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Program AgendaProgram Agenda
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Operational Cropland Data Operational Cropland Data 
Layer ProgramLayer Program
Scope & methodScope & method
Assessment and accuracy of Assessment and accuracy of 
indications
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U.S. Corn Acres
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Remote Sensing Program ObjectivesRemote Sensing Program Objectives

Census by satelliteCensus by satellite
Provide timely, accurate, useful indicationsProvide timely, accurate, useful indications

Measurable errorMeasurable error
Unbiased estimatorUnbiased estimator



NASS Operational NeedsNASS Operational Needs

Timeliness
Must meet NASS report deadlines
Processing capabilities must match 
crop phenology

Accuracy
What is the truth? 
10% rule
Trends/History

Reliability
Satellite/sensor, or climatic 
disturbances cannot delay estimate 
delivery 
Contingency plans essential - must 
have alternative indicators available

Consistency
Standard methodology across 
States/crops
Quality assurance
Adopt a standard processing platform
Transition to new sensors



2007 Cropland Data Layer Coverage2007 Cropland Data Layer Coverage



Cropland Data Layer ComponentsCropland Data Layer Components

AWiFSAWiFS sensorsensor



The Landsat Data Gap

Landsat 7 ETM+ Landsat 5 TM

Source: USGS, Landsat Project:
http://landsat.usgs.gov/slc_enhancements/slc_off_level1_standard.php



ResourcesatResourcesat--1 1 AWiFSAWiFS SensorSensor

Launched 2003Launched 2003
370 km swath per quad370 km swath per quad
740 km combined740 km combined
56 m resolution at nadir56 m resolution at nadir
70 m resolution at scene edges70 m resolution at scene edges



Advanced Wide Field Sensor (Advanced Wide Field Sensor (AWiFSAWiFS))

Spectral Bands:Spectral Bands:
B2: 0.52B2: 0.52--0.59 (Visible Green)0.59 (Visible Green)
B3: 0.62B3: 0.62--0.68 (Visible Red)0.68 (Visible Red)
B4: 0.77B4: 0.77--0.86 (Near Infrared)0.86 (Near Infrared)
B5: 1.55B5: 1.55--1.70  (Middle Infrared)1.70  (Middle Infrared)

5 day repeat cycle5 day repeat cycle



Cropland Data Layer ComponentsCropland Data Layer Components

AWiFSAWiFSAWiFS sensorsensorsensor
Common Land Unit/578 Admin DataCommon Land Unit/578 Admin Data

USDA/Farm Service Agency USDA/Farm Service Agency 
Training/testing datasetsTraining/testing datasets



Common Land Unit/578 Admin DataCommon Land Unit/578 Admin Data



Cropland Data Layer ComponentsCropland Data Layer Components

AWiFSAWiFSAWiFS sensorsensorsensor
Common Land Unit/578 Admin DataCommon Land Unit/578 Admin DataCommon Land Unit/578 Admin Data

USDA/Farm Service AgencyUSDA/Farm Service AgencyUSDA/Farm Service Agency

ERDAS Imagine/See5 ERDAS Imagine/See5 
Image Processing/ClassificationImage Processing/Classification



ERDAS Imagine & See5ERDAS Imagine & See5
Derivation of decision tree classification rulesDerivation of decision tree classification rules

Boosting & smart eliminateBoosting & smart eliminate
www.www.rulequestrulequest.com.com

Sample nonSample non--agag areasareas
National Land Cover Dataset (USGS)National Land Cover Dataset (USGS)

Ancillary datasetsAncillary datasets
DEM & prior CDLDEM & prior CDL

PhenologicalPhenological profiles with profiles with AWiFSAWiFS



Cropland Data Layer ComponentsCropland Data Layer Components

AWiFSAWiFSAWiFS sensorsensorsensor
Common Land Unit/578 Admin DataCommon Land Unit/578 Admin DataCommon Land Unit/578 Admin Data

USDA/Farm Service AgencyUSDA/Farm Service AgencyUSDA/Farm Service Agency

ERDAS Imagine/See5 ERDAS Imagine/See5 ERDAS Imagine/See5 
Image Processing/ClassificationImage Processing/ClassificationImage Processing/Classification

