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https://www.midwestcovercrops.org/2019/01/28/iowa-cover-crop-recipe-post-corn-going-soybean-use-cereal-rye/
https://www.midwestcovercrops.org/2018/12/10/north-dakota-cover-crop-recipe-starting-cover-crops/
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Objectives
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Quantify 
Cover Crop 
Adoption

Validate Seeding Date 
Recommendations

Assess 
Hydrologic 
Impact

Image Credit: Daniel H. Smith

https://www.midwestcovercrops.org/2020/01/08/wisconsin-cover-crop-recipe-post-corn-silage-going-corn-use-cereal-rye/
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NASA Satellites & Sensors
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Landsat 8 OLI

Terra MODIS Landsat 9 OLI-2

Aqua MODIS
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Normalized Difference

Vegetation Index (NDVI)

Image credit: NASA

Terrain & Hydrology
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Study Area
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Door – Kewaunee

•Highest cover crop adoption

Manitowoc – Sheboygan

•Highest stability in GDD & first frost 
trends

Ozaukee – Milwaukee

•Highly developed, lowest cover crop 
adoption, & greatest temperature 
variability

Racine – Kenosha

•Longest growing season & warmest 
climate
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Study Period
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First Thaw

May-Aug GDD 
accumulation & 

crop growth

First Frost

Sep-Apr 
Winter Cover 
Crop Season

Annual
Agro-climactic cycle

Cover Crop 

Biogeochemical 

Cycle

Nutrient 
mobilization & 

microbial 
reactivation

Peak 
photosynthesis, 

carbon 
sequestration, 

& N fixing

Organic matter 
accumulation, 

microbial 
activity 

decreases

Cover crops 
stabilize soil & 

retain nutrients

2000-2024, capturing year-to-year 

variability in growing degree days & 
seeding windows along with long-term 

climactic impacts

MODIS

• 2003-2024

• Terra: 10:30 AM, Aqua: 1:30 AM

SRTM DEM

• February 11-22, 2000

• Static elevation dataset

Landsat

• 2003-2024

• 16-day revisit, 30 m resolution
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Methodology
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AnalysisProcessingAcquisition Output

MODIS Land Surface 
Temperature

Data quality filtering + 
weekly image 

composites
Frost Date Time Series

Frost date accumulation + 
trend analysis
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Methodology
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AnalysisProcessingAcquisition Output

MODIS Land Surface 
Temperature

Daymet V4 Daily 
Surface Weather

Landsat 8 and 9

USDA NASS Cropland 
Data Layer

Cloud masking + NDVI

Data quality filtering + 
weekly image 

composites

Winter cover crop mask
Winter crop validation + 

NDVI filtering

Gridded air temperature 
+ lakeshore binary mask 

+ classify land cover

Cover Crop Time Series 
Map

GDD Timeseries

Frost Date Time Series
Frost date accumulation + 

trend analysis

JRC Global Surface 
Water

USGS National Land 
Cover Data 2021

GDD accumulation + 
proximity analysis + urban 

Heat Island effect 
assessment
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Methodology
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MODIS Land Surface 
Temperature

Daymet V4 Daily 
Surface Weather

Landsat 8 and 9

USDA NASS Cropland 
Data Layer

SRTM DEM 30m

Cloud masking + NDVI

Data quality filtering + 
weekly image 

composites

Winter cover crop mask

Gridded air temperature 
+ hydrologic model

Winter crop validation + 
NDVI filtering

Gridded air temperature + 
riparian buffer + nutrient 
retention concentration

Hydrologic 
Monitoring Map

Gridded air temperature 
+ lakeshore binary mask 

+ classify land cover

Cover Crop Time Series 
Map

GDD Timeseries

Frost Date Time Series
Frost date accumulation + 

trend analysis

AnalysisProcessingAcquisition Output

JRC Global Surface 
Water

USGS National Land 
Cover Data 2021

GDD accumulation + 
proximity analysis + urban 

Heat Island effect 
assessment
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Methodology
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AnalysisProcessingAcquisition Output

MODIS Land Surface 
Temperature

Daymet V4 Daily 
Surface Weather

Data quality filtering + 
weekly image 

composites

Gridded air temperature 
+ lakeshore binary mask 

+ classify land cover
GDD Timeseries

Frost Date Time Series
Frost date accumulation + 

trend analysis

JRC Global Surface 
Water

USGS National Land 
Cover Data 2021

GDD accumulation + 
proximity analysis + urban 

Heat Island effect 
assessment
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Results – First Frost (32°F) Spatial Analysis
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Results – First Hard Freeze (28°F) Spatial Analysis 
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Results – First Frost (32°F) Time Series
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15 300
Miles

Sheboygan County
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Ozaukee County

