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Land cover mapping - Cropland Data Layer (CDL) 

* 2008 – 2016 publically available

* 2017 in the works

* 2008 and 2009 being reprocessed from 56m to 30m
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Available satellite imagery 2017: June 16 – 22





August with some FSA data overlaid

Classification
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False Color IR Imagery

April

May

June

July Final CDL

FSA Ground Truth

Final Classification



USDA, National Agricultural Statistics Service, 2014 Colorado Cropland Data Layer

STATEWIDE AGRICULTURAL ACCURACY REPORT

Crop-specific covers only  *Correct  Accuracy   Error   Kappa

------------------------- ------- -------- ------ -----

OVERALL ACCURACY**        2,630,488     85.5%   14.5%   0.812

Cover                    Attribute  *Correct  Producer's  Omission            User's  Commission  Cond'l

Type                          Code    Pixels   Accuracy     Error   Kappa   Accuracy      Error    Kappa

---- ---- ------ -------- ----- ----- -------- ----- -----

Corn                             1    419737     90.76%     9.24%   0.895     90.22%      9.78%    0.889

Sorghum                          4     83214     62.32%    37.68%   0.611     64.72%     35.28%    0.635

Soybeans                         5      1058     43.25%    56.75%   0.432     72.47%     27.53%    0.724

Sunflower                        6      5760     39.64%    60.36%   0.395     70.61%     29.39%    0.705

Barley                          21      7176     71.52%    28.48%   0.715     81.00%     19.00%    0.810

Winter Wheat                    24   1100020     93.26%     6.74%   0.905     94.21%      5.79%    0.918

Millet                          29     75109     67.86%    32.14%   0.671     76.85%     23.15%    0.762

Alfalfa                         36    196153     89.75%    10.25%   0.891     85.60%     14.40%    0.848

Other Hay/Non Alfalfa           37     84626     63.33%    36.67%   0.624     85.92%     14.08%    0.854

Sugarbeets                      41      4679     63.13%    36.87%   0.631     90.28%      9.72%    0.903

Dry Beans                       42      9406     62.72%    37.28%   0.626     69.54%     30.46%    0.694

Potatoes                        43      6104     89.74%    10.26%   0.897     93.79%      6.21%    0.938

Fallow/Idle Cropland            61    625989     88.08%    11.92%   0.855     89.23%     10.77%    0.869
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Accuracy Assessments







ϭϬ sites aŶd so forth….
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Acreage Regression Estimation

16We don’t just “pixel count” from CDL to estimate acreage
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SAS-based Regression Estimate system

à la Bob Seffrin



County Estimates

• Use Battese-Fuller estimator with nested design

• Apply state-strata level regression parameters

• Adjust intercept based on segments in county

• Ag Statistics Districts Est = Sum of County Estimates



30m Sentinel-2a 30m Landsat 8

93.9 93.8

Classification comparison #1
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10m Sentinel-2a 15m Sentinel-2a

94.2 94.0

Classification comparison #2
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60m vs 15m regression analysis - corn
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CDL Applications
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https://worldview.earthdata.nasa.gov/



Hail example



MODIS Imagery - Snow event



MODIS Imagery - Flood event



NDVI =
(NIR + VIS)

(NIR – VIS)

NIR = near-infrared band

VIS = visible band

Calculation and use of NDVI

Ranges from -1.0 to 1.0

NDVI is a related to:

• Plant health

• Chlorophyll content

• ͞Greenness͟
• Amount of Biomass

• Vegetation vigor

• Yield!



MODIS NDVI 8-day composite imagery example

Lighter shades, greater NDVI
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Real-time tracking of NDVI



NASS recent efforts on remote sensing of crop yields
• Premise

– Positive relationship between crop yield and 
biomass – plant vigor - ͞greenness͟ - NDVI

– Negative relationship between crop yield and 
land surface temperature

• Utilize time-series MODIS satellite data to 
obtain biomass and temperature 
estimates throughout the growing season

– Use Cropland Data Layer to isolate known crop 
areas

– Then use them in an empirically-based prediction 
model based on historical imagery and NASS 
county-level yield statistics

• Run model at National, State, and County 
levels

– Integrating over season approach

– Using decision trees (Rulequest Cubist)

– Corn and Soybeans operational currently

• Perform within crop season at monthly 
intervals

Must be timely, accurate, and useful 33



IŶtersectiŶg of crop ͞ŵask͟ with tiŵe-series of 

MODIS data

CDL Isolate crop of interest

Intersect crop mask with MODIS time series and then spatially average those pixels 34



