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Nutrient Loading from Agriculture is a Problem
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Poorly protected agriculture fields exposed to heavy rains in the fall and spring leak nutrients in water resources.
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http://farm9.staticflickr.com/8265/8680854243_427a438fed.jpg
https://bloximages.chicago2.vip.townnews.com/agupdate.com/content/tncms/assets/v3/editorial/2/b6/2b606398-781a-11e9-9861-f70ea135aebd/5cddc9ac4922a.image.jpg?resize=750,422
https://fivethirtyeight.com/wp-content/uploads/2018/05/koeze-flood-2.png?w=1024


Over a 
hundred 
million acres 
of cropland

Mississippi River Drainage Basin
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https://www.npr.org/sections/thesalt/2017/08/03/541222717/the-gulf-of-mexicos-dead-zone-is-the-biggest-ever-seen
https://www.noaa.gov/media-release/noaa-forecasts-very-large-dead-zone-for-gulf-of-mexico
https://www.desmoinesregister.com/story/money/agriculture/2019/06/24/nitrates-iowa-drinking-water-what-you-should-know-health-effects-cancer-well-water-farm-pollution/1547189001/


Cover Crop Solution

Source: Minnesota Corn Growers Association

Source: Union of Concerned Scientists

Cover Crop                                   No-till /Residue

Cover Crop in Corn Stover

What are cover crops…

• Typically cold season grasses or 
legumes 

• Planted on cultivated fields during 
the spring and fall when they are 
absent of a cash crop

Source: USDA - NRCS

https://www.mncorn.org/2019/06/10/cover-crops-a-popular-option-for-prevent-plant-fields-what-to-know/
https://blog.ucsusa.org/andrea-basche/cover-crop-challenges-a-reminder-that-in-agriculture-even-small-changes-can-be-hard
https://plants.usda.gov/about_cover_crops.html


Cover Crop Benefits

How are they helping…

• Cut fertilizer costs
• Reduce the need for herbicides
• Improve yields by enhancing soil health
• Prevent soil erosion
• Conserve soil moisture
• Protect water quality

Source: Sustainable Agriculture Research & Education
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https://www.sare.org/Learning-Center/Books/Managing-Cover-Crops-Profitably-3rd-Edition/Text-Version/Benefits-of-Cover-Crops#benefits
https://www.motherjones.com/environment/2017/08/cover-crops-iowa-maryland-farmers-nitrogen/


Practice Adoption Investment 

Source: USDA – Economic Research Service Source: USDA – Economic Research Service

https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=94846
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=88558


Iowa Cover Crop Investment
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Source: USDA – Census of AgricultureSource: Iowa Dept. of Agriculture and Land Stewardship & Environmental Quality Incentives Program
*Assumes $20 an acre cost share

$5.3 millions

593 
thousand 

acres

https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_State_Level/Iowa/st19_1_0047_0047.pdf
https://www.iowaagriculture.gov/press/2017press/press11162017.asp
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/


Objectives
This capstone project will:

• Measure the cover crop growth tied to cost 
share as a proxy for adoption in Iowa.

• Evaluate effectiveness related to reducing 
nutrient runoff from fields more susceptible to 
erosion over a five-year period in Iowa.

GROWTH - Quantity
1) Cover crop area of time
2) Overlapping areas
3) Spatial distribution of the practice (neighbors)

EFFECTIVENESS - Quality
1) Cover crops planted on areas prone to erosion
2) Cover crops proximity to vulnerable landscapes
3) Cover crops within cash crop rotation
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Remote Sensing with Google Earth Engine

Fast – leverage Google’s cloud 
computing  to analyze imagery 
in seconds

Catalog – access imagery 
(atmospherically corrected)  
and many other dataset

Customizable - Easy to 
automate process with 
JavaScript

Algorithms – perform raster 
math and other analyses on the 
fly



Project Workflow



Why these counties?

• Solid cloud free 
coverage for 4 to 5 
years (pink and 
orange areas)

Define an Area of Interest in Iowa



Normalized Difference Vegetation Index (NDVI)

Source: Agricolus

Previous research suggests…

• Using Landsat 8, vegetation can be captured 
using moderate (0.2-05) to high (0.6-0.9) NDVI 
thresholds, when discriminating against non-
vegetation and water (Taufik, et al, 2016). 

• Using Landsat 7, vegetative groundcover 
classes were established at minimal < low 0.29 
NDVI” (Hively, 2016).

https://www.agricolus.com/en/indici-vegetazione-ndvi-ndmi-istruzioni-luso/


Establishing seasonal vegetation thresholds

April-March 2018 (Spring) Cloud Free Composite



https://www.ewg.org/research/cover-crops-reducing-farm-
runoff-while-saving-soil

Scrub the data…

• Acres were filtered to only pass through 
contiguous areas greater than 10 acres

• Features classified as cover crops must 
maintain field shape characteristics

• Must exist atop corn or soybeans from 
Cropland Data Layer

• Filter with Common Land Units

Cleaning data for erroneous pixels

https://www.ewg.org/research/cover-crops-reducing-farm-runoff-while-saving-soil


Correlation with other cover crop data
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Layers for measuring effectiveness



Cover crop growth
Measure cover crop growth…

• Spatial distribution of cover crop areas

• Frequency of cover crops

• Temporal growth 



Expected results

Ideally, I’d like to see this practice growing on the landscape in areas that need it the most…

• Cost share accountability - Landsat derived acres having temporal alignment with cost 
shared acres.

• Investment is helping adoption - Cover crop growth outside of cost shared acre universe.

• Planting in areas that need the most help - Cover crops planted in most effective areas.



Continuing research

Leverage the framework to further study…

• Water quality - Can we quantify cover crop impacts through monitoring data.

• Weather impacts - Cover crop effectiveness in colder wetter regions.

• Deploy framework with Sentinel 2 – Available on GEE, sensor revisit more frequent and 
a higher resolution, catalog not as deep as Landsat.



Project Timeline
Tasks Oct-19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20

Write proposal

Finalize proposal

Run cover crop identification analysis

Finalize literature review

Clean and validate the results

Interpret and review the findings

Compile and summarize the findings

Develop a manuscript

Review period

Journal submission

Find validators

Approach journal for submission protocol
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