Milwaukee County

Manitowoc County

Kewaunee County

Kenosha County

Door County

County Name

Sources: Esri; U.S. Department of Commerce,
Census Bureau; U.S. Department of  
Commerce (DOC); NASA ORNL DAAC;  
JRC Global Surface Water 1.4
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Results – First Hard Freeze (28°F) Time Series

Wisconsin Agriculture

15 300
Miles

Sources: Esri; U.S. Department of Commerce,
Census Bureau; U.S. Department of  
Commerce (DOC); NASA ORNL DAAC;  
JRC Global Surface Water 1.4
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Results – First Frost Trend Analysis
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Results – First Frost Trend Analysis
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Results – First Frost Trend Analysis by County
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Results – First Frost Trend Analysis by County
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15 300
Miles

Results – Growing Degree Day Time Analysis

Sources: Esri; U.S. Department of Commerce,
Census Bureau; U.S. Department of  
Commerce (DOC); NASA ORNL DAAC;  
JRC Global Surface Water 1.4

Calculate Distance 
from Lake Michigan

Extract Daily 
Temperature Data

Compute Mean 
Seasonal 

Temperatures

Generate Distance-
Temperature 
Scatterplots

Greatest variability in 
Milwaukee + Ozaukee 

county

45

46

47

48

49

50

51

52

0 5 10 15 20 25

M
e

a
n

 T
m

a
x
 (

°F
)

Distance from Lake Michigan (miles)

Distance vs Mean Maximum Temperature

by County (Sept 1 - Apr 16, 2006 - 2024)

Kenosha Racine Milwaukee Ozaukee

Sheboygan Manitowoc Kewaunee Door

30

31

32

33

34

35

36

37

38

0 5 10 15 20 25

M
e

a
n

 T
m

in
 (

°F
)

Distance from Lake Michigan (miles)

Distance vs Mean Minimum Temperature

by County (Sept 1 - Apr 16, 2006 - 2024)

Kenosha Racine Milwaukee Ozaukee

Sheboygan Manitowoc Kewaunee Door

Sheboygan County

Racine County

Ozaukee County

Milwaukee County

Manitowoc County

Kewaunee County

Kenosha County

Door County

County Name



Results – Urban Heat Island Effect
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Results – Growing Degree Day Time Series
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Results – Mean Cover Crop Adoption Map
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Results – Hydrologic Model
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Results – Hydrologic Model
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Results – Hydrologic Model
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Uncertainties – First Frost Time Series
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Cloud Cover Analysis
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Uncertainties – First Frost Time Series

Wisconsin Agriculture
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Uncertainties – Growing Degree Days

Wisconsin Agriculture

Station-years & Filtering

24 stations 19 years 456 total
Filter >20 

days 
missing

Error Distribution: Daymet vs NOAA GDD
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Uncertainties – Growing Degree Days

Wisconsin Agriculture

Validation Metric Result

Mean Bias -20.9°F·day

Relative Error 15.8%

Sample size(n) 311

Systemic underestimation 

of ~20.9°F·day 

Notes on statistical 

comparison:

Linear Regression analysis 

between NOAA & Daymet

Daymet shows moderate 

agreement with ground 

stations (r = 0.499)
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Uncertainties – Hydrologic Model

Wisconsin Agriculture

•Cover crop phenology 
variability

•Soil chemistry data

•Subsurface hydrology

Biogeo-
chemical

•Static SRTM DEM & 
MERIT DEM

•Winter cover crop 
zones vary in 
management

•1 watershed as proxy

Spatial

•Study period prioritizes 
peak winter cover 
crop growth

•Absence of year-to-
year variability
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Conclusions

Wisconsin Agriculture

First Frost: Increasing trend 
in week of first freeze 

along lakeshore

Growing Degree Days: 
Southern counties 

accumulate ~300°F·day 
more GDD with high inter-

annual variability

Cover Crop Adoption: 
Increased cover crop 
adoption over 20-year 

period

Hydrologic Impact: Strong 
correlation between cover 

crop adoption and 
terrestrial nutrient retention 
productivity/water quality

Key 
Findings

A field with plants growing out of it

AI-generated content may be incorrect.

Image Credit: MCCC, DeAnn Presley 

https://www.midwestcovercrops.org/2020/05/21/kansas-cover-crop-recipe-post-corn-going-soybean-use-cereal-rye/
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Feasibility and Partner Implementation

Wisconsin Agriculture

Seeding Dates

Historical, 

annual frost 

date trends

inform future 

growing 

seasons

Lake Effect

Cover crop 

GDD 

decreases 

further inland

Cover Crop 

Adoption

Spatial 

representation 

of cover crop 

accumulation

Environmental 

Impact

Framework to 

monitor cover 

crop impact 

on water 

quality
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