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Conservation Districts

● Established as a direct response to 
the Dust Bowl (1930s)

● Special purpose districts
○ locally governed
○ non-regulatory

● Most counties in the US have one
Credit: National Association of Conservation Districts



Local Partners

● Serve, educate and support 
local 

○ Farmers
○ Ranchers
○ Land managers

● Promoting stewardship
○ Protect land and water resources



Stewardship of Skagit County’s 
natural resources

● Clean water and healthy, 
productive landscapes

○ Farming
○ Forestry
○ Restoration
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Washington’s most productive 
agricultural counties
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Sustainable Agriculture & Soil Health

● Skagit is one of Western 
Washington’s most productive 
agricultural counties

● Agriculture puts pressure on soil 
health, water quality and habitat

● Work directly with farmers to 
voluntarily adopt practices to reduce 
impacts

○ Best Management Practices (BMPs)



Cover Crops
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Cover Crops
● Planted between cash crop 

cycles to overwinter fields
● A Farmers Best Management 

Practice to:
○ Promote erosion control 
○ Reduce runoff 
○ Maintain soil nutrient cycling and 

structure
○ Lower water pollution risks

● Indicator of conservation 
adoption



Project Goals

● Track cover crop adoption across 
Skagit County

● Identify long-term trends in 
conservation practices

● Compare known adopters (Skagit 
CD clients) against county-wide 
trends

● Deliver accessible education and 
outreach tools for farmers + 
landowners



Study 
Area
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Winter Data Acquisition

● November 1st - 
February 28th

○ Cover crops planted 
from September - mid 
October

○ Farmers typically plant 
cash crops starting in 
March
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40 Years of Data
Landsat 5 Sentinel 2



To determine Cover Crop Adoption we will look at
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Normalized 
Difference Vegetation 
Index (NDVI)

○ How green are 
the fields vs bare 
soil



Normalized 
Difference Tillage 
Index (NDTI)

○ Measures 
Crop Residue 

To determine Cover Crop Adoption we will look at



VH/VV (backscatter) Ratio

● VV (vertical-vertical) 
surface scattering 
(roughness)
○ Good for detecting 

bare soil
● VH (vertical-horizontal) 

volume scattering
○ Good for detecting 

vegetation
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VH/VV (backscatter) Ratio

● VV (vertical-vertical) 
surface scattering 
(roughness)
○ Good for detecting 

bare soil
● VH (vertical-horizontal) 

volume scattering
○ Good for detecting 

vegetation

To determine Cover Crop Adoption we will look at

Credit: NASA



The Sensors
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○ Long-term data

Credit: NASA
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The Sensors

● Landsat 5-9 — 1986 to present, 30m 
resolution 

○ USGS Earth Explorer
○ NDVI 
○ Long term data

● Sentinel-2 — 2017 to present, 10m 
resolution

○ Copernicus
○ NDVI + NDTI

● Sentinel-1 SAR — Cloud-penetrating 
C-band radar 

○ ASF HyP3
○ VH/VV ratio

Credit: Cai, J., Huang, B., Liu, H. Fusing Sentinel-1 and Sentinel-2 
data with diffusion models for cloud removal, Remote Sensing of 
Environment. 2025. https://doi.org/10.1016/j.rse.2025.115049.



Sensors Strengths & Tradeoffs

● Landsat: temporal depth
○ 40+ years of continuity

● Sentinel-2: spatial detail
○ sharpest optical imagery

● Sentinel-1 SAR: cloud cover 
penetration

○ Critical for PNW winters
● Together: complete seasonal and 

historical coverage



Methodology



Image Processing

● When available, make 
composites of all images 
from same sensor and winter 
(nov 1 - feb 28)

Satellite Acquisition Days By 
Sensor and Winter Year



Image Processing

● Apply Cloud and Snow 
masking 

● Calculate NDVI 
○ distinguish bare soil 

vs vegetated surface
● Calculate NDTI 

(Sentinel-2 only)
○ added tillage 

discrimination
● Calculate VH/VV ratio 

(Sentinel-1 SAR)

*Anthropic AI was used to assist with Python coding 
for image processing



Image Processing

● Create True and False Color composites
○ For final story/web map output



*Image created using Anthropic AI



NDVI =  (B05 - B04) 
      (B05 - B04)

NDVI =  (B08 - B04) 
      (B08 - B04)







Ground Truthing: Skagit CD Client Data

● Skagit CD client 
records

○ landowners with 
documented cover crop 
adoption

● Attempted to use as 
spatial validation 
against classified 
imagery



Ground Truthing: Skagit CD Client Data

● Skagit CD client records
○ Fields with documented cover crop adoption

● Attempted to use as spatial validation 
against classified imagery

● Location accuracy insufficient for reliable 
field-level validation

● Positional error too large relative to 10-30m 
pixel resolution

*Image created using Anthropic AI



Noted Limitations
● Study area defined from WSDA 2024 

layer
○ Fields converted to/from agriculture not 

fully captured
○ Field are regularly rotated for cash crop 

type (not consistently one type)
● Cloud and snow cover limit imagery 

availability 
○ Do not have imagery for every winter

■ 1988-1992, 1995, 2022
■ 2022 mitigated with Sentinel-1 SAR 

integration
○ 2006 had near total data absence - looks like 

low adoption
● Cross sensor classification introduces 

uncertainty in results agreements
● Ground truthing data not reliable - 

actual fields not recorded



Results
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Findings
● Significant Cover Crop adoption over the 

last 40 years (Landsat)
○ Not a significant change in the last 10 

years according to Sentinels 1 and 2
● Year 2023 was a particularly low Cover Crop 

year across all sensors and variables



A Note on the Year 2023 Trend

● Fall 2022 was a Whipsaw
○ Extremely warm October (warmest on 

record in WA) to an unseasonably cold 
November (5th coldest on record in 
WA)

● Wildfire smoke remained in Skagit 
Valley through mid October

○ Air quality was low
○ Cover crop planting would occur in Sept 

- October

Credit: Modis - October 19, 2022



Possible Future Applications

● With more reliable cover crop 
adopters data

○ Track real time cover crop use
● Coordinate with Skagit County & 

Washington Dept of Ecology to 
compare stream pollution and runoff 
to years with higher or lower Cover 
Crop use



Next Steps Outreach!



THANK YOU!


