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PREFACE

This document was prepared by Lockheed Electronics Company, Inc.
(LEC), Systems and Services Division, Houston, Texas, from mate-
rials provided by NASA and LEC. This work was done under contract
NAS 9-15200 for the Earth Observations Division, Science and Appli-
cations Directorate, National Aeronautics and Space Administration,

Lyndon B. Johnson Space Center.

NOTE: This report has been released as a "PROJECT WORKING DOCUMENT"
to provide an expedited mechanism for making preliminary Accuracy
Assessment results available within the Large Area Crop Inventory

Experiment.

1.3 1



CONTENTS

Section Page
1. ENFTRODUCTION ST Sl o e s e s e o e s e s e 1-1
ot OspgemItissl 5 o & 5 o o9 9 5 6 9 ¢ o G od o o8 & a8 oa oo =1
1.2 ACCURACY ASSESSMENT ACTIVITIES . < . « « &« o = =« & 1-2
1.2.1 ACTIVITIES REPORTED IN THE QUICK-LOOK
REEQRT S S e 1-2
1.2.2 ACTIVITIES REPORTED IN THE INTERIM AND
EINALNRERO RIS s e o T 1-3
1.2.3 ACTIVITIES REPORTED IN AA UNSCHEDULED REPORTS. . 1-3
2% S MM A R e s T 2-1
2.1 PHASE fT. o o o & o o ap & o s ens e e s m s m e s 2=
Zord  PelASiy I 6 4 6 & o o o o o o o o o o o o0 o & o oo o 2-2
3. PHASE I ACCURACY ASSESSMENT . . « - < « = & & « o & s = 3-1
3.1 COMPARISON OF LACIE AND USDA/SRS ACREAGE
B S M AR S R o e T R T 3-1
SO I EHESCAS SIANDHATANBASE S 3-1
3.1.2 AGGREGATIONS WITH THE 1B DATA BASE . . . . . . . 3-4
3.1.3 THE CAMS REWORK EXPERIMENT . . . « « « ¢ « o « = 3-5
3.2 ESTIMATION OF AREA ERROR USING BLIND SITE DATA . . 3-9
393 RESULTSEGENPHAS ENIE T e e . 3-11
4, PHASE ST FNACEURACY FASSESSMENT ST o st e e e e 4-1
4.1 ASSESSMENT OF PRODUCTION ESTIMATION. . . . . . . . 4-1
4.1.1 ‘THE 90/90 CRITERION. & % s = .-k & = » 5 & © @ 4-1
4.1.2 COMPARISON OF LACIE AND USDA/SRS PRODUCTION
ESTIMATES., <« o & « & & = = @ © &5 & o = % & & = = 4-3
4.1.3 FIRST-ORDER PRODUCTION ERROR COMPONENTS. . . . . 5-15

iv



Section

4.2 ASSESSMENT OF ACREAGE ESTIMATION.

4.2.1 COMPARISON OF LACIE AND USDA/SRS ACREAGE
ESTIMATES S8 C g oidc og o s s e o .

4.2.2 INVESTIGATIONS OF CLASSIFICATION ERROR.

4.2.2.1 Winter Wheat Blind Site Investigations. . .

4.2.2.2 Spring Wheat Blind Site Investigations. . .

4.2.2.3 Bias Due to Classification Error. . . . . .

4.2.3 ESTIMATION OF THE WITHIN-STRATUM ACREAGE
VARIANCES DUE TO CLASSIFICATION AND SAMPLING
B R R @ R S e S

4.3 COMPARISON OF LACIE AND USDA/SRS YIELD
ESTEMATES ol o0 c s e s e

5. « PHASE I SBECIAL STUDIES. . <. . d .« & o & &

5.1 A STUDY OF THE EFFECTS OF SITE, BIOPHASE, AND AI.

Siodboll JOMPUROIBIOEIREON. & & o 5 0 o 5 & & o o o o

50102 ANOVASMODEL S SR st e
5130 RESULT S ANDNCONCEUSITEONSE R o s o e
5.2 FOUR-AI STUDY OF THE EFFECT OF SMALL GRAINS

PROPORTION, AMOUNT OF TRAINING DATA, AND
2RiOlEleleSig, & o & & & o 0 O o 6 o 2 o 5 o & o o

5.2.1 EFFECT OF THE PROPORTION OF SMALL GRAINS IN
THE SEGMENT . . ¢ . ¢ o o & o . o o &

5.2.2 EFFECT OF THE AMOUNT OF TRAINING DATA . . . .
5.2.3 EFFECT OF BIOPHASE ON LABELING ACCURACY . . .

5.3 CAMS REWORK EXPERIMENT.

5.3.1 COMPARISON OF CAMS REGULAR VERSUS CAMS
REWORKERESULESSEET T s s s e .

5.4 BLIND SITE PROPORTION ERRORS IN CAMS REGULAR
AND REWORK PROCEDURES . . . . . . . . .

.

