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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 of 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
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NASS Estimation Systems

NASS
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National,
* NASS Uses Geospatial Decision State, District,
Support Systems to provide Cqunty
updated information to the Ag Estimates
Statistics Board and data users

NASS Field
Offices




“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 @ or

= Google “Cropland Data Layer”




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

24 - all crops 27 - operational

CDL Crop Year 2010
Plans




2010 CDL Production Schedule
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Data Partnerships

Foreign Agricultural Service Lnking US. Agtetue (F2)
3 T World
Resourcesat-1 AWIiFS
Farm Service Agency USDA

Common Land Unit “ground truth”

MRLC Consortium

US Geological Survey/ NASA -
Landsat TM 5 "‘U;SQ.%

US Geological Survey

National Land Cover Dataset




Data Inputs

Satellite Imagery - AWiFS & Landsat TM Farm Service Agency - Common Land
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tellite SpeciﬁcationsComad

M

AWIES

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 = 30 el ol ) 5071 ‘a1
120 x 120 m (thermal)
Radiometric Resolution 8 bit (256) 10 bit (1024)
Spectral Resolution 6 (B, G, R, NIR, SWIR, 4 (G, R, NIR,SWIR)
MIR) + Thermal IR
Swath wide 185 km 73 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

ArcGIS 9

ArcMap




Ground Truth — Land Cover

Agriculture Ground Truth
Provided by Farm Service Agency

Identifies known fields and crops

Divide known fields into 2 sets
Y5 used for training software

Y used for Validating results

Non-Agriculture Ground
Truth

USGS National Land Cover Dataset

Identifies urban infrastructure and
non-agriculture land cover

Forest, grass, water, cities




Ground Truth — Anlary
US Geological Survey

Forest Canopy Elevation Impervious Surfaces

Ancillary datasets help separate the agricultural
landscape; determining agricultural potential
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Validating CDLs

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

Cropland Data Layer

Groundtruth - %2 saved for validation

versus




—Accuracy Assessments

Crop-specific covers only *Correct Accuracy Error

CVERALL ACCURACY T40009 93.56% 6.44%

Attribute *Correct FProducer's User's Commission
Code FPixels Loouracy Kappa Accuracy Error

Cotton

1D D O
oo

Sunflowers
Peamats
Barley
Durum Wheat
Bomang Waean

[ e o
| S e R

i
i

Cther Small Grains

Win Wht /Soyb Dbl Crop

Eye

Cats .85%

Millet L02%

Canola .90%

Blfalfa L21%

Dry Beans .46%

Potatoes .08%

Other Crops .B7%

Mi=sc Vegs & Fruits .10%
Watermelon L42%

Feas .59%
Clover/Wildflowers 21 L21%
Fallow/Idle Cropland .78% L22%
Peaches ] .00%

Cther Tree Nuts & Fruit 69 L22% .18% 16.87%

*Correct Pixels represents the total number of independent wvalidation pixels correctly identifed
in the error matrix.
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Accuracy Assessments

Cover Attribute *Correct Producer's Cmission Uzer's Commission
Type Code Accuracy Error E Aocouracy

Corn 1

Sovybeans 5 1471054

Corn
Sovbeans

Corn
Sovbeans

Corn 803251
Soybeans TOT3E3

Crop-specific covers only *Correct |Accuracy

CVERALL ACCURACY

State level

OVERALL ACCURACY 3730093 .
accuracies are very

CVERLALL ACCURACY 3071980 . - 859¢ llig;}l

CVERALL ACCURACY

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.




Agriculture
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" Remote Sensing
Regression Estimation




PAGE 2

[31: Agri-Urban
I 2: Commercial

2 waker

Arkansas Area
Sampling Frame

M 11: = 75% culkivated
[21: 25 - 75% cultivated

[J42: = 25% cultivated
[ s0: Mon-&aricultural

SECTIOND - ROPS AND LAND USE ON TRACT 17

Howe many acres are inside this blue tract boundary drawn on the phato (map)?. . .

Firny SO

Mowe [ weould like to ask about each field inside this blue tract boundary and s use du

T == . = Estimation Components:
oo 98] - Area Sampling Frame+
s L - — .1 June Area Segment+
et |- [© . [ 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

Crop Land Data Layer

Farmers within
segment

report 220 acres of
corn

Pixel Counting
estimates 180 acres of
corn




Regression-based Acreage Estimator

Acreage not just about counting pixels

Simple Linear Regression

Regression used to relate categorized
pixel counts to the ground reference Crop: Com_PL

Stratum: 12 Version: Vb
data o m:12 Version

— Raporiedelassified

— L L5 R

e (X) - Cropland Data Layer (CDL) B
classified acres o

e (Y) - June Agricultural Survey (JAS)
reported acres

(180 CDL acres, 220 JAS acres)

Ruporied Acres

Outlier segment detection - removal

from regression analysis —
100 4 Wl oceted

Q . . . - !

