As in SWAT, you must intersect the watershed elements with the land cover and soils data to
generate parameters for the hydrologic model. Click on AGWA Tools>Run Land Cover and
Soils Parameterization. Choose the wkin1, NALC73 and sp_statsgo.shp layers for the
intersection.

Step 3: Prepare Rainfall Files

KINEROS is designed to be run on rainfall events. AGWA has a number of return period events for
southeast Arizona stored in its database. We are going to use one of the pre-defined storms, though
AGWA allows you to create rainfall data for KINEROS in 5 ways:

7 KINEROS Precipitation 72 Design Storm Generation - AGWA Database

Homogeneous design storm from the database (our technique).
Homogeneous rainfall input by the user.

Homogeneous rainfall input by the user based on a single return-period depth.
Homogeneous design storm based on precipitation frequency maps.
Heterogeneous rainfall input by the user using multiple gage locations.

o=

Click on AGWA Tools>Write KINEROS Precipitation File. Select Generate single-gage
precipitation file>Use a design storm from the AGWA database. Fill in the dialog box so that
it resembles the image below on the left. Click OK and then fill out the next screen so it looks
like the image below on the right. Increasing the watershed saturation index will increase the
simulated runoff since losses to infiltration will be lessened. Likewise, increasing the return
period will increase the runoff since longer return period storms have greater rainfall depths.
We'll pick a middle ground for this exercise (10 year, 1.00 hours with 0.2 saturation). Click
Generate to continue.

Select a method for generating KINERDS precipitation input

Select the Location [ §an Pedro =]

% [Generate single-gage precipitation files

" Generate a design storm from Precipitation-Frequency Maps Select Frequency and Duration | 10 pear, 1.00 hours ﬂ

2 watershed must be selected to compute the reduction factor
" Enter data for a custom design starm manually

- Select the watershed [ wkinZ =]

-
Set Saturation Index nz

" [Eenerate multiple-gage precipitation files
[See the AGWYS manual for input requirements)

Enter a precipitation file name | 1 OprE0mir!

Canesl | Help | oK | Cancel | Help | Generate |

2. Save the precipitation file in the rainfall directory as 10yr60min.
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Step 4: Write output and run KINEROS

1. At this point you have all the data you need to run KINEROS on the wkin1 watershed. Click on
AGWA Tools>Write Output File and Run KINEROS. Create a new KINEROS simulation
called “c750_73". Select the watershed you just created.

! KIMEROS Simulation Inputs
Tabular outputs
| cfal_73a [v Include tabulated results in output?
Watershed Selection
Select a watershed [ wkinZ? JE3 |
Select parameter file [ c:\agwa_pondstagwalf_a\simulationshc750_ 73%C73.par ] wirite new file ‘ Imnpart file
Select precipitation file | c:hagwa_pondshagwalf_atrainfals 1 OwEOmin. pre ] Browse
Simulation Companents
“Watershed  Parameter File Precipitation File =
wiking c:hagwa_pondzhagwalb_atsimulationse7B0_73he 3 par chagwa_pondshagwals_abrainfalll Opr
< | 3
Remave entry * F'Iee!se nate that. element hydrographs W".I nr_‘uly I:u,a impprted
for gimulations with one parameter/precipitation file pair.
Cancel | Help Flun KINERGS |
. . 2 KINEROS Parameter File
2.  AGWA alerts you that no parameter files exist

for this watershed. Click ‘Write new file’ to
create a parameter file. Enter ‘c73’ for the
parameter file name.

AGWA allows for the use of parameter
multipliers in the development of input
parameter files for KINEROS. The multipliers
can be very useful for calibration and
validation studies but are not necessary for
our purposes. We will use the default
multiplier values of “1”, thereby leaving the
parameter estimation alone.

Click Continue to create the file.
The new parameter file is added to the drop-

down window. Select the file you just created.
Then select the precipitation file created

Selected watershad:

Enter parameter file name C?-.E

[T Generate element hydrographs?

KIMERDS Multipliers [optional}
Channel Multipliers

1
Depth [ 1
Roughness [ 1
Ksat [ 1
G [ 1

Width

Cancel Help

Flane bultipliers

Interception |71
ZCaver [ 1
Foughness [ 1
Pave [ 1
Splazh |71
Faat |71
G [ 1
] [ 1

| Continue |
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earlier. Click Add to simulation. The combination is added to the simulation components text

box. Multiple pairs of parameter files and precipitation files can be added to a simulation; but

for these purposes, we’ll perform separate simulations. Click Run KINEROS. Once KINEROS

starts running, you will see a black DOS screen like the one shown below.

