
Research & Development Div.
Geospatial Information Branch - Spatial Analysis Research Section (SARS)

Fairfax, VA., USA
Larry Beard – Senior Agricultural Statistician

larry_beard@nass.usda.gov

USDA/National Agricultural Statistics 
Service Geospatial Programs



The NASS Mission
“To provide timely, accurate, and useful statistics in service 
to U.S. agriculture”

• U.S. statistical system is decentralized.
• The Food & Fiber Sector is largest single component of US 
GDP.
• NASS is the official data collection (& dissemination) arm of 
USDA, providing the Official Statistics 0f and about US 
Agriculture.
• Most data series mandated by law.
• Crop monitoring & assessment is mandated,  but NASS works  
closely with the public and agriculture sector to determine report 
content & scheduling.
• We’re a public  information service, we don’t do much in the 
way of analyses, interpretation, or predictions.
• Literally billions of $$$ and millions of decisions are made 
based on NASS reports every year, a heavy responsibility to “get 
it right”.
• NASS is unique in that we are a federal, operational program, 
with a statistical research component, mandated by law.

My point – NASS acreage  & crop reports are serious 
business, and the acceptance of remote sensing‐based crop 
monitoring & assessments by the Agency is a major 
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NASS Estimation Systems

* NASS Uses Geospatial Decision 
Support Systems to provide 
updated information to the Ag 
Statistics Board and data users



Cropland Data Layer (CDL) Objectives
“Census by Satellite”

Annually cover major program crops and regions
Crops accurately geo‐located

Deliver in‐season remote sensing acreage estimates
NASS Official Reports
Update planted area
Reduce respondent burden from surveys

Provide timely, accurate, useful estimates
Measurable error
Unbiased/independent estimator
State, District, County

Public domain crop specific  crop classification
Hosted @ NRCS Geospatial Data Gateway or 
http://www.nass.usda.gov/research/Cropland/SARS1a.htm or
Google “Cropland Data Layer”



17 – all small grains 24 – all crops 27 – operational

14 states – winter wheat 14 – corn & soybeans 15 – rice, cotton & peanuts

CDL Crop Year 2010 
Plans



Acreage Report – Winter 
Wheat

Crop Production Report – Corn & 
Soybeans

Crop Production Report – CDL Cotton, Rice, & 
Peanuts

Small Grains 
Summary

Crop Production Report – All 
Crops



Data Partnerships
Foreign Agricultural Service

Resourcesat‐1 AWiFS

Farm Service Agency
Common Land Unit “ground truth”

US Geological Survey 
National Land Cover Dataset

US Geological Survey/ NASA
Landsat TM 5



Satellite Imagery ‐ AWiFS & Landsat TM

NASS June Agriculture Survey NLCD & Derivative products

Farm Service Agency – Common Land 
Unit

Data Inputs



Satellite Specifications Compared
TM AWiFS

Altitude 705 km 817 km

Equatorial crossing time 9:45 ± 15 minutes 10:30 ± 5 minutes

Temporal Resolution 16 days 5 days

Spatial Resolution 30 x 30 m (reflective)
120 x 120 m (thermal)

56 x 56 m

Radiometric Resolution 8 bit (256) 10 bit (1024)

Spectral Resolution 6 (B, G, R, NIR, SWIR, 
MIR) + Thermal IR

4 (G, R, NIR,SWIR)

Swath wide 185 km 737 km

Scene size 184 x 152 km 370 x 370 km



Software Suite
Ground Truth Preparation
•ESRI ArcMap

Image Preparation
•Leica Geosystems ERDAS Imagine 9.1

Image Classification
•See 5

Acreage Estimates
•SAS/IML Workshop



Ground Truth – Land Cover
Agriculture Ground Truth Non‐Agriculture Ground 

Truth
Provided by Farm Service Agency

Identifies known fields and crops

Divide known fields into 2 sets
½ used for training software
½ used for validating results

USGS National Land Cover Dataset

Identifies urban infrastructure and 
non‐agriculture land cover
Forest, grass, water, cities



Ground Truth – Ancillary 
US Geological Survey

Forest Canopy Elevation Impervious Surfaces

Ancillary datasets help separate the agricultural 
landscape; determining agricultural potential 



Processing a CDL
Satellite Imagery

Sampling
See5

Decision 
Tree

Classification 

MODIS 
Data

Ancillary 
Data

Ground 
Truth



Validating CDLs

Cropland Data Layer Groundtruth – ½ saved for validation

versus

We measure the accuracy of each CDL
Compare:

Classified pixels from CDL
Known pixels, not used for classifying imagery, from FSA 

Track:
Producer Accuracy ‐ Errors of Omission ‐ % of pixels from category missing 
User Accuracy ‐ Errors of Commission ‐ % of pixels from category that are over 
classified



Accuracy Assessments



IA

NE

IL

Producer’s Accuracy:  relates to the probability that a ground truth pixel will be correctly mapped and measures errors of omission. 
Errors of Omission: occur when a pixel is excluded from the correct category.
User’s Accuracy:  indicates the probability that a pixel from the classification actually matches the ground truth data and measures errors of commission.
Errors of Commission:  occur when a pixel is included in an incorrect category.
Kappa Coefficient:  A statistics measure of agreement, beyond chance, between two maps.

SD

IA

NE

IL

SD

Accuracy Assessments

State level 
accuracies are very 

high







Estimation Components:
Area Sampling Frame+
June Area Segment+
Questionnaire



Regression‐based Acreage Estimator
Acreage not just about counting pixels

The Goal:  Identify areas with defined acreage totals to compare CDL pixel counts
Current Solution:  June Agriculture Survey Segments  

June Ag Segment           

Farmers within 
segment
report 220 acres of 
corn

Crop Land Data Layer

Pixel Counting          
estimates 180 acres of 
corn

Vs
.



Simple Linear Regression

Regression used to relate categorized 
pixel counts to the ground reference 
data

(X) – Cropland Data Layer (CDL) 
classified acres
(Y) – June Agricultural Survey (JAS)  
reported acres

Outlier segment detection ‐ removal 
from regression analysis

Using regression results in estimates 
reduces error rates over using JAS 
alone

Regression‐based Acreage Estimator
Acreage not just about counting pixels

(180 CDL acres, 220 JAS acres)



___   – Crop acreage reported by Ag Statistics Board
JAS    – Crop acreage estimated from June Ag Survey
Reg+ – Crop acreage estimated using CDL & Regression   

techniques
Pix – Number of pixels in CDL
CV     – Coefficient of Variation

Things to note:  

‐ Remote Sensing techniques (CDL & Regression) produce 
acreage estimates with smaller variability 

‐ Pixel counting tends to underestimate crop acreage 



Number of CDL’s & Acreage 
Indications
Item Year

2007 2008 2009 2010

Total CDL’s 21 35 48 48

In Season State 
Level Estimates 

15 19 26 28

Post Season 
County Level 
Estimates

15 19 36 36

Crops 9 14 15 16



Climate Change 
Initiative (FY ‘11)
Climate Change 

Initiative (FY ‘11)
“Impact on agriculture”

Geospatial Decision Support 
Systems

Cropland Data 
Layer

Geovisualization WebGeovisualization Web

Doraiswamy 
Yield Model
Doraiswamy 
Yield Model

NASA Crop Progress 
(George Mason U)

NASA Crop Progress 
(George Mason U)

Crop ProgressCrop Progress

Crop ConditionCrop Condition

Disaster Assessment 
& Monitoring

Disaster Assessment 
& Monitoring

Soil MoistureSoil Moisture

Area Sampling FrameArea Sampling Frame



Doraiswamy Remote Sensing Yield 
Program

Operational in 7 major corn & soybean 
states.

Tech transfer from USDA/ARS 
complete

MODIS sensors used, 8 day +7 day 
eMODIS; data are smoothed

Cropland Data Layer platform for 
masks

Operational processing – 2 week 
prototype development reduced to 2 
days

Current issues include:
August predictions unlikely with 
current methodology.

Sept. R2’s ~0.850/state for corn

Oct. R2’s ~0.93 for corn; 0.810 for 
soybeans

NDVI a reliable predictor for corn 
yields; soybeans need NDVI/EVI 
+ other variable(s)



At the Pixel level

Averaged to state level





CDL‐based
Corn and Soybean

Classification
Mask

MODIS –VIR/NIR
8‐Day Composite

250 m 

Data Processed, Masked 
and State/County 

Averaged

Operational 
Processing

Yield Regression Equation
Yield = f (NDVI, Historic Yields, Time)

Current Year Yield

Corn Soybean





Regression Equation: Current Results

State/Corn
Coefficient of 
Determination 

(adj. R2) –
October

Calculated Yield
(Bu/Acre)

Iowa 0.9404 *

Illinois 0.9224 *

Indiana 0.9656 *

Minnesota 0.9999 *

Nebraska 0.9563 *

Ohio 0.9832 *

Kansas 0.9830 *

* Confidential (Remote sensing yield indications are generally within 10% 
of the official NASS Estimate)



Climate Change 
Initiative (FY ‘11)
Climate Change 

Initiative (FY ‘11)
“Impact on agriculture”

Geospatial Decision Support 
Systems

Cropland Data 
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Geovisualization WebGeovisualization Web
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Doraiswamy 
Yield Model
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NASA Crop Progress 
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Design of Remote Sensing-Based U.S. 
National Crop Progress Monitoring 
System (NCPMS)

Zhengwei Yang1,2, Liping Di2, Genong Yu2, Rick Mueller1

1Research and Development Division, USDA NASS
2Center for Spatial Information System Science

George Mason University
Zhengwei_yang@nass.usda.gov



Project Goals
To support and enhance the operation of monitoring 
nationwide crop progress and conditions at NASS 

Develop science based crop progress metrics
Develop and prototype an operational National Crop 
Progress Monitoring System (NCPMS)

Develop NCPMS products that will be complementary 
to existing NASS Crop Progress products
To enhance the NASS crop progress and condition 
data accessibility, interoperability and dissemination

Center for Spatial Information Science and Systems



Why does NASS need a Remote Sensing-Based 
Crop Progress Monitoring System?

NASS currently conducts weekly, volunteer‐based crop 
progress surveys, and publishes crop progress and condition 
reports.
The current crop progress monitoring is 

point‐based sampling 
subjectively estimated
lacks spatial distribution information
Inconsistent results

Remote sensing technology provides:
Objective, consistent, science ‐based, geospatially covered, 
time series observations.



Major System User Requirements
Minimum reporting area enforced to guarantee 
privacy. 
Interactive crop progress map generated.
Pixel-level or field level granularity 
On-the-fly presentation within user defined region. 
Geospatial query capability.
Crop specific phenological information.
Equal access and dissemination via spatially enabled 
Web-based systems.



Design Principles of Operational NCPMS
The system should be able to assimilate and prepare Earth 
Observing data for use in agricultural crop growth monitoring and 
accuracy improving.
The system should be capable of efficiently (timely) applying 
Earth Observing research results and data in crop growth 
development estimation. 
Advanced data mining algorithms and crop models should be 
implemented and can be plugged‐in to readily take advantage of 
resources available in the system. 
Systematic approaches should be applied to 

integrate data, services (Web computer software programs)
disseminate results through the Web
operate the national crop progress monitoring system in a standard‐
compliant virtual Web environment. 



Data Dissemination & Visualization Example –
Cropland Explorer



Geospatial Information Branch - Spatial Analysis Research Section (SARS), 
Fairfax, VA

Remote Sensing-based Budget Initiative
Providing Foundational Data Needs for Monitoring 
and Assessment of the Effects of Climate Change on 

U.S. Agriculture



Areas of Work-NASS & WAOB
Expansion & Improvements of Existing Efforts

Cropland Data Layers and Acreage Estimation
Yield Estimation for state and county levels

New Research & Development Areas
Crop Progress, Crop Condition, Soil Moisture,
Disaster Monitoring and Assessments

Create Digital GeoArchive
Delivery of Products via Internet



New Research Areas
Crop Progress – Provide quantitative assessments by stage of crop for 
each specific crop.  

Crop Conditions – Quantitatively assess the amount of a specific crop 
in very poor, poor, fair, good, and excellent condition.

Soil Moisture - Monitoring and assessing Topsoil (surface to 6" depth) 
and Subsoil (>6"-- 3-4') moisture in categories similar to the following 
- Very short, Short, Adequate, Surplus.

Natural Disaster Monitoring & Assessment - timely monitoring & 
assessing significant events affecting crop area, conditions and yield 



Official USDA Publications Impacted by 
the Initiative



Depiction of Soil Moisture

Current > Subjective-based Future > Science-based



Natural Disaster Assessments – Visual Reference



Natural Disaster Assessments -
Prototype Crop Yield Map

Raw AWiFS Yield Impact



Major Issues Facing Our Program

NEAR TERM LONG TERM
Sensors, sensors, sensors!

Without Landsat TM, 2010 
would have been a huge 
setback for remote sensing 
in NASS!
AWiFS solar panel partial 
failure
Future Use & Access to 
SPOT VEG unsure
Resourcesat 2 launch, and 
priority for U.S. acquisitions?

Flow of imagery must be 
uninterrupted during growing 
season

MRLI support to U.S. civilian 
agencies unclear.
MODIS replacement  (VIRS) 
a downgrade
Operational needs have 
evolved beyond current 
strategies to support them.
NASS will encourage USDA 
move to push for higher 
priority launch of HyspIRI 
sensor.







Key Features of NASA HyspIRI
1) Hyperspectral:  Visible ShortWave InfraRed 
(VSWIR) Imaging Spectrometer ‐ Full spectrum 380 
to 2500 nm, 60 m resolution, with 150 km swath, 
repeat coverage 19 days 

2) Multispectral Thermal InfraRed (TIR) Scanner ‐ 7 
bands between 7.5‐12 µm and 1 band at 4 µm, 60 m 
resolution, with 600 km swath, repeat coverage 5 days

Potential for climate/water/carbon/land use 
monitoring/wildfires/droughts 



IN 
MEMORIUM

Dr. Paul C. Doraiswamy
April 7, 1948 - May 8, 2010
Friend and Colleague


