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WEPP Model Background

The Water Erosion Prediction Project (WEPP) model
predicts soil erosion and runoff from hillslopes and
small watersheds.

Process based model includes climate and crop
growth, channel processes, soil hydrology. No
fertilizers, pesticides.

Released in 1995. Major recent improvements for

bedrock restrictive layer, detailed winter freeze/thaw
by Shuhui Dun.

US Forest Service has developed online web tools for
roads, disturbed lands using hillslope WEPP.



WEPP GIS Options

Desktop GeoWEPP, based on ArcGIS is used to run
WEPP watershed applications. GeoWEPP is used by
the Forest Service to evaluate remediation after fires.

GeoWEPP requires ArcGIS expertise to prepare the
data layers.

The WEPP online interface for Great Lakes forested
watersheds provides an alternative to GeoWEPP.

More detailed followup simulations can be done with
GeoWEPP.

Focused on Forest Service applications, but can be
used for other land uses and for areas outside the
Great Lakes.



Objectives of Online GIS WEPP

Allow users to easily run WEPP watershed
simulations from standard web browsers.

Customize online WEPP soils and land use databases
for forest simulations.

Develop methods to efficiently run the WEPP
watershed simulations on servers.

Allow GIS data from other sites to be used, such as
USGS land use and NRCS soils data.

Make the server setup configurable so it can be
deployed on mirror sites.
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Default Landuse: | Bare j
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*Flowpaths are determined by TOPAZ model.

*Each grid cell mapped to WEPP soil loss value
on the profiles.

*518 WEPP runs cover this area.



Presenter
Presentation Notes
Each cell in the watershed is assigned a soil loss value from the WEPP simulation. The TOPAZ model defines the flowpaths and WEPP runs each single flowpath. The soil loss values are mapped back to a grid. WEPP is not a grid based model, external code handles keeping track of where the values should be placed and how to handle convergent flowpaths.


WEPP GIS Operations

Change land use and/or soil for a subcatchment.
Add a buffer to the end of a subcatchment.

Change USGS land use association with a WEPP
Input.

Add an impoundment to the end of a channel.
Select a different set of channel properties.



WEPP GIS Operations

Override soil or land use maps to evaluate potential
Impacts.

Reclassify outputs to different soil loss thresholds.

Apply PRISM climate adjustments to account for
elevation changes from a base climate station.

Vary the run type, all flowpaths (detailed) or
representative hillslope (watershed channels).



Modifying Land Use Areas
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*Burned area generates more erosion
*Sediment to channel 11.1 t/yr

*Area with buffer next to channel.
*Yellow cells indicates deposition.
*Sediment to channel 6.8 t/yr



Hillslope Erosion Output Map
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*Flowpaths are combined to create a
“representative” hillslope.

*Each subcatchment area has 1
representative hillslope.

*35 WEPP runs to cover the area
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Presentation Notes
This is an example of the representative hillslope erosion output. Each area is a subcatchment and is modeled as one wepp hillslope


Runoff Output Map

September 2011

oo S]]

Double-click to zoom in, and drag to pan. Hold down the shift key and drag to zoom to a particular region.

Zoom to Zip Code or City State: |

= -
A _1»‘?

Go |Example: Pullman, WA
'%Gb —

—
Hillslope Runoff

4 b. el Rd 2101 CoRd20 Piemepont-Canlon Hd aud Gounty Rt Runcé¥ 16.1 = 17.3 masr
X % ? Runc#é 17.3 - 18.4 mesur
+ 9%@ T Runof¥ 18.4 - 18.6 moyr
= RdAcoRd fia—( B puncrs 196 - 20.5 mwr
-— B RuncFt 20,5 - 21.9 maur
= B Runoff 2149 - 25,1 mmar
— B Runofd 231 - 243 e

Ill (] 3 B Runofd 2403 - 2504 o
= | Bl Runofé 254 - 285 mmour
= Il Runcéé 26.6 - 27.5 moyr
= = Start Over with Mew Area | Undo All Changes

¥ Show Legend

Minimum Source Channel Length {m):
60

Critical Source Area (ha): |4
Build Channel Network |

&

Edit Soil or Landuse Properiies

Change properties of hillslope
Add buffer to hillslope
Show hillslope information

F Change properties of channel

TAdd/Change impoundment at end of channel
Remove all impoundments
Reclassify Output Maps

