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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
= ForJune, August, September, and October Official Reports
= Update planted area
= Reduce respondent burden

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

Public domain crop specific crop classification
= http://nassgeodata.gmu.edu/CropScape
= NRCS Geospatial Data Gateway
= http://www.nass.usda.gov/research/Cropland/SARS1a.htm
= Google CropScape!



http://nassgeodata.gmu.edu/CropScape
http://datagateway.nrcs.usda.gov/
http://www.nass.usda.gov/research/Cropland/SARS1a.htm

~9 billion pixels!

Released Jan. 10, 2011
National 30m Product

Inputs:
Landsat (8601 scenes)
AWIFS (1194 scenes)




2010 CDL States

CDL Crop

2010 CDL States

044

Year 2010

2010 CDL States
September Small Grain Summary 9/20

2010 CDL States
October Production 10/1

2010 CDL States
Operational

2010 CDL States
Off Season Production

21 — pot season




Inputs

Satellite Imagery - AWiE,:S;& Landsat TM Farm Service Agency — Common Land Unit
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Sensor Specifications Compared

™ 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 x 30 m (reflective) 56 x 56 m
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 737 km
Scene size 184 x 152 km 370 x 370 km




Farm Service Agency

USDA Lhnited States Depariment of Agricullura

Agricultural Ground Truth

FSA Common Land Uni




Ancillary Data — USGS/NASA Products

Elevation

2001 NLCD
Improve CDL coverage
of non-ag classes

NASA MODIS Terra
(16-day NDVI composite)




NASS June Ag Survey

* Probability based
 Area frame stratification based on land use

* Sample units one square mile

USE ON TRACT

PacE2  SECTION D- CROPS AND LAN

Howe many acres are inside this blue tract boundary drawn on the photo (mapd? . . ..
Mo | wauld like to ask about each field inside this blue tract boundary and ts use during 2000,

FELD MUMBER 01 02 03 04 {15
28 828 728 28 a2

1. Tatal acresin field

2 Croporland uee. [ Specty]




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 & 7

Ltdre (1
]
T rld

USDA

Farm Service Agency

MRLC Consortium



http://www.pecad.fas.usda.gov/

Methods

Satellite and Ground Truth Prep
Classification

Accuracy Assessment
Regression Estimation



Commercial Software Suite

B
B
ArcMap

Gsas

Imagery Preparation
= ERDAS Imagine

Image classification

= Decision tree software
= See5 www.rulequest.com

Ground Truth Preparation
= ESRIArcGIS

Acreage Estimation
= SAS


http://www.rulequest.com/

CDL Processing Method
Decision

Sampling Done by Tree
See5

Satellite Imagery

'Ancillary Data
I

= .
hypothyroid
@3 hypothyroi

class and attribute definitions (hypothyroid.names)

_—
Ground Truth

training cases to be analyzed (hypothyroid.data)
test cases (hypothyroid.tesy

costs (hypothyroid.costs]

decision tree classifier (hypothyroid.tree]

Copyrignt & 1991-2008

Leica Gaosystems Gecapatisl Imaging, LLC -

Al rights resecved. ERDAS IMAGINE 1 8 registered ewa
trademark of Leica Geosystera Gecspatal Imaging, LLC

ruleset classifier [hypothyroid.rules)

output file (hypothyroid.out)

PR 2009 Pennsylvania Cropland Data Layer
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Classification

Land Cover Categories
(by decreasing acreage)

AGRICULTURE
[ Pasture/Grass

M soyveans
[ Fallowndie Croplang
[ inter Wheat
[ ataita
W . Wit /Soy. Dol. Crop.
I Oxs
[ seeassoo Grass
Oter Crops
Omer Smail Grains
I Apoles
B tesc vegs & Fruts
I Christnas Trees
NON-AGRICULTURE
[ wootand
I vranDeveloped
. veter
[ shrubtana
0 ™ 4 e @ 100 Maes I vetends

[ saren A

Copyright @ 1991-2008

Leica Geosystems Geospatial Imaging, LLC. £ -
Al ights reserved. ERDAS IMAGINE is a registered ewca

rademark of Leica Geosystems Geospasal Imaging, LLC.




