






Zoning designations RLIS March 2021 
Nursery licenses ODA March 2021 

Crop Types 

Herrera used CropScape Cropland Data Layer (CDL) grids created by the U.S. Department of 
Agriculture (USDA) National Agricultural Statistics Service (NASS) to identify agricultural fields 
and crop types in the Clackamas River watershed from 2009 to 2011. The NASS CDL is a crop-
specific land cover dataset that is updated annually using several different sources of satellite 
imagery and remote sensing software to classify agricultural land into specific crop categories. 
The statistical classification accuracy of CDL datasets for dominant agricultural crop categories in 
the continental U.S. generally ranges from 85% to 95%; the CDL datasets obtained for the 
Clackamas River watershed had a classification accuracy of 81% in 2018, 82% in 2019, and 87% 
in 2020.  

It is important to keep in mind when interpreting the agricultural risk analysis results generated 
from CDL data that the pixel resolution of the grids is fairly coarse (30 meters), and crop type 
classifications have not been field verified. 

Pesticide and Fertilizer Application Rates 

Herrera used crop-specific fertilizer guides and pest and weed management handbooks 
developed by the Oregon State University (OSU) Extension Service to determine recommended 
fertilizer and pesticide application ranges to apply to each mapped crop type in the Clackamas 
River watershed. Rather than indicating specific amounts of fertilizers and pesticides that were 
actually applied on the ground, these guidelines were used to estimate the average amount of 
fertilizers and chemicals that could possibly be applied to each field by crop type if 1) 
recommended application guidelines are followed and 2) all acreages are treated with each 
fertilizer or pesticide. 

Actual applied fertilizer and pesticide rates at the individual field level are dependent on many 
different factors and may vary significantly from the application rates used in this analysis.   
Fertilizer application guidelines in particular are based in part on the results of site-specific soil 
testing, which was not possible to take into account in this analysis.  

CAFOs and Other Animal Activities 

The Oregon Department of Agriculture (ODA) and Oregon Department of Environmental Quality 
(DEQ) issue permits for small, medium, and large CAFOs in Oregon to “protect the quality of 
groundwater and surface waters of Oregon by preventing animal waste from discharging into 
waters of the state” (ODA and DEQ 2009). Herrera obtained the locations of three permitted 
CAFOs in the Clackamas River watershed from Oregon DEQ, as well as ten non-permitted 
locations. This data is current as of May 2021. 



An additional source of CAFO and other animal activity locations came from four source water 
assessments completed by Oregon DEQ and the Oregon Department of Human Services (DHS) 
with assistance from the Clackamas Basin Watershed Council in 2002-03. The purpose of these 
assessments was to identify surface water areas that supply public drinking water, identify 
sensitive areas, and potential contaminant sources that could adversely impact that source of 
water (Clackamas River Water Providers 2010). Over 1,200 potential contaminant sources (PCS) 
were identified in the Clackamas River Source Water Assessments and mapped in a GIS dataset, 
including approximately 200 animal-related activities in the Clackamas River watershed 
indicated as being of moderate to high risk to source water quality. This included additional 
unpermitted CAFOs, concentrated animal grazing areas, boarding stables, large kennels, and 
horse camps. Herrera extracted these animal-related activity locations from the overall PCS 
dataset for inclusion in the risk analysis. 

Nurseries and Greenhouses 

Nurseries and greenhouses are not included as a specific crop land cover category in the NASS 
CDL dataset. Herrera obtained the locations of nurseries, greenhouses, and Christmas tree 
grower licenses in the Clackamas River watershed directly from ODA. 

Vulnerable Soils and Irrigated Land 

The most prevalent source of agricultural water pollution is eroded soil and the pollutants 
attached to soil particles that are washed off of fields and into nearby water bodies (U.S. EPA 
2005). Oregon DEQ provided Herrera with a Highly Erodible Land (HEL) Class 1 dataset for 
Clackamas County that represents highly erodible soils to use in the agricultural activities risk 
analysis. The criteria used to determine soil erodibility is based on slope and K Factor, which is a 
calculated value representing both the susceptibility of soil to erosion and the rate of runoff. An 
HEL class of 1 represents highly erodible soils related to bare lands once crops have been 
harvested.  

The Oregon DEQ/WRD statewide water right agricultural irrigation areas data was also used to 
help identify potential source water quality impacts from irrigated land in the Clackamas River 
watershed. Inefficient or excessive irrigation can cause erosion, increase sedimentation, and 
transport nutrients, pesticides, and heavy metals to water bodies (U.S. EPA 2005). 