Review Watershed

coon Al

¢ ——y Download Watershed Project
= o - L Save Watershed Project
Download Simulation Report

3 - Tgprmsof Us:
Model Results

Summary of Simulation Results WEPP Model Text Output Retumn Periods

Developers{Debug) Slope Steepness Frequency Analysis

Nearest station: CANTON WB CITY NY 8.4 miles (NY301185)

Climate Station: | CANTON WB CITY |

Default Soil: | Low sev fire siltloam{SL} j

Default Landuse: | Bare j

Simulation Type: | Watershed and Flowpaths j Years to Simulate Ii— (10 years maximum for Watershed and Flowpath, 100 years maximum for Watershed Only)

Soil Loss Tolerance (TVaIue)h (t/hafyr)  Run WEPP |




Major Software Pieces

OpenlLayers+Google Images+MapServer — Allows
user to locate area of interest, assemble grids,
visualize outputs.

GDAL — Geospatial Data Abstraction Library, GIS
processing functions.

TOPAZ — Performs DEM analysis, watershed
delineation, subcatchments, flow direction, channel
network.

Prepwepp — Builds WEPP inputs from grids, runs
WEPP model, produces output maps.



Software Architecture

e Client Web Browser OpenLayers
(JavaScript, HTML

<

° Server MapServer GIS

Custom C++ External GIS Web
Programs WEPP, TOPAZ, Mapping Services
SIS CLIGEN, GDAL (USGS, SSURGO,

Google)

Temporary Google NRCS

Local GIS
Data

Other Web
GIS Data

Modeling SSURGO Soils

Database

Map Image
Data Data



WEPP Watershed Inputs

Topography — Derived from USGS 30 meter DEM using
TOPAZ model.

Land Use — From USGS Landcover map, general types
are associated with WEPP management.

Soil — Built from SSURGO spatial and tabular data for
area of interest. Can also use local forest soils.

Climate — Generated from CLIGEN, can be adjusted
with PRISM grids to account for elevation differences.

Watershed channel structure — Determined from
TOPAZ.



WEPP Modeling

Simulation

DEM (NED) control file

Elowivectors Prepwepp — invokes WEPP for all
(TOPAZ) flowpaths and watershed

(representative hillslopes,
channels and impoundments)

Subcatchments
(TOPAZ)

Cligen

location Soil Grid Land use grid

Erosion Grids

Runoff Grid

Model Text
Output




Processing Flowpaths
Watershed layers

Grid based 30m DEM
Land Use Breaks

Grid based 30m land use
Grid based 30m soils / ‘l l
Cells from ‘Bm/ 'T‘

land use grid -

=&
Overlaid / H%D@ —
H

L]
cells frm L Soi Breaks
T
..f *DEM defines slope shape.
..l *Both the soil grid and land use grids
b define the OFE'’s.
lf *Grid cell id’s are associated with
.lf WEPP management and soil input files.

BR Can be changed by the user.



Land Use Choices

Shrubs ﬂ

Custorn Managemenis -
Forest
Mature forest

Thin nrinuni forest
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FPoor grass
Low severity fire
High severity fire
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Bare
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Mulch and till
Low traffic road
High traffic road
Agriculture
Barley, conventional tillage, Palouse
Barley, mulch tillage, Palouse
Barley. no till, Palouse
alfalfa with cuttings hd

Shrubs

e
Agriculture
Barley. conventional tillage, Palouse
Barley, mulch tillage, Palouse
Barley, no till, Palouse
alfalfa with cuttings
corn,soybeanwheat alfalfa(4yrs)- consv till
com,soybeanwheat alfalfa(4yrs)- conv till
cormn,soybeanwheat alfalfa(4yrs)- no till
corn,soybean-fall moldboard plow
corn.soybean-fall mulch till
corn.soybean-no till
corn,soybean-spring chisel plow
corn-fall moldboard plow
corn-fall mulch till
corn-no till
corn-spring chisel plow
fallow
fallow tilled

grass

crnvhaoan-fall maldhaord Al




Landcover Map
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Soil

Choices

: Shrub loam(SL)

~| TShrub loam(SL)

Custormn Soils
SS5URGO Soils
Carbondale muck

Potsdam-Tunbridge complex, 3to 15 percent slopes, very bouldery

Roundabout silt loam, 0 to £ percent slopes
Tunbridge-Lyman complex, 15 to 35 percent slopes, very rocky
Tunbridge-Lyman-Dawson complex, rolling, very rocky