Crop—specific covers only *Correct Accuracy Error Kappa

ot s memen sam 1eam ooz ACCUracy Statistics

Cover Attribute *Correct Producer's Cmission Uzer's Commi=zsion Cond'l
Type Code Fixels= Accuracy Error Fappa Accuracy Error Kappa
Corn 1 460221 6.22% 0.9272 5.53% 0.983:51
Sorghum 4 63253 5T7.8Z% 42 _18% 0.5877 T .37% 22.63% 0.7660
Soybeans 5 1870 B.85% 51.15% 0.4882 94.02% 5.98% 0.59401
Sunflower & 263849 61.28% B.72% 0.6087 T4.08% 25.91% 0.7375
Sweet Corn 1z 905 54 ,7E% 45.25% 0.5474 942 .73% T.2T7% 0.2272
Barley 21 T8TT 66.47% 33.53% 0.6636 T1.55% 28.45% 0.7145
Durum Wheat 22 0 n'a n/a n'a 0.00% 100.00% 0.0000
Spring Wheat 23 2286 43.46% 51.54% 0.4839 42 .02% 50.98% 0.48585
Winter Wheat 24 817165 7.21%  0.9030 4,50%  0.938

Eve 27 285 14.57% 85.43% 0.1455 31.39% 68.61% 0.3135
Dats 28 4483 33.63% BE.37% 0.3344 47.41% 52.583% 0.4720
Millet 24 7047459 T9.606% 20.34% 0.79200 0b.96% 33.04% 0.660086
Spelt= 30 85 B5.00% 15.00% 0.8500 49.13% LD.B7% 0.4913
Canola 31 a nfa n/a nfa 0.00% 100.00% 0.0000
Flaxzeed 32 0 n/a n/a n/a 0.00% 100.00% 0.0000
Safflower 33 577 31.26% 68.74% 0.3120 19.97% 80.03% 0.1982
BRlfalfa 1] 174154 T2.85% 27.15% 0.7109 B8E.B2% 14.18% 0.8472
Other Hay 37 54825 39.87% 60.13% 0.3862 80.78 19.22% 0.7985
Sugarbeets 41 4381 B0.64% 19.36% 0.8061 83.04% 16.96% 0.8301
Dry Beans 42 12029 68 . £4% 31.36% 0.6844 d . 853% 45.17% 0.5459
Potatoes 43 12742 @ 14.83% 0.8511 9.00% 0.90%96
Other Crops 44 0 0.00% 100.00% 0.0000 n'a n'a nfa

Mizc. Vegs. & Fruits 47 a n/a n/a n/a 0.00% 100.00% 0.0000
Watermelons 48 25 6.35% 93.65% 0.0634 39.68% 60.32% 0.3968

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



Accuracy Assessments

Cover Attribute *Correct Producer's Cmission User's Commission Cond'l
Type Code Pixels= Accuracy Error Kappa Accuracy Error Kappa
Corn 1 2197719 S96.58% 3.42% 0.9226 97.86% 2.14% 0.350%9
Soybeans 5 14710594 S96.24 3.76% 0.593582 95.78% 4.22% 0.9320
Corn 1 2258219 98.06% 1.94% 0.9527 98.58% 1.42% 0.9650
Sovybeans 5 1339089 96.36% 3.64% 0.9438 97 .96% 2.04% 0.968

Corn 1 1856422 97.259% 2.71% 0.3805 a7.32% Z2.688% 0.59608
Soybeans 5 249249 95.83% 4.17% 0.9513 96.95% 3.05% 0.9643
Corn 1 803251 94.29% 5.71% 0.9342 95.78% 4.22% 0.8513
Soybeans 5 TOT3I83 95.03% 4.,97% 0.594359 97.72% 2.28% 0.59741

Crop—-specific covers only *Correct |Accuracy Error

COVERLLL ACCURACY 3688803 95.74% 4.26% 0.3145

State level accuracies

CWERLALL LCCURACY 3730053 97.05% 2.95% 0.94Za .
are very high

CWVERALL ACCURACY 3071960 94 . 05% 5.95% 0.88:281

OWERLLL LCCURACY 2306428 87.51% [2.45%% 0.841&

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.



Confidence Layer

Defined not as a

measure of
accuracy fora i
given pixel; = Ty SRR

but rather how | ' : :i,-’j -
well it fit within I e
the decision tree
ruleset.




Remote Sensing
Regression Estimation




Regression-based Acreage Estimator

State: SD08 AD: 00 Crop: Corn_PL
Stratum: 11 Version: via

500+
. — Reported=Classified Reported = 9.82 + 1.0 Classified
Regression used to relate — izt r2 = 0.919
categorized pixel counts to the T e

ground reference data 07

— (X) = Cropland Data Layer (CDL)
classified acres

— (Y) = June Agricultural Survey (JASEE
reported acres 5

w300+

200+

=]

utliers

Deleted

UsinF both CDL and JAS acreage
results in estimates with
reduced error rates over JAS
alone

100+

P L

Outlier segment detection- 10 Mo o a0
removal from regression analysis

IMG file description: _080922_

Acreage not just about
counting pixels



Outputs/Dissemination

 Metadata generation
 Classification release preparation



Faster

Lttribute Domain Values and Definitions:

Categorization Code

"1"
"2 Fr
"3 Fr
"_q"
"5"
"E"
Fr 1|:| Fr
"11"
Fr 12 Fr
Fr 13 Fr

CDL Metadata
* Published on each CDL product

CLASSIFICATION INFUTS:

Land Cover
Corn
Cotton
Rice
Sorghum
Sovbeans
Junflowers
Feanuts
Tobacco
Jweet Carn
Fopcorn or Ornamental Corn

Map Projection Mame: Albers Conical Equal Area
Llbers Conical Egqual Ares:

Standard Parallel: Z9.500000

Standard Parsallel: 45.500000
Longitude of Central Meridian: -56.000000
Latitude of Projection Origin: 23.000000

Falze Easting: 0.000000

Falze MNorthing: 0.000000

Planar Coordinate Information:

Planar Coordinate Encoding Method: row and columnn

Coordinate Representation:
lhscissa Resolution: 56
Ordinate Resolution: 56
Planar Distance Tnits: meters

Gendetic_HDdel:

Horizontal Datum_NamE: MNorth Awerican Datwun of 1933

Ellipsnid_ﬁame: Geodetic Reference System 50

Semi-major Axis:

6375137000000

Denominator of Flattening Ratio: 2895.zZ57223563

ROW CROPS 1-20

AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFS
AWIFSZ
AWIFS
AWIFSZ
AWIFS
AWIFSZ

MODIZ
MODIS
MODIZ
MODIS
MODIZ
MODIS
MODIS
MODIS
MODIS
MODIS

UsGs,
UsGs,
UsGs,

DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE
DATE

1a
16
1a
1a
1a
1a
1a
1a
1a
1a

DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY

NDWVI
NDWVI
NDWVI
NDWVI
NDWVI
NDWVI
NDWVI
NDWVI
NDWVI
NDWVI

20080413 PATH 264
Z0080413 PATH Z65
20080427 PATH 262
Z00804Z3 PATH Za7
20080503 PATH 2685
Z0080512Z PATH Z65
20080517 PATH Zeg
Z0080606 PATH Z70
20080614 PATH 262
Z00806Z5 PATH Zg9
20080629 PATH Ze85
Z0080704 PATH Ze66
20080713 PATH 263
Z0080715 PATH 273
20080802 PATH Za7
Z0080803 PATH 273
200805812 PATH Ze9
Z0080204 PATH Zg4
20080909 PATH Ze85
£0080214 PATH Z66
20080915 PATH 271

COMPOZITE
COMFOIITE
COMPOZITE
COMFPOSITE
COMPOZITE
COMFPOSITE
COMPOZITE
COMFPOSITE
COMPOZITE
COMFPOSITE

ROW (S £QUADRANT ()
ROW(S) sQTADRANT (5)
ROW (S £QUADRANT ()
ROW(S) sQTADRANT (5)
ROW (S £QUADRANT ()
ROW(S) sQTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQUTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQUTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQUTADRANT (5)
ROW(S) &QTADRANT (5)
ROW(S) sQUTADRANT (5)
ROW(S) &QTADRANT (5)

DATE 20071016
DATE 20071101
DATE 20071117
DATE 20030305
DATE 20080321
DATE 20030406
DATE 20080422
DATE 20030508
DATE 20080524
DATE 20030609

NATIONAL ELEVATION DATASET ELEVATICH
NATIOMNAL LAND COVER DATASET 2001 TREE CANOPY
NATIONAL LAND COVER DATASET Z001 IMPERVIOUSHNESS

35bh 40d 45bd
35bhd 40abcod 45ak
40khd

40d 45bd

35bhd 40beod 45abc
40bcd 45abhd

35d 40bd 45k
40d 45h

35bd 40bd 45h
40d 45bh S50bd
40kbd 45h

35a 40d 45bd
35abcod 40akbd 45k
35cd 40abed 45ak
35d 40abeod 45ahe
35d 40bc 45a
35c 40ac 45a
40kbd 45bpd

35kbd 40bd

404 45bd

45khd S50b



NASS Geospatial Dissemination Needs

* No online geospatial information access
— No geospatial crop visualization & browsing
— No geospatial query capability
— No geospatial online analytics

e NASS needed...