5.5 CROP CALENDAR VERIFICATION.




Section Page

5.5.1 KANSAS (WINTER WHEAT). . . . . . . . . . . . . . 5-19
5.5.2 TEXAS (WINTER WHEAT) . . . . . . « v « « « « . . 5221
5.5.3 MINNESOTA (SPRING WHEAT) . . . . . « « « « . . . 5=22
5.5.4 MONTANA (SPRING WHEAT) . . « « . + = « « o « . . 5=22
5.5.5 NORTH DAKOTA (SPRING WHEAT). . . . . . . . . . . ©5=24
5.5.6 RESULTS OF ACC ANALYSIS. . . . . . . . . . . . . 5=25
6. PHASE IT SPECIAL STUDIES. . . . . = « + v « « « « « « . 6-1
6.1 ITS STUDY OF THE DEPENDENCE OF CAMS ERROR ON
TRUE WHEAT PROPORTIONS . . . . . . . . - . - . . . 6-1
6.2 INVESTIGATION OF THE DEPENDENCE OF CAMS ERROR ON
ACOUISTITION DETE - . » = & - sivus = 5. o e & 5 b 6=3
6.2.1 ITS INVESTIGATION. . . . . « « & « « = « . « . . 6-3
6.2.2 BLIND SITE INVESTIGATION . . . . . +. = « « . . . 6-4

6.3 ITS STUDY OF LABELING AND CLASSIFICATION

ERRORS -, o "5 & 2 ®:5 & & & % & 5 % % & ¢ = w =« = = B=b
6.4 EFFECT OF BIOPHASE ON PROPORTION ESTIMATION. . . . 6-10
6.4.1 EFFECT OF VARIOUS BIOPHASE COMBINATIONS. . . . . 6-10
6.4.2 BIOPHASE 1 VERSUS BIOPHASE 4 . . . . . . . . . . 6-11
6.5 ADJUSTABLE CROP CALENDAR ERROR . . . . . . . . . . ©6-12
6.6 RELATION OF CAMS ERROR TO CROP CALENDAR ERROR. . . 6-14
6.7 SUMMARY OF PHASE II TEST AND EVALUATION OF
YIELD MODEES . < = 5 "% < 2.5 = = 2 = & & 2 « = » » ©=15
Appendix
A PHASE II ACCURACY ASSESSMENT METHODOLOGY. . . . . . . . A-1
A.]l INTRODUCTION .. » « - o w0 e o acdfdSisds o s.:0s o A=l

A.2 COMPARISON OF LACIE ESTIMATES WITH REFERENCE
STANDARDS. = » & & = & w 'snie =t & @ deiei ks o= ol oB=1

vi



Section
A.3  ERROR SOURCES IN LACIE. . .« . .
A 3 I A R A G e e .
A.3.1.1 Error in Proportion Estimates at the
Segment Level . . . . . . . . < < .+ . .
A.3.1.2 Acreage Estimation. . . . « ¢« « . .

A.3.1.2.1 Background of Sample Allocation . .

A.3.1.2.2 Aggregation of Acreage Estimates. . . . .

A.3.1.3 Acreage Variance Estimation . . . . . . . .

A.3.1.4 Acreage Bias Estimation . . . . . . . . . .

A.3.1.5 Contribution of Sampling and Classification

to Acreage Estimation Error . . . . . . . . .

AL 3k 5018 Appreach. = & = & 5 st . D e s e e s s om e

A.3.1.5.2 Acreage Regression Models . . . . . . . . .

A.3.1.5.3 Normality Assumptions - Maximum Likelihood

Estimation of p*. . . . . . . « <« « « . .

A.3.1.5.4 Accuracy of 6

Ae

3.

2

Y T L e e

A.3.2.1 Yield PredictionN. . . « &« ¢« v o o o o o «

A.3.2.2 Estimation of the Yield Prediction Error. .

A.3.3

IZIOIBIOERILO - 5 & 5 & & 5 5 6 o 5 o 49 o o oo oo oo

A.3.3.1 Production Estimation . . .

A.3.3.2 Production Variance Estimation. . . . . . . .

A.3.3.3 Production Bias Estimation. . . .