Forest Soils
Bare Rock({5L)
Bunch Grass clay loam{CL)
Bunch Grass loam(SL)
Bunch Grass sandy loam(3)
Bunch Grass siltloam{SL)
Forest clay loam(CL)
Forest loam(SL)
Forest sandy loam(S)
Forest siltloam{SL)
High sev fire clay loam(CL)
High sev fire loam(L)
High sev fire sandy loam(S)

Y

=1 Forest Soils

— Bare Rock(SL)

Bunch Grass clay loam(CL)
Bunch Grass loam(5L)
Bunch Grass sandy loam(S)
Bunch Grass siltloam(SL)
Forest clay loam(CL)
Forestloam(SL)

Forest sandy loam(S)
Forest silt loam(SL)

High sev fire clay loam(CL)
High sev fire loam(L)

High sev fire sandy loam(3)
High sev fire silt loam(SiL)

EShrub loam(SL)

a

Young forest sandy loam(S)
Young forest silt loam(SL)

WEPF Database
ADAMS(LFS)

ADJIDAUMO(SICL)
AGAWAM(FSL)
ALBRIGHTS(SIL)
ALDEN(SIL)

ALLAGASH(FSL
ALLARD(SIL)

ALLIS{SIL)
ALTMAR(FSL)
ALTON(GR-5L)
AMBOY{VFSL)
AMENIA(SIL)
ANGOLA(SIL)
APPLETON(L)
AQUENTS(GR-LS)
ARKPORT(VFSL)
ARNOT{CN-SIL)

=
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e
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Presenter
Presentation Notes
Local database contains WEPP soils for each state. No spatial map.
General forest soils are provided. No spatial map.
SSURGO soils can also be used. SSURGO data elements are used to create WEPP soil files.
SSURGO soils are retrieved from NRCS server, includes both spatial and tabular data.
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Presentation Notes
Documenation: http://sdmdataaccess.nrcs.usda.gov/
WEPP Server requests for area of interest:
 A WMS image layer of soil polygons for display on the map. Image only, no extra data.
An XML file with map unit id’s, vertices of polygons. Real data used to build soil grid file.
Tabular soil parameters are read by sending query requests for specific map unit id’s.
Tabular soil parameters are used to build a set of WEPP soil input files.
PHP code used to send/receive requests to SSURGO server.



Server Implementation

e http://WEPPonlineGIS.puyallup.wsu.edu
O Server for Great Lakes WEPP watershed application

O Dell PowerEdge, 2-CPU Intel Quad cores, 8GB
memory, 250GB drive

O Ubuntu Linux
e http://milford.nserl.purdue.edu/

O General WEPP server for NSERL, hillslope and
watershed

O Custom built, 1-CPU Intel Quad core, 4GB memory,
150GB drive, 120GB SSD drive

O Gentoo Linux



http://wepponlinegis.puyallup.wsu.edu/�
http://milford.nserl.purdue.edu/�

Performance

Larger watershed area, including number of
flowpaths and number of representative hillslopes
Increases runtime.

Multiple OFE runs take longer. The more land use
and soil changes along a profile the longer the
simulation. Roughly linear.

Length of simulation, whether all flowpaths are
simulated.

Server setup, number+speed of CPU’s, hard disk
types, compiler used for WEPP.



Performance

e Run on NSERL server (Intel Quad core)

134 ha watershed, 35 hillslopes, 15 channels, 518
flowpaths, single soil and land use, 1 year run.

Concurrent Sessions Simulation Time (secs)

1 9
4 17
5 20

 Representative hillslopes only - < 1 second for 5
concurrent users.



Open Source Software Used

GDAL Software — Code to do GIS operations.
Openlayers — Frontend for multiple GIS layers.
MapServer — online GIS, vector, grid data.
GnuPlot — General graphing

TcPDF — Create PDF documents from PHP
PostgreSQL — Server database

Apache — Web server

PHP - Server side scripting



Conclusions

Web based approaches simplify WEPP watershed
setup.

Forest specific land use and soils can be merged with
existing data sets.

Performance is reasonable for small areas and
limited run times.

Detailed simulations still require desktop WEPP and
GeoWEPP.
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