W INDOW Sysystem 3 2vcmd.exe
IC - vagwasagwa_projssinulationsstestl
Iz vaguasaguwa_projssinulationsstestl>kineros2_agwa < kin.fil

Processing Channel Elem. 94

Event Uolume Sunmary:

Rainfall .B8BBA mm 4227325, cum
Plane infiltration .65248 3473791,
iChannel infiltration .38732 466836 .
Interception .56983 80295,
Storage .28826 394922,
Outf low .96598 136117.
Error (Uolume in — Uolume out - Storage? < 1 percent
Time step was adjusted to meet Courant condition
Total watershed area = 14891.88 ha
Sediment yield = 48%.6581 kgsha
Sediment yield by particle class:

Particle size {(mm) a.258 B.833 8.884
Yield <kg-hal 135.1981 381 .96888 52.5432

- vagwasagwa_projssinulationsstestl>

Step 5: View the results

Viewing the KINEROS results is identical to looking at SWAT results. Click on AGWA

Tools>View KINEROS Results and choose the wkin1 watershed with the

c750 _73\c73:10yr60min simulation. KINEROS outputs are always identified by the simulation
name (directory) then by the combination of the parameter file name and the precipitation file

name. Select “Runoff (mm)” for the output.

[0l

0.0
0-0001 | ‘Watershed [wkin2 - . Set breakpoints
o1 [z =1(9] :

0.001

7ﬂ T ! Select Results ”JT/—/

0.001 -
0.001

o

IAfoouz. o | Simulstion [ o750 73ae7 31 Oyiblmin =] . H
: ®
o
i}

Standard YView
AFravaa | Dot [Runelf ] i | Slie

] wkin2 [~ Use the defined breakpoints far this watershed?

Time series view

| _/

B HoDoata Current tirne:

s el e
)
@
&
PEWORNS 2O

[ 1258 Compate simulations

| wswat
[ ]-32.458 o
[ =ze4rs--z3.
[ ]=2z488--18.
[ ]-18515--13.
13534 . -85
5.552- 357
3.571- 1.41
I 141 - 5302
I 2az2 - 1137
B Mo D ata

_| Malca?

I Forest

[ Cak i wodlar
I Mes quite W o
[ &rassland
[ Desertserub
B Riparian

I Agriculture .
B Vb ;
- |
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Step 6: Repeat for 1997 land cover

1. Re-run the land cover and soils parameterization, this time using the 1997 NALC data.
2. You do not need to re-generate a rainfall file.

3. Create a new simulation called c750_ 97 (AGWA Tools>Write Output File and Run
KINEROS). Create a new .par file. Name the file csa750_97.par.

4. View your results. Note that the patterns are similar in display, but the regional magnitudes are
different.

#2 Calculate Difference

Step 7: Compare 1997 and 1973 results

wihat will the output be called: |k|r19?_?3—
1. Click on AGWA Tools>View KINEROS Results

and perform the same steps you did with the

SWAT results to visualize the spatial patterns of Simulation 1 [c750_ 9742571 0yrlmin = Description
h logic ch .
ydrologic change LS
2. Name the output kin97-73, and fill in the screen Simulation 2 PEETRERE Description
like the one to the right so that you will be
viewing the difference between the model results
using the 1997 and 1973 land cover data. % PercentChange ¢ Ahsolute Change
E quation
3. Your results for runoff should look something like At = B - erdl e o e ol SN IE
the image below.
Cancel Help QK

4 Select Results B

i watmshed [z =] Sel breskpoints
1
t Simulaton [1ng7_73 =
3 :

Standarnd Yiew- 7
B R =T v =] | Updste ]

™ Use the defined breakpoints for this watershed?

1
|
=
=
=
|
[~ |
]
B orest )
— oodlar |
|
1
(|
||
[
|
-

What is driving this change in runoff? You can inspect the changes in the underlying land cover
and make some correlations. The driving forces behind the change are primarily decreases in
cover, surface roughness and infiltration.
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Some question to think about that may be answered using this multi-faceted approach:

a.

What regions of the basin have undergone significant change in their landscape
characteristics?

How have these changes in the spatial variability impacted runoff, water quality, and the
water balance?

Given spatially distributed changes in the water balance, what stresses (or benefits) are
placed on the plant community or habitat? Can we identify regions of susceptibility or
especially sensitive areas?

How may these tools be used in a forecasting model or land cover simulation scenario to
identify “at-risk” or sensitive areas?

How do the spatial patterns of change affect runoff response? How can we optimize
landscape and hydrologic assessment as a function of temporal and spatial scaling?

Some Additional Exercises to Try on the San Pedro

1.

Change the CSA to see how altering the geometric complexity impacts the simulation of
hydrology and landscape statistics.

Use the MRLC from the early 1990s to simulate runoff and compare it with the
commensurate 1992 NALC data to see how different land cover classifications affect the
results.

Use the nws_gages coverage to generate spatially-distributed rainfall for input to SWAT.
This approach will create a Thiessen map across the watershed and you will notice a
distinct south to north gradient in rainfall depths that affects the generation of runoff and
also impacts the change statistics.

Generate a variety of rainfall events for KINEROS and investigate the relative impacts of

land cover change on small vs. large return period storms. You should see a drop in
percent change with increasing rainfall. Why?
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