Methodology 

This section describes the GIS methods used by Herrera to identify agricultural fields, nurseries, 
and greenhouses and apply crop-specific pesticide and fertilizer application rates; map the 
locations of CAFOs and other animal activities and impacts; identify and map vulnerable soils 
and irrigated lands; and rank, weight, and overlay the datasets based on their impact to source 
water quality. 



http://nassgeodata.gmu.edu/CropScape


Clover and Wildflowers 9 0.02 21 0.05 177 0.43 

Oats 8 0.02 4 0.01 31 0.08 

Radish 3 0.01 0 0 0 0 

Dry Beans 2 0.01 31 0.07 129 0.31 

Grapes 2 0.01 15 0.04 49 0.12 

Sweet Corn 2 0 19 0.04 19 0.05 

Prunes 1 0 0.2 0 0 0 

Onions 1 0 0 0 3 0.01 

Turnips 0.5 0 0 0 4 0.01 

Cabbage 0.4 0 23 0.06 0 0 

Walnuts 0.4 0 0.5 0 13 0.03 

Strawberries 0.2 0 6 0.01 15 0.04 

Vetch 0.2 0 1 0 0 0 

Rye 0.2 0 0 0 0 0 

Apples 0.2 0 0 0 0.5 0 

Hops 0.1 0 14 0.03 20 0.05 

Barley 0.1 0 0 0 1 0 

Pasture and Grass 0 0 60 0.14 17 0.04 

Squash 0 0 59 0.14 3 0.01 

Cauliflower 0 0 15 0.04 8 0.02 

Peppers 0 0 11 0.03 9 0.02 

Beets 0 0 8 0.02 3 0.01 

Peas 0 0 5 0.01 13 0.03 

Canola 0 0 2 0 0.2 0 

Herbs 0 0 1 0 5 0.01 

Mint 0 0 0.8 0 5 0.01 







Mapped CAFOs and other animal activity locations by risk category are shown in Figure 3. 

Calculating Linear Distance to Nearest Tributary 

Herrera used stream centerline data to calculate the linear distance from agricultural activities in 
the Clackamas River watershed to the nearest tributary to the Clackamas River. This calculation 
was based on surface drainage only and does not consider existing agricultural ditches or other 
stormwater conveyance systems. 

Mapping Vulnerable Soils 

Sediment is the largest contaminant of surface water in the U.S. by weight and volume (Koltun 
et. al. 1997). Disturbing soil through tillage and cultivation and leaving it without vegetative 
cover can increase the rate of soil erosion (USDA 2006).  Herrera mapped HEL Class 1 soils data 
obtained from Oregon DEQ representing areas of highly erodible soils with rapid runoff 
potential in the Clackamas River watershed. This data was then overlaid with mapped 
agricultural activities and irrigated land to identify areas of highly erodible soils where 
agricultural production is concentrated. 

Calculating Aggregate Agricultural Activities Risk 

After Herrera mapped crop distribution and nurseries and greenhouses locations; estimated 
crop-specific fertilizer and pesticide application rates to apply to each field or nursery; mapped 
CAFOs, other animal activities, and fish hatcheries; calculated proximity of agriculture activities 
to Clackamas River tributaries; and mapped vulnerable soils and irrigated land, the next step 
completed was to rank and overlay the datasets together to determine aggregate risk from 
agricultural activities to source water quality in the Clackamas River watershed. Herrera 
produced two separate maps showing risk from agricultural activities in the watershed: 1) 
aggregate risk from fertilizers; and 2) aggregate risk from pesticides.  Low-to-high risk rankings 
were included in the Oregon PCS data for fish hatcheries and CAFOs and other animal activities 
and Herrera did not analyze potential risk from these locations any further; these results are 
shown in Figure 3.  Both the fertilizer and pesticide risk analyses incorporated HEL Class 1 soil 
data, irrigated land, and proximity to surface water as contributing factors to aggregate risk. 
These risk datasets were generated using the following methodology. 

First, the attributes for each individual dataset were assigned a ranking scheme on a scale of 1 to 
5, with a value of 1 indicating a low risk from agricultural activities to source water quality and a 
value of 5 indicating high risk. The ranking scheme for each dataset was determined by 
computing a histogram of the data distribution in GIS and then using statistical breaks in the 
data to assign relative risk rankings. For example, recommended application rates of the 
herbicide 2,4-D ranged from 0.48 to 3 pounds per acre depending on weed type and crops 
being treated, with statistical breaks in the data histogram occurring at 0.85, 1, and 1.5 pounds. 
This information was used to determine the 2,4-D risk factors  used in the aggregate pesticide 
risk analysis. 







RESULTS AND RECOMMENDATIONS 
Based on the results of this analysis, the top crops grown by acreage in the Clackamas River 
watershed between 2018 and 2021 were: 1) pastures and hay; 2) nurseries and greenhouses; 3) 
seed and sod grass; 4) blueberries; and 5) Christmas trees. Of these crops, the highest average 
rates of herbicides recommended for use are for nurseries and greenhouses, Christmas trees, 
and blueberries; for insecticides, nurseries and greenhouses, and Christmas trees; for nitrogen, 
pastures and hay, and seed and sod grass; and for phosphorous, Christmas trees and pastures 
and hay. It is important to keep in mind when interpreting the pesticide and fertilizer application 
rates data that this information does not indicate the amount of pesticides and fertilizers 
physically applied on the ground. Instead, this data is intended to help compare the relative 
amount of average fertilizers and pesticides recommended for application by crop type. 