— Capabilities for on-line geospatial crop information
access, geospatial query and on-line analytics via
interactive maps

— Disseminate all data to decision makers and users via
real time retrieval, processing and publishing over the
web through standards-based geospatial we
services




land Explorer - NASS CDL Program

CropScape

* Develop CropScape web portal

* A web service based interactive map visualization,

dissemination and querying system for U.S. cropland

— No burden on users
* No client software development & installation
* No special software tools needed

— Equitable cropland information access, automatic and timely
delivery, geospatial navigation, retrieval, queries and
dissemination

* Collaboration with George Mason University/ Center
for Spatial Information Science and Systems


http://nassgeodata.gmu.edu/CDLExplorer/

CropScape Cont.

e State of the art CDL visualization, querying
and dissemination tool

* |nteractive geospatial statistical analysis tools
— Online/interactive analytics, charting and mapping

— Geospatial information access, navigation

— CDL map and statistical result retrieval and
dissemination web services

* Open geospatial standards compliant



CropScape Portal
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Harmonize ALL historical CDL products to standards:
color scheme, categories, projection, metadata
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http://nassgeodata.gmu.edu/CropScape/

CropScape Mashups
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Define Area of Interest By State/ASD/ County

Select a State
State: |[E |
Select an ASD
ASD: |Select an ASD... e
0Or Select a County
County: |Select a county... v
| 4¥ Reset || @ submit || €3 cancel |

State

Select Area of
Interest

Define Area of Interest By State/ASD/County

Select a State
State: lowa w
Select an ASD
ASD: | |
1910
Or Select 2 1920
County: 1530
1940

1950
190
1970

—

QI8)

Define Area of Interest By State/ASD/( Q-/

select a State
State: | Iowa b

select an ASD
ASD: b

0Or Select a County
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Pie/Histogram/Graphic

CropScape Stats &
[ T [y |
: po— :.!-‘h

Data Preview of Corn, Soybeans
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1 Comn 807149 179505 "|

.4‘

| 5 Soybeans 669233 148833

1k

|:| 121 MLCD - Developed/Open Space 24172 18715 fr ‘ .
[ 62 Grazs/Pasture/Non-Ag 23425 “2[!9 h “ ‘

10 aplaml Data Layer Statistics for Pocahontas, Iowa rf
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Cmpland Data I_aver Changﬁ between Illlﬂ'!l' and 2008
4 =

2005

O
O
I
o
O
I
O
O
I
O

Rice

Soybeanz

Cotton

Soybeans

NLCD - Developed/Open Space
MLCD - Woody VWetlandz

HLCD - Deciduous Forest
Other Hays

e

d Change Analysis

]
| ]
. H - Select the Reference Year: 2009
F Select the Other Year: 2008

| @ submit || €3 cancel

Mote: Pixel countz are not official estimates.

2008 Pixel Counts = Acreage
Soybeans 133502 103453 6
Rice 129916 100674.7
Cotton 120872 93666.3
Sovbeans 106428 82473 .4
NLCD - Developed/Open Space 25414 66139.2
MLCD - Woody Wetlands 83660 54230
MLCD - Deciduous Forest Tadz 268111
Other Hays 61496 47654 .6
Rice 39116 30311.8
M7T22 M2239.6

%




CDL Downloading - Please specify your choice(s)
Select Year(s)
ear: ¥| 2010 v| 2009 v| 2008 v| 2007
Download Files from Server ¥
[]2o06 []2005 []2004 []2003
2002 [J2000 []2000 []1999 http://129.174.131.228/nass_data_cache/polygonclip_201101180¢
LR |HDuwnIuad | | ﬂ Preview | |®Expurt as KML |
Specify Projection . d | d
Projection: LIS.-!\ Contiguous Albers Equal Area Conic USGE] PreVIGW an DOWh 04
- USA Configuous Albers Equal Area Conic USGS

UTM Zone 13

Data Preview X
Degrees Lat/Lon, WGS84 Datum = :

2010 | 2009 | 2008 | 2007 |

UTM Zone 16
UTM Zone 14

Specify Years and Projection
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CropScape Future

* Enhance existing functions
— Change analysis mapping
— Online map generation for production & printing

 Add new capabilities
— Multi-county analysis
— Client data layer mash-up (capability to add data by user)

— Multi-year crop acreage statistical change graphics for
state, county, or area

e Feasibility study for hosting on commercial cloud
computing service, such as Amazon Cloud



CDL Distribution

= http://nassgeodata.gmu.edu/CropScape

= http://datagateway.nrcs.usda.gov
= http://www.nass.usda.gov/Research_and_Science

ropScape - Cropland Data Layer
o g d

USD United States Department of Agriculture
= National Agricultural Statistics Service

EE [smiEn Oy & ¢

o
g

£F Layers | &) Legend

=3 Background Layer
E)® Global Land Cover
EO None
d Data Layers

010

=3 Cro

yDA Uizl 5
= | INELT

g
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http://datagateway.nrcs.usda.gov/
http://datagateway.nrcs.usda.gov/
http://nassgeodata.gmu.edu/CropScape/

Thank you!

\e .

Spatial Analysis Research Section
USDA/NASS R&D Division

nassgeodata.gmu/CropScape