Using regression results in estimates =

reduces error rates over using JAS
alone

Classified Acres




% Over/Under ASB Final

2008 State Level Estimates +/- 2 CVs

[ Corn [ Soybeans

_ = Crop acreage reported by Ag Statistics Board
_ — Crop acreage estimated from June Ag Survey
~ Reg+ - Crop acreage estimated using CDL & Regression
IA techniques
- Pix - Number of pixels in CDL
- CV - Coefficient of Variation

5 Things to note:

_= - Remote Sensing techniques (CDL & Regression) produce
- acreage estimates with smaller variability

- Pixel counting tends to underestimate crop acreage

Source of Estimate




" Number of CDL’s & Acrea
Indications

Item Year
2007 2008 2009 2010

Total CDL’s 21 35 48

In Season State 15 19 26
Level Estimates

Post Season 15 19 36
County Level
Estimates

Crops 9 14 15

g

48
28

36

16



eospatial Decision Suppor

Doraiswamy

Yield Model

Area Sampling Frame

Cropland Data Geovisualization Web
Layer Crop Progress
(George Mason U)
(George Mason U) rop Conaition

Disaster Assessment
& Monitoring

v (11
Initiative (FY ‘11) Soil Moisture




~ —Doraiswamy Rel
Program

Operational in 7 major corn & soybean  ® Current issues include:

states. o August predictions unlikely with
current methodology.

Tech transfer from USDA/ARS

complete o Sept. R?’s ~0.850/state for corn

MODIS sensors used, 8 day +7 day e Oct. R?’s ~0.93 for corn; 0.810 for
eMODIS; data are smoothed soybeans

Cropland Data Layer platform for e NDVI a reliable predictor for corn
masks yields; soybeans need NDVI/EVI
+ other variable(s)

Operational processing — 2 week
prototype development reduced to 2
days
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ime Series Phenological Profiles

Extracting Yield Parameters from NDVI Profile

Planting

AR Vegetation I

Vegetative
growth

Peak
vegetation

Senescence

.n"\‘
| \

\

At the Pixel level |~

Averaged to state level

Iowa- Corn




PhenooeS =

Average Terra MODIS NDVI

0.1

North Dakota - 2008

Cover type (pixels sampled)

—o—All (3402805)

—m— Alfalfa (226)

=—dr—Barley (2356)

=i Corn (6262)

=== Durum wheat (2914)
-Oats (59)

—e—Soybeans (10444)

—l—Spring wheat (14114)

=de=Winter wheat (1068)

3/22

4/7

4/23

5/9

5/25 6/10 6/26 7/12 7/28  8/13 8/29 9/14 9/30 10/16 11/1 11/17 12/3

16-day composite median date




Operational
Processing

CDL-based
Corn and Soybean

Classification
Mask

MODIS -VIR/NIR
8-Day Composite
250 M

4

Data Processed, Masked
and State/County
Averaged

4

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

Current Year Yield

== T I
b -|—|
&,




September 1, 2010 Estimated Corn Yield

-Lnt:125



Regression Equation: Current Results

e

Coefficient of
Determination Calculated Yield
rn %
Sate o (adj. R?) - (Bu/Acre)
October

Iowa 0.9404 *
I1linois 0.9224 *
Indiana 0.9656 %
Minnesota 0.9999 *
Nebraska 0.9563 5
Ohio 0.9832 4
Kansas 0.9830 o

* Confidential (Remote sensing yield indications are generally within 10%

of the official NASS Estimate)




eospatial Decision Suppor

Doraiswamy

Yield Model

Area Sampling Frame

Cropland Data Geovisualization Web
Layer Crop Progress
(George Mason U)
(George Mason U) rop Conaition

Disaster Assessment
& Monitoring

v (11
Initiative (FY ‘11) Soil Moisture
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Design of Remote Sensing-Based U.S.
National Crop Progress Monitoring
System (NCPMS)

Zhengwei Yang'?, Liping Di2, Genong Yu?, Rick Mueller!
'Research and Development Division, USDA NASS
2Center for Spatial Information System Science
George Mason University

LA {IBNASS
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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

A
s

Center for Spatial Information Science and System




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
e point-based sampling
e subjectively estimated
 lacks spatial distribution information
e Inconsistent results

* Remote sensing technology provides:

e 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
eb-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)

e disseminate results through the Web

e operate the national crop progress monitoring system in a standard-
compliant virtual Web environment.
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Data Dissemination & Visualization Example —

Cropland Explorer

/= Cropland Explorer - NASS CDL Program - Windows Internet Explorer - ||:I|i|

6\:_-—:_;.‘ - http:/fnassgeadata.gmu, edufCOLExplorer) j |E| |E| |Z| Iﬁ Google |:|:P -|

File  Edit Wiew Fawvorites Tools  Help

T:f Favorites | '{.:“9: -" Mongoose airframe - Google. .. '-.' cross weighted mament affi. ..