County-level time-series database has been built
2006 -> present

Every eight day “window” through the 
growing season

• Observed average value of 
NDVI

• Observed average value of 
LST 

For every county we also know
• NASS published yield

35



Normal year

Map Output

36



Johnson, 2014Drought year

Map Output
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Localized example of yield map variability

Scene of a large hailstorm
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Landsat image Modeled yields from MODIS



USDA Foreign Agricultural Service/NASA GLAM
https://glam1.gsfc.nasa.gov/

Highly already customized tool for time series analysis and display 39



Also, shifting to a simpler model construction

Integrate NDVI 

chart

year yield andvi

2002 129.3 1.749

2003 142.2 1.765

2004 160.3 2.106

2005 147.9 2.024

2006 149.1 2.104

2007 150.7 2.08

2008 153.3 2.07

2009 164.4 2.324

2010 152.6 2.082

2011 146.8 2.105

2012 123.1 1.637

2013 158.1 2.179

2014 171 2.44

2015 168.4 2.382

2016 174.6 2.477

y = 56.149x + 34.785

R² = 0.927
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Calculate area under the 

curve, over a threshold 

and relate to past years.

Find Optimal 
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USA national-level simplistic corn yield model
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State-level simplistic yield modeling

42

Standard Error 4.9836Standard Error 9.4601Standard Error 6.1590

R² = 0.8167
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County-level simplistic yield modeling 
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Standard Error 10.41041 Standard Error 6.31143 Standard Error 9.377654

R² = 0.8211
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Map output still possible

44



AŶd easy to create tiŵe series…

45



Summary of Remote Sensing for Crop 

Production Estimation
• Strengths

– Good areal coverage

– Solid temporal coverage

– Many free data sources

– Better sensors on the way

– Little data latency

– Fine spatial detail

– Simple statistical models seem to be as good as complicated ones

– Cheap computing and analytics has been a boon

• Weaknesses
– Computationally intensive

– Integrative skill set required

– Calibration of datasets always ongoing

– Measurement uncertainties difficult to quantify

– A variety of noise sources are present

– No long-term history

– In situ validation lacking

– Past utility was oversold

David M. Johnson, Geographer
BLS Data Quality Workshop, December 1, 2017

dave.johnson@nass.usda.gov
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Sentinel-2 vs Landsat 7 & 8 spectral bands

48



ℎ ݕ = �ℎ ℎ ݕ + ܾ  ℎ �ℎ − ℎ Acreage estimate for a crop in stratum hݔ

�ℎ = ݎܾ݁݉ݑ� ݂݋ ݁݉ܽݎ݂ ݏݐ݊݁݉݃݁ݏሺݏݐ�݊ݑ �݊ ℎ �ݏ݁ݎܿܽ ݈݁ݔ�݌ ݊݋ ݐ݊݁݉݃݁ݏ ݊� ݏ݁ݎܿܽ ݂݋ ݊݋�ݏݏ݁ݎ݃݁ݎ ℎ݁ݐ ݂݋ ݁݌݋݈� = ℎܾ ݎ݁ݒ݋ܿ ݌݋ݎܿ ݂݋ ݏ݁ݎܿܽ ݀݁ݐݎ݋݌݁ݎ ݂݋ ݐ݊݁݉݃݁ݏ ݎ݁݌ ݊ܽ݁݉ �࢒࢖࢓�࢙ = ℎ ݕሻ݁݉ܽݎ݂ = ࢔࢕�࢚�࢒࢛࢖࢕࢖ ݉݁ܽ݊ ݏ݈݁ݔ�݌ ݏ݁ݎܿܽ �݊ ℎݔݐ݊݁݉݃݁ݏ = �࢒࢖࢓�࢙ ݉݁ܽ݊ ݏ݈݁ݔ�݌ ݏ݁ݎܿܽ �݊  ݐ݊݁݉݃݁ݏ



Estimate of county total for a crop, stratum

1)  if σ²within = 0, use δ = 1, 
2)  if σ²between = 0, use δ = 0,
3)  if < 2 segments use δ = 0,
4)  if σ²within = 1.0, use δ = 0,
5)  otherwise use δ = γ

][ .10.)(
ˆˆˆ

hchchchhhchcBF uxNT  
.10..

ˆˆ
hchhhchc xyu   (residual)
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