Acreage EstimatorAcreage Estimator
June Agricultural SurveyJune Agricultural Survey



Estimation Components:
Area Sampling Frame+
June Ag Survey+
Questionnaire



Regression EstimatorRegression Estimator
Relate categorized pixel counts to the ground Relate categorized pixel counts to the ground 
reference datareference data

Independent variable Independent variable -- satellite data satellite data -- pixelspixels
Dependent variable Dependent variable -- JAS acreage estimateJAS acreage estimate

Satellite data Satellite data -- lower variance than with only JASlower variance than with only JAS
Outlier segment detection Outlier segment detection 

Correction or removal from regression analysisCorrection or removal from regression analysis



541541337337SoybeanSoybean
273273227227RiceRice

ClassifiedClassified
Pixel AcresPixel Acres

EnumeratedEnumerated
JAS AcresJAS Acres

XXYY
CropCrop
TypeType



R2 = 0.971

a = intercept = 7.11

b = slope = 0.802

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

Linear Regression

y = a + bx

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

Seg 136 (x=273, y=227)

y = 226.11
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Cropland Data Layer



Cropland Data Layer SummaryCropland Data Layer Summary
Operational estimates in corn/soybean region 2007

Provides measureable statistical error
Indication considered for national acreage estimate

Components
AWiFS
Farm Service Agency

Common Land Unit (training/testing)
Commercial Software ERDAS/See5
June Agricultural Survey

Regression estimator

Distribution
datagateway.nrcs.usda.gov



Remote Sensing Support for Crop Monitoring 
and Assessment

The Next Generation of  Yield EstimatesThe Next Generation of  Yield Estimates

Hydrology and Remote Sensing Laboratory, Beltsville, MD 20705
paul.doraiswamy@ars.usda.gov

Paul C. Doraiswamy, USDA, ARS
Bakhyt Akhmedov, Science Systems and Applications Inc.
Alan Stern, USDA, ARS 

Larry Beard and Rick Mueller, USDA, NASS
Research and Development Division, Fairfax, VA  22030-1504

larry_beard@nass.usda.gov



Develop an algorithm for operational classifications of 
corn and soybean fields in the U.S. Corn Belt

1) Agrometerological crop model with remote sensing
2) Simplified remote sensing algorithm
3) Agrometerological (only) crop yield model 

Provide timely and accurate information 
-> NASS’s operational program

Objectives



NDVI Time Series from the MODIS-Terra 8-day Composite Product



Data Filtering
8-day Composite Data at 250 m Resolution

Number of Images

N
D

V
I

The Savitzky-Golay Filter is used to account for negatively biased noise.  The result produces a 
smoothed curve adapted to the upper NDVI value in a time series

Per Jonsson and Lars Eklundh, 2004.  TIMESAT – A program for analyzing time-series of satellite 
sensor data.  Computers and Geosciences 30, 833-845



Separation of Corn and Soybean Crops

Day of Year DOY 169 - 177 = June 18 - 26 

The first step is distinguishing the “crop  pixels” from others
Condition used is that NDVI value in day of year (DOY) 129 (May 9) 

must be less than 0.40 and in DOY 209 (July 28) must be higher than 
0.78. 

The second step of the classification is separation of corn and soybean 
pixels.

- Profile fit to a third degree polynomial
- The mean value of the second       

derivatives of the polynomial between   
DOY 169 and 177 are used. 

- Green up rate for corn pixels on 
that DOY begins to decrease and 

NDVI profile is convex.