A,3.3.4 Evaluating.the 90/90 CriferiofN. « « s = = = i

A.3.3.5 Effect of Errors in Acreage, Yield, Sampling,

and Classification on the Production
Variances ok s m i aa s . . .

PHASESTTNBETLNDES NNESDATANIE T e s s
PHASE I INTENSIVE TEST SITES . . . . « ¢ « « ¢ o o o =

vii

A=2=

A-20

A-21

A-21

A-22

A-22

A-23

A-26

A-27






Table

TABLES

MONTHLY ESTIMATES OF WHEAT ACREAGE BASED ON THE
CAS 1A and 1B DATA BASES COMPARED WITH SRS
ESTEMATES S o SR iic ot el e S o sl Do e .

COMPARISON OF USDA/SRS AND LACIE AT-HARVEST
ESTIMATES OF WHEAT AREA. . . . . . . « « « .« =

COMPARISON OF USDA/SRS AND LACIE AT-HARVEST
ESTIMATES OF WHEAT AREA. . . . . .« « ¢ « « =

LACIE BLIND SITE DATA. . . . . « « .

COMPARISON OF USDA/SRS AND LACIE PRODUCTION
ESTIMATESIE NG o o g s s e s s ..

REDUCTIONS IN THE PRODUCTION CV CAUSED BY
OMITTING VARIOUS ERRORS. . . . . . . « « « « « o« =

COMPARISON OF USDA/SRS AND LACIE ACREAGE
EST EMATESISEGE S .

ESTIMATES OF EARLY SEASON SMALL-GRAIN PERCENTAGE
FOR 29 BLIND SITES AND 6 INTENSIVE TEST SITES IN
iy UEEElPs 5 6 o 5 6 4 o ¢ o 5 o A 5 oS5 6 5 oo o O oo

WINTER WHEAT BLIND SITE RESULTS FOR THE USSGP. . .
COMPARISON OF LACIE ESTIMATES TO GROUND-OBSERVED
PROPORTIONS OVER WINTER WHEAT BLIND SITES IN
EHENUSGE oo iie s o e e e,
SPRING WHEAT BLIND SITE RESULTS FOR THE USNGP. . .

PHASE II FINAL RESULTS FOR SPRING WHEAT BLIND
STETES N SN G

MEASUREMENTS OF CLASSIFICATION ERROR (LACIE
ESTIMATES VERSUS GROUND-OBSERVED PROPORTIONS)
OVER ALL AVAILABLE BLIND SITES IN THE USGP .

ESTIMATES OF THE BIAS AND RELATIVE BIAS OF THE
LACIE ACREAGE AGGREGATION ESTIMATES USING BLIND
SIEESE

ACREAGE VARIANCES DUE TO CLASSIFICATION AND
SAMPLING ERRORS. . . . . . . . « « « &

viii

Page



COMPARISON OF USDA/SRS AND LACIE YIELD ESTIMATES.

CAMS PROPORTION ESTIMATE, PERCENTAGE OF SMALL
GRAINS. o e & s« o w. @ & % s u =5 % = o "% wiid o

DIFFERENCES IN PHYSICAL CHARACTERISTICS OF
INTENSTIVE TEST SITES. < . o « - -

ANALYSES OF VARIANCE OF INTENSIVE TEST SITE DATA.
TRAINING FIELD LABELING ACCURACY BY BIOPHASE.
ACQUISITIONS FOR CAMS REWORK EXPERIMENT
COMPARISON OF CAMS REGULAR VERSUS REWORK RESULTS.

ADJUSTABLE CROP CALENDAR FOR U.S. GREAT PLAINS
ENTENSTVESTESTESTTES o i e .

FULL-MONTH CLASSIFICATION ERROR FOR WINTER WHEAT.

MID-MONTH TO MID-MONTH CLASSIFICATION ERROR FOR
W R R T R T T

ITS WINTER WHEAT FINAL CLASSIFICATION RESULTS .
ITS SPRING WHEAT FINAL CLASSIFICATION RESULTS . .

CLASSIFICATION ERROR BY BIOWINDOW COMBINATION
(Rpowday Wisloeth) o o o o 5 9 0 o o o o0 4 o o o ¢

COMPARISON OF LACIE ADJUSTABLE CROP CALENDAR WITH
OBSERVED STAGES IN THE EIGHT INTENSIVE TEST SITES
IN THE U.S. SOGUTHERN GREAT PLAINS & " & o il .

CORRELATION OF CROP CALENDAR ERRORS AND
CLASSTRICATIONNERRORS I s o e

1x



FIGURES

Figure

4-1 LACIE and USDA/SRS production estimates

[bushels x 106]. e
4-2 LACIE and USDA/SRS acreage estimates

[acres = 106]. o e o e et e e e e @ w s
4-3 Plot of winter wheat proportion estimation

errors versus ground truth winter wheat
proportions for blind sites in the USSGP . .

4-4 Plots of spring wheat proportions estimation
errors versus ground truth values for blind sites
in the USNGP . . . « & @« o & = o & =

4-5 LACIE and USDA/SRS yield estimates [bushels/acre].

5—i Proportion error versus ground truth small
grains Proportions v « « » @ = & © -8 @ 8 @ =2 @ o

5-2 Fraction of the classified wheat thresholded
versus ground truth small grains proportion.

5=3 Proportion error versus the number of training
PASELE ¢ o o o 5 s © o o o o o o 5 o o @ o o o o G
5-4 Errors in the CAMS regular estimates as a
fFune tilonNet RX RN T
5=15 Errors in the CAMS rework estimates as a

function of X.

5=6 Crop calendar comparisons (winter wheat)

=7 Crop calendar comparisons (spring wheat) . . . . .

6-1 Plot of CAMS classification error as a function
of ground truth wheat proportions. . . . . . . .

6-2 Plot of CAMS classification error as a function

of ground truth wheat proportions. . . . . . . . .
6-3 Plot of CAMS error as a function of acquisition
date for winter wheat. . . . . . . . . . . .

Page



Plot of CAMS error as a function of acquisition
date for spring wheat. . . .

Plot of observed and predicted progression of
crop calendar stages for the Deaf Smith County,
e XalS TS R N T

Diagram showing value of relative bias and Cv(ﬁ)
for which 90/90 criterion is satisfied

X1

Page



AA
ACC
agromet

biowindow or
biophase

biostage

blind sites

BMTS

ABBREVIATIONS

Accuracy Assessment.
adjustable crop calendar.
agricultural/meteorological.

biological window, biological phase — a Landsat
data acquisition period that is related to the
biostages of wheat development. The LACIE
approach is based on the judgment that wheat can
be separated adequately from other crops by anal-
ysis of up to four acquisitions of Landsat data
during the growing season. The biowindow may be
updated if there is a significant lag or advance-
ment in the current crop calendar. The sequence
chosen includes acquisitions during the following
biowindows:

l. Crop establishment — from 50 percent tiller-
ing to 50 percent jointing (biostage 2.3 to
3.0 .

2. Green — from 50 percent jointing to 50 percent
heading (biostage 3.1 to 4.0).

3. Heading — from 50 percent heading to 50 per-
cent soft dough (biostage 4.1 to 5.0).

4. Mature — from 50 percent soft dough to 50 per-
cent harvest (biostage 5.1 to 6.0).

biological stage — the specific stage of develop-
ment of a crop which can be recognized by a major
change in plant structure; i.e., emergence after
germination, jointing, heading, soft dough, ripen-
ing, and harvest, which are represented by integers
on the Robertson Biometeorological Time Scale.

LACIE sample segments chosen at random for which
ground truth is obtained in order to test classi-
fication performance. The identity of the blind
sites is withheld from the CAMS analysts so that
these segments will be treated the same as the
other segments.

Biometeorological Time Scale.
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CAMS
CAS

CCEA

classification

classification
error

CMR

CRD

crop calendar

crop calendar
adjustment

CUR

CV

DAPTS

Group 2
segment

IE

IMR

Classification and Mensuration Subsystem.
Crop Assessment Subsystem.

Center for Climatological and Environmental
Assessment — an organization of the National

Oceanic and Atmospheric Administration, Columbia,
Missouri.

in computer-aided analysis of remotely sensed
data, the process of assigning data points to
various classes by a testing process in which the
spectral properties of each unknown data point are
compared with spectral properties typical of these
classes.

a measure of the degree to which the LACIE CAMS
either overestimates or underestimates the wheat
acreage in a specific area.

CAS Monthly Report.

Crop Reporting District — a geographical area used
by the U.S. Department of Agriculture for the col-
lection and reporting of agricultural information;
each district consists of several counties.

a calendar depicting the biostages of the major

crop types within a specified region during a cal-
endar year.

an adjustment made to the normal crop calendar on
the basis of current meteorological data.

CAS Unscheduled Report.

coefficient of variation
divided by the mean).

(standard deviation

Data Acquisition, and Transmission

Subsystem.

Preprocessing,

LACIE segment in a county that historically pro-
duces small quantities of wheat/small grains;
samples are allocated with probability propor-
tional to size.

Information Evaluation.

IE Monthly Report.
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TS

JsC

LACIE

Landsat

LEC
MSE

MSS

NASA
NOAA

90/90
criterion

PRS

Sample seg-
ments

USDA

USDA/ASCS

USDA/SRS

intensive test site — a LACIE segment in the Uni?ed
States or Canada on which detailed crop information
is collected by using ground and airborne equipment.

Lyndon B. Johnson Space Center of NASA, Houston,
Texas.

Large Area Crop Inventory Experiment.

Land Satellite — formerly called ERTS (Earth
Resources Technology Satellite); operates in a cir-
cular, Sun-synchronous, near-polar orbit of Earth
at an altitude of approximately 915 kilometers;
orbits Earth about 14 times a day and views the
same scene approximately every 18 days.

Lockheed Electronics Company, Inc.

mean square error.

Multispectral Scanner System or multispectral scan-
ner — the remote sensing instrument on Landsat that
measures reflected sunlight in various spectral
bands or wavelengths.

National Aeronautics and Space Administration.

National Oceanic and Atmospheric Administration.

criterion that the LACIE U.S. Great Plains at-har-
vest production estimate be within 10 percent of
the true value with a probability of at least 0.9.
probability proportional to size.

the 5- by 6-nautical-mile areas used as samples

in LACIE to make acreage estimates. They are se-
lected by a sampling strategy which is described
in appendix A.

U.S. Department of Agriculture.

USDA Agricultural Stabilization and Conservation
Service.

USDA Statistical Reporting Service.

X1iv



U.S. Great Plains
(USGP)
(USSGP)
(USNGP)

The U.S. Great Plains (USGP), an area encompass-
ing the nine states of Colorado, Kansas, Minne-
sota, Montana, Nebraska, North and South Dakota,
Oklahoma, and Texas; it is divided geographic-
ally into (1) the U.S. southern Great Plains
(USSGP) , which includes Colorado, Kansas, Neb-
raska, Oklahoma and Texas, and (2) the U.S.
northern Great Plains (USNGP), which includes
Minnesota, Montana, and North and South Dakota.
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1. INTRODUCTION

The Large Area Crop Inventory Experiment (LACIE) is an interagency
endeavor of the National Aeronautics and Space Administration
(NASA) , the National Oceanic and Atmospheric Administration (NOAA),
and the United States Department of Agriculture (USDA). Its pur-
poses are (1) to demonstrate the economical benefit to be obtained
by using remotely sensed data from the Land Satellite (Landsat)
for agricultural applications, (2) to test the capability of a
system utilizing remote sensing in conjunction with climatologi-
cal, meteorological, and conventional data to produce timely
estimates of the production of a major world crop prior to har-
vest, and (3) to validate the technology and procedures for such

a system.

In accordance with the objectives of LACIE, the Accuracy Assess-
ment (AA) effort is designed to check the accuracy of the products
from the experimental operations throughout the growing season and
thereby determine if the procedures used are adequate to accom-

plish the above objectives.

1.1 OBJECTIVES

The objectives of AA are as follows:

a. To determine whether the accuracy goal of the LACIE estimate
of wheat production for a region or country is being met.
The LACIE accuracy goal is a 90/90 at-harvest criterion for
wheat production. This specifies that the at-harvest wheat
production estimate for the region or country be within

10 percent of the true production 90 percent of the time.

b. To determine the accuracy and reliability of early season
estimates and estimates made at regular intervals throughout
a crop season prior to harvest. This includes a determination
of the degree to which the 90/90 criterion is supported at

these intervals during the crop season.

gt



c. To study the various sources of error in the LACIE estimates
of wheat production, area, and yield, quantify these errors

where possible, and recommend procedures for reducing the
Eerror.

1.2 ACCURACY ASSESSMENT ACTIVITIES

In order to satisfy its objectives, AA carries out general types
of evaluations and the results are presented in (1) monthly quick-
look reports; (2) a number of interim reports leading up to a
final report, and (3) certain special reports. The following
paragraphs contain descriptions of the AA evaluations presented

in the three types of reports.

1.2.1 ACTIVITIES REPORTED IN THE QUICK-LOOK REPORTS

The quick-look reports contain an evaluation by AA of the LACIE
estimates reported in the Crop Assessment Subsystem (CAS) monthly
reports (CMR's) and the CAS annual report (CAR). The quick-look
reports are released one week following the release of a CMR or a
CAR. The CMR's and CAR's contain the official LACIE estimates of
wheat production, area, and yield, and the corresponding statis-
tics. The true wheat production, area, and yield for the par-
ticular region or country are; of course, unknown. Therefore,

to ascertain the accuracy of the LACIE estimates, comparisons