As indicated in Figure 4A there are several regions with high potential aggregate risk to source 
water quality from fertilizer use in the Clackamas River watershed based on the GIS predictive 
modeling, including: 1) northwest of the City of Sandy, near the HWY 212/26 junction and 2) 
south of Clackamas River Road near the surface water intakes.  The largest high potential 
aggregate risk “hot spot” from pesticide uses as indicated in Figure 4B is the area northwest of 
the City of Sandy, primarily due to the concentration of nurseries and greenhouses located in 
this area. The most appropriate method for analyzing the risk analyses output maps is to focus 
on overall geographic risk trends rather than field-level results due to the many assumptions 
applied to  the risk analyses input data and the coarse resolution of the CDL crop type data. It is 
important to keep in mind that the agricultural activities risk estimates are predicted values only 
and do not necessarily reflect agricultural practices on the ground.  If a modeling effort is 
developed in the future to help to quanitfy pollutant loading from various sources, the GIS crop 
type and application rates data will serve as valuable model input.  

Herrera recommends that this GIS analysis be repeated every three to five years to account for 
changes in crop cover and the potential decommissioning of pesticides by U.S. EPA. An exact 
timeline for repeating this analysis should be determined based on the availability of updated 
pesticide detection data from water quality sampling in the watershed. 





http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-46X2M47-1&_user=10&_handle=V-WA-A-W-WD-MsSAYWA-UUA-U-AAVYUCWYDZ-AAVCZBBZDZ-YAUWCUWAD-WD-U&_fmt=summary&_coverDate=11%2F01%2F2002&_rdoc=7&_orig=browse&_srch=%23toc%235836%232002%23997009998%23354691!&_cdi=5836&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=599a8dde5aeff78cc7cf07a468b7a8bd
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-46X2M47-1&_user=10&_handle=V-WA-A-W-WD-MsSAYWA-UUA-U-AAVYUCWYDZ-AAVCZBBZDZ-YAUWCUWAD-WD-U&_fmt=summary&_coverDate=11%2F01%2F2002&_rdoc=7&_orig=browse&_srch=%23toc%235836%232002%23997009998%23354691!&_cdi=5836&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=599a8dde5aeff78cc7cf07a468b7a8bd
http://pubs.usgs.gov/wri/wri034145/
http://pubs.usgs.gov/sir/2008/5027/pdf/sir20085027.pdf
http://www.clackamasproviders.org/contacts/7.html
http://water.epa.gov/polwaste/nps/upload/2005_4_29_nps_Ag_Runoff_Fact_Sheet.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20637/fg30-e.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20629/fg18-e.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20648/fg79-e.pdf


http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/19064/em9010.pdf
http://extension.oregonstate.edu/catalog/pdf/em/em8978-e.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/19693/em9018.pdf
http://extension.oregonstate.edu/catalog/pdf/fg/fg63-e.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20639/fg68-e.pdf
http://www.oregon.gov/ODA/PEST/docs/pdf/97_07_fg9.pdf?ga=t
http://www.oregon-strawberries.org/attachments/strawberry_fertilizer_guide14-e.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20444/em8918.pdf


http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/12863/EM8856.pdf?sequence=3
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20624/fg13-e.pdf
http://www.cals.uidaho.edu/edcomm/pdf/CIS/CIS1135.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20632/fg28-e.pdf/
http://www.uiweb.uidaho.edu/wq/wqfert/cis758.html
http://www.eweb.org/public/documents/water/NPSassessment.pdf
http://berrygrape.org/winegrape-fertilization-practices-for-oregon/
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20433/em8907.pdf
http://pnwpest.org/pnw/insects?00INTR03.dat


http://pnwhandbooks.org/weed/
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20034/em8712-e.pdf
http://extension.oregonstate.edu/catalog/pdf/em/em8741.pdf
http://longbeach.wsu.edu/cranberries/documents/phosphorusforbearingcranberriesinnorthamerica.pdf
http://longbeach.wsu.edu/cranberries/documents/phosphorusforbearingcranberriesinnorthamerica.pdf
http://profact.rutgers.edu/Pages/toc.aspx
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/23762/FGNO024.pdf?sequence=1
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20755/pnw546.pdf


http://www.ers.usda.gov/publications/arei/eib16/eib16fm.pdf
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20480/em8943-e.pdf
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Figure 3. 
Potential risk from fish hatcheries, 
Confined Animal Feed Operations
(CAFOs) and other animal activities
in  the Clackamas River watershed
based on Oregon DEQ Potential
Contaminant Source (PCS) data.
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Figure 4A. 
Potential cumulative risk from 
fertilizers to drinking water quality
in the Clackamas River watershed
based on GIS predictive modeling.
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Figure 4B. 
Potential cumulative risk from 
pesticides to drinking water quality
in the Clackamas River watershed
based on GIS predictive modeling.
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