>

Cropland Explorer - NASS COL Program | | & - = [ Qéa ~ Page ~ Safety ~ Tools - @v

USDA United States Department of Agrcullure F‘. ol
sl National Agricultural Statistics Service 5 Cropland Explorer NASS CDL Program

£ Layers || ] Legend BAENT & 2 OO R " 1O dil @ 15 | -1029739.72333, 3036381.88065
[=14=7) Background Layers ]
=]f% Global Land Cover
=3 Cropland Data Layers
=¥ 2009
= 2008
= 2007
= 2006
=<3 Boundaries
= County
=W 45D
=W state

Demo | USDA gov | NASS Home | Research and Development Division |_5_-aﬁél Analysis Research Section | About COL | FAQ | Contact
Copyright © General Science and Technology Solutions Inc. 2009 - 2011 ﬂ Pty Foias

[ [ [ [ [ & nemet [%a - [®100% ~ 4




Providing Foundational Data Needs for Monitoring

and Assessment of the Effects of Climate Change on _cut,
l_;J_SDA U.S. Agriculture gl

Geospatial Information Branch - Spatial Analysis Research Section (SARS), Co e <°
Fairfax, VA




‘ Areas of Work-NASS & WAOB

* Expansion & Improvements of Existing Efforts
e Cropland Data Layers and Acreage Estimation
e 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
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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

lowa Crops & Weather
NASS C rop USDA USDA - National Agrculrural Staeistical Servie - lowa Field Offce

FACT FINDERS FOR AGRICUITIIRE P rog re S S —— In Cooperation with the [owa Department of Aaviculrure and Land Stewardship 0

VINITED STATES TIERARTMENT OF ACRICUITURL

- 210 Wat, Roomn §33 s Mines Jowa 503001165 il
Wadicgn DC. ‘ 515040 100005 X 5152000 s o s oy @‘
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To acoess NASS rearts - v gass bsda oy T o
Released June 19, 2009, by the National Azricultural Statisties Service (NASS), Azricultural Statisties Board, U.S, Department of Agriculture. For
information on Crop Progress call Julie Schmidt at (20%) 20-7621, office hours 7:30 a.m. to 4:00 pam, ET. I Sde IU]] 29 ZOOQ
. Val 017 For the week ending Jone 2, 200
y Volume 97, No. 9 http:/www.usda.govioce/weather March 2, 2010

- .
I @_’ FACT FINDERS FOR AGRICULTURE a n d C ro B u I I etl n
0 U N“ FIRITED STATES TIEPARTMERT (17 AGRICVITURL WE E K ™ d

Washington, D.C.
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AND C 3ULLETIN
Released September 1, 2009, by the National Agricultural Statistics Service (NASS), Agricultural Statistics Board, US, Department of
Agriculture. For information on Weekly Meather and Crop Bulletin call Julie Schmidt at (202) 720-7621, office hours 7:30 am. to 4:00 pan. | |5 peparTMENT OF COMMERGE 1S DEPARTMENT OF AGRICULTURE
ET.

National Oceanic and Atmospheric Administration

National Agricultural Statistics Service
National Weather Service

and World Agricultural Outlook Board

N ASS Crop Production b World Agricultural Supply
&, T wame . and Demand Estimates

Washington, D.C. United States Department of Agriculture
Office of the Agricultural Marketing Service Economic Research Service
. . . Chief Economist Farm Service Agency Foreign Agricultural Service
Released February 9, 2010, by the National Agricultural Statisties Service (NASS), Azvienltural Statistics Board, US, Department of i
Agriculture, For information on Crap Prodnction eall (202) 720-2127, office hours 7:30 am. to 4:00 pm. ET, WASDE - 479 Approved by the World Agricultural Outlook Board  February 9, 2010




Depiction of Soil Moisture

Current > Subjective-based Future > Science-based

NORTH DAKOTA CROP WEATHER REPORT, Wesk Ending August 16, 2002 Page Two

Soil Moisture Supplies e LM ury S Corn 8-Day Available Transpirable Soil Water (ATSW), IL-2006