- For soybean pixels, green up rate 
is increasing and NDVI profile is 

concave



Classification of Corn and Soybean Crops - Iowa, 2005

Resolution: 250 m 100 km



Operational Algorithm

MODIS –VIS-NIR
Corn and Soybean

Classification
Mask

MODIS –VIR/NIR
8-Day Composite

250 m 

Data Masked 
and County 

Averaged

MODIS-Thermal 
8-Day Composite

1 Km 

County Yield Algorithm
Yield = f ( NDVI, Ts)

Yield Index

Corn Soybean



20032003--05 Iowa Corn County Yield Comparisons05 Iowa Corn County Yield Comparisons
Difference Between Official and Predicted Yields for Iowa 2003 Corn

RMSE=12.73
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Difference Between Official and Predicted Yields for Iowa 2005 Corn
RMSE=10.02
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Difference Between Official and Predicted Yields for Iowa 2004 Corn

RMSE=10.53
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20032003--05 Iowa Soybean County Yield Comparisons05 Iowa Soybean County Yield Comparisons
Difference Between Official and Predicted Yields for Iowa 2003 Soybeans

RMSE=3.95
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Difference Between Official and Predicted Yields for Iowa 2005 Soybeans
RMSE=2.70
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RMSE=3.01
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20032003--05 Illinois Soybean County Yield Comparisons05 Illinois Soybean County Yield Comparisons
Difference Between Official and Predicted County Yields for Illinois 2003 

Soybeans
RMSE=5.69
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Difference Between Official and Predicted County Yields for Illinois 2005 
Soybeans

RMSE=4.31
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Soybeans
RMSE=3.57
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20032003--05 Illinois Corn County Yield Comparison05 Illinois Corn County Yield Comparison
Difference Between Official and Predicted County Yields for Illinois 2003 

Corn
RMSE=13.56
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Difference Between Official and Predicted County Yields for Illinois 2005 Corn
RMSE=11.06
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Difference Between Official and Predicted County Yields for Illinois 2004 Corn

RMSE=11.85
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Model vs. USDA/Risk Management Agency vs. Model vs. USDA/Risk Management Agency vs. 
Official County Yield EstimatesOfficial County Yield Estimates

2005 Iowa Soybean County Yields - BD. vs RMA
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2005 Iowa Soybean County Yields - Model vs. RMA
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Model vs. Risk Management Agency vs. Official Model vs. Risk Management Agency vs. Official 
County Yield EstimatesCounty Yield Estimates

2005 Illinois Corn County Yields - BD vs. RMA

-30.0%

-20.0%

-10.0%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 190.0

RMA Yields

B
D

 v
s.

 R
M

A
 -

 P
er

ce
nt

 D
if

fe
re

nc
es

% Difference from RMA

2005 Illinois Corn County Yields - Model vs. RMA
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2006 Iowa Remote Sensing County Yields2006 Iowa Remote Sensing County Yields



2006 Illinois Remote Sensing County Yields2006 Illinois Remote Sensing County Yields



Remote Sensing SupportRemote Sensing Support



Operational ConsiderationsOperational Considerations
AdvantagesAdvantages

Geo-referenced, digital data 
format 

Estimates or GIS applications for 
other than political boundaries

Farmer and courtroom 
defensible
Potential for large area 
assessments
Has significant international 
potential

Statistical quality defined 
for both State & County
Standardized methodology, 
being automated
Staffing requirements are 
minimal
Potential for reduced 
respondent burden
Potential for reduced data 
collection costs



Operational Considerations Operational Considerations 
DisadvantagesDisadvantages

Technology dependentTechnology dependent
Climate dependentClimate dependent
Represents significant changeRepresents significant change
Requires new staff knowledge, skills & abilitiesRequires new staff knowledge, skills & abilities
FaFarmingrming practicespractices



Yield SummaryYield Summary
StateState--LevelLevel

Remote sensing yields have been 
timely, mid-August, mid-September

Program history is limited (03-06), 
so trends remain to be seen

Indications come with variance 
statistics

Remote Sensing yield indications 
look as good or better than most 
other early season survey-based 
indicators

RS yields are “bottom up”, derived 
from every square mile of crop in a 
state/county

CountyCounty--LevelLevel

Great majority (>85%) of county 
indications are within 10% of 
Official Estimates

Majority of counties with >10% 
difference are those with small # of 
fields, i.e.,few reports

Remote sensing county yields are 
available with the State 
yields…..mid-August, early 
September

Definitional differences exist.  
Remote Sensing indications offer the 
most precise placement of yield 
within a county



ObrigadoObrigado
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