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Overview 



 Erosion Vulnerability Assessment for 
Agricultural Lands 

 Developed by WDNR 

 GIS-based model 

 Vulnerability to erosion and nutrient export 

 Deprioritizes internally draining areas 

 

 

http://dnr.wi.gov/topic/nonpoint/evaal.htm
l 
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 Differentiate between 
real and “fake” 
depressions 

Classic case 



• Completely 
round… 
 

• Don’t bother 
trying to cut 
these 



 Different approaches: 
◦ Geolocate culverts in your area of interest in the 

field, prior to digitizing 

 

◦ View aerial photos and base maps while creating 
the culvert layer 

 

◦ After creating a culverts layer, field verify 
questionable areas 

 

 





Create culvert cut line 
with two points, the first 
being higher elevation 
than the second 





http://nassgeodata.gmu.edu/CropScape/ 
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10 meter resolution 

http://datagateway.nrcs.usda.gov/ 





 Sheet and rill erosion 

𝐴 = 𝑅𝐾(𝐿𝑆)𝐶𝑃 

Constant Constant 

𝐴 = 𝐾(𝐿𝑆)𝐶 

SSURGO 
soils 

DEM Cropland data layer 

• Rainfall erosivity 
• Soil erodibility 
• Slope/Slope-Length 
• Cover factor 
• Practice Factor 





 Potential for gully erosion 

SPI = 𝑓(slope, catchment area) 



 Areas that do not contribute to surface waters 

Depression (sink) on the  
landscape 

Vs 

VR 

Stream 

VR > VS 

 
𝑽𝒔 ≥ 𝑽𝒓, 𝑰𝒏𝒕𝒆𝒓𝒏𝒂𝒍𝒍𝒚 𝒅𝒓𝒂𝒊𝒏𝒆𝒅

𝑽𝒔 < 𝑽𝒓,𝑵𝒐𝒕 𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍𝒍𝒚 𝒅𝒓𝒂𝒊𝒏𝒆𝒅
 

10-yr, 
24-hr 







 Areas that do not contribute to surface waters 
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Erosion Vulnerability Prioritization 



 
𝐴 = 𝐾(𝐿𝑆)𝐶 

Cropland data layer 

SNAP-Plus -> Rotation C Factor 

Crop Rotations 

Poor Good 
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 Relative erosion vulnerability across 
watershed 
◦ Normalizes USLE & SPI prior to calculating 

vulnerability index 

 
 What does this mean? 
◦ Cannot compare values from different watersheds 
◦ Look at relative values for one run 

 
 How to compare across watersheds? 
◦ Merge USLE and SPI layers prior to running erosion 

vulnerability 

 



 Windows operating system 

 ArcGIS Desktop 10.x 

 ArcGIS Spatial Analyst 10.x 

 1.5 GB RAM minimum 

 

 Does not require any installation, but does 
need write access to file folder 



 We can’t model what we don’t know 
◦ Tillage 

◦ Manure application 

◦ BMPs 

 Erosion must be driving factor  

 Does not account for delivery factors or tile 
drainage 

 Cannot “target”, rather “prioritize” 



 Documents 

 Tutorial Data 

 ArcToolbox 

 

http://dnr.wi.gov/topic/nonpoint/evaal.html 





How to use the model 



 Check folder permissions 

 

 Check ArcMap versions 

 

 Where to download EVAAL 

 

 Load EVAAL toolbox and Spatial Analyst 
Extension in ArcMap 



 Need permission to Read & Write 





http://dnr.wi.gov/ 

http://dnr.wi.gov/










 Coordinate projection 

 

 Watershed & buffered watershed 

 DEM 

 

 gSSURGO 

 

 Culverts 



 EVAAL requires all datasets to be in Wisconsin 
Transverse Mercator projection (meters) 
◦ EPSG: 3071 

◦ NAD_1983_HARN_Wisconsin_TM 

◦ NAD_1983_HARN_Transverse_Mercator 

 

◦ ftp://dnrftp01.wi.gov/geodata/projection_file/ 

 

 

ftp://dnrftp01.wi.gov/geodata/projection_file/
ftp://dnrftp01.wi.gov/geodata/projection_file/




 HUCs: 
ftp://dnrftp01.wi.gov/geodata/WI_WBD_HUCs/ 

 

 WHD-plus: 
ftp://dnrftp01.wi.gov/geodata/hydro_va_24k/ 

 

 USGS: http://viewer.nationalmap.gov/viewer/ 

 

 USDA: https://gdg.sc.egov.usda.gov/ 

 

 

ftp://dnrftp01.wi.gov/geodata/WI_WBD_HUCs/
ftp://dnrftp01.wi.gov/geodata/WI_WBD_HUCs/
ftp://dnrftp01.wi.gov/geodata/hydro_va_24k/
ftp://dnrftp01.wi.gov/geodata/hydro_va_24k/
http://viewer.nationalmap.gov/viewer/
http://viewer.nationalmap.gov/viewer/
http://viewer.nationalmap.gov/viewer/
https://gdg.sc.egov.usda.gov/
https://gdg.sc.egov.usda.gov/






 Mosaic to New Raster 
Tool 
◦ Specify Pixel Type the 

same as input rasters 



https://gdg.sc.egov.usda.gov/ 

https://gdg.sc.egov.usda.gov/






 Create empty feature class 





 Create depression raster 

 

 Add additional layers 

 

 Draw culverts 

 

 Run steps 1 thru 2c 
◦ Review internally draining areas 

 Add more culverts if necessary 

 Repeat steps 1 & 2c 



 Fill DEM 



 Subtract filled DEM from raw DEM 



 Aerial photo basemap 

 Streams 

 Roads 

 

 Others 
◦ Wetlands 

◦ Lakes 

 

 

 



 Main idea: input culverts to areas that are 
drained by culverts, bridges, etc. 
◦ Find sinks that are likely drained by culverts 

◦ Create a line that represents a culvert  

◦ Repeat 

 

◦ NOTE: this can be a difficult and iterative process. It 
will  take some time to get right and will involve a 
number of judgment calls. 

 

 

 



 Zoom in to depression area 

 Look for evidence of channel/culvert 



 Turn on raw DEM 

 Draw culvert line 
◦ Upstream to 

downstream 

◦ First point of line 
must be higher 
elevation than 
second point 







Conditioned DEM 
“DEM_cond” 

Optimized Filled DEM 
“DEM_opfill” 



ftp://hdsc.nws.noaa.gov/pub/hdsc/data/mw/ 

ftp://hdsc.nws.noaa.gov/pub/hdsc/data/mw/


Precipitation Frequency-Duration 
“precip_10_24” 





Curve Number (high estimate) 
“CN_high” 

Curve Number (low estimate) 
“CN_low” 





Internally Draining Areas 
“IDA” 

DEM excluding internally draining areas 
“DEM_exIDA” 





Reconditioned DEM excluding IDAs 
“DEM_recond” 





Stream Power Index 
“SPI” 







Erodibility Factor (K) 
“kfactor” 





Generalized Crop Rotations 
“rotations” 



Cover Factor (C) – high estimate 
“C_high” 

Cover Factor (C) – low estimate 
“C_low” 





Soil Loss 
“soilloss” 





Erosion Vulnerability Index 
“EVI” 





Erosion Vulnerability Index by field 
“EVIfield” 





 Input data incorrectly projected 



 Must have “write” permission to EVAAL-
master folder  
◦ Temp files are stored in scratch.gdb 

 

 No special characters in path name (., &, /, 
etc.) 
◦ Better to also have no spaces 



 Unnecessary culverts 

 Wrong orientation 

 Need to have at least one in the watershed 

 No culvert lines outside the watershed 

 



 Limit is approximately 75 km2 or 30 mi2 

◦ Actual limit is number of grid cells in raster, so can 
run into problems with long narrow watershed, or 
irregular shaped watershed 



 Clipping upper parts of watershed at county 
line 

 Not providing an actual watershed 



 “holes” in outputs that are not internally 
draining areas 
◦ Kwfact is blank in soils database tables 

◦ Often “udorthents” 



 If you get an error, try downloading and using 
the Development version 
◦ Bugs are fixed there first 



On your own 



 Visualize results by field boundaries 
◦ Run Zonal Statistics on SPI and soil loss rasters 

using field boundaries as zones 

◦ Join resulting tables with field layer  

◦ Symbolize by mean value 

◦ Select top 10% of fields 

SPI USLE 



 Mitigation Opportunity 
◦ Re-run soil loss with low C factor 

◦ Subtract soil loss (low) from soil loss (high) 

◦ Run Zonal statistics and join to field table to 
visualize by fields 



 Sensitivity of IDAs to precipitation 
◦ Re-run Step 2a using a different frequency and 

duration 

 How different is the precipitation amount? 

◦ Re-run Step 2c to see difference in IDAs 

 Do results make sense? 



 Use BMP layer to deprioritize areas where 
practices are already in place 
◦ Create BMP layer (new polygon feature class) 

◦ Re-run Step 3 with BMP input 

◦ See how this changes SPI, soil loss, EVI results 
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