North Dakota, Week Ending August 16, 2009 North Dakota, August 16, 2000

Week Enar 2004 =5 ™
Date August 16, | August8. [ August1d, | 2008 W | | » =
2008 2008 008 Aug — » ‘n ‘l-
- i . . ¥ s [
; 5

Parcent Parcent Percant Percent

Topsoil B =
Very Short 17 - 3 a ?
Short 7 > it . : 'i

dequate 53 ST ‘Im
.
urplus ' \_k_.—-——’/
Subsail s [
Very Short 1 b2}
Short n
Adequate T 47
0

Short Surplus

|_| ‘ery Short |:| Adequate
|_|

2 Weekly Weather and Crop Bulletin August 8, 2006

_ ATSW (mm)
SHORT TERM, CROF NEED v(s:.rf&ﬁﬂ:f#::n IN 5=FT. SOIL PROFILE : = s : — = - : . 0-50
[ 51-100
101 - 150
[ 151-200
¥ 201- 250
W 251 - 300




Natural Disaster Assessments — Visual Reference

Resourcesat-1 AWIFS, August 12, 2009




Natural Disaster Assessments -
Prototype Crop Yield Map

Raw AWIFS Yield Impact
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NEAR TERM

* Sensors, sensors, sensors!

e Without Landsat TM, 2010
would have been a huge

setback for remote sensing
in NASS!

e AWIFS solar panel partial
failure

e Future Use & Access to
SPOT VEG unsure

e Resourcesat 2 launch, and
priority for U.S. acquisitions?

* Flow of imagery must be
uninterrupted during growing
season

. Major Issues Facing Our Program

LONG TERM

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.
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Multispectral Scanner
Schedule: 4 year phase A-D, 3 years

DAL

HyspIRI Thermal Infrared Multispectral
(TIR) Science M

e

easurements

Science QUESTIONS:

TQ1. VolcanoesEarthquakes (W4, FF

— How and and voicanic hazands
::arr'uenepd,um mﬂgaﬁeaﬂmai;!- thmiugh

- T2 Wiifires (LG,DR)

— What I5 the Impact of blomass the temestrial biosphere and

atmosphere, m?l'x':lﬁ mt&%mm:*

« TR3 Wiaer Use and Avallabily, a,RA)

— How I of frestwater suppiles responding i changes In chmate
mm:a;u,aﬁe ame the Impiications for SUstainatie management of water

« T4, LbanzatonHuman Heath, [DG,56)

— How does rbanization Tect the Jocal, reglonal and global envimament? Can we
characterize this effect i heip mitigate Its Impact on human healh and welre?

« TGS Earth surface composiion and change, (AP, JC)

— What I5 the composition and of the exposed surface of the Earth? How do
mmmmﬁmmmm and habitzbiiry?

Measurement:

- T bands between 7.5-12 pm and 1 band

& OB =H1 (m21} o
—H2 {m5)
1 or H3 (adO) =
2 os =Hd [ai1} |
k] = HG (312}
HE ||
l‘ o4 =Hr —
fos —HB (m32) |
= oz E—
o
[

T T T T T T T
o] 400 a0n a0 T Ao f1i 1] 00 2 HOd 1200 1300

Wirrmngth (u=)

Andean volcano heats up

Water Use and Availability



HyspIRI compared with possible International Imaging 7§
Spectroscopy Missions A

Only HysplRI provides the full spectrum of data required to address climate-
carbon cycle feedbacks articulated in the NRC Decadal Survey

HysplR| Provides Seasonal and Annual Global Coverage that Uniquely Addresses
Critical Gaps in Climate Research and Ecosystem Understanding.

>100 years for international mission to equal 1 year of HyspIRI

Terrestrial | Repeat | TIR capability
Coverage | interval,
in 19 days days

19

HyspiRI & TIR bands
Germany EnMAP 30 30 =1% - NO
|taly PRISMA 30-60 20-30 =1% - NO
Japan? ALOS3 30 30 =1% - NO
India? IMS Resource 25 25 =1% - 1 TIR band
Sat-3

US, HysplRI: a full speciral range (380 to 2500 at 10 nm), high SNR., uniform, 60m spatial with 150 km
swath imaging spectrometer and multiband thermal imager (8 band thermal imager from 3-12 pm).

Other countries are occasionally mentioned (China, South Africa, South Korea, etc.). All are proposing first
generation small sample process/application missions with scattered terrestrial coverage and no TIR imager
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Key Features of NASA HysplIRI

* 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 pm and 1 band at 4 pum, 60 m
resolution, with 60o km swath, repeat coverage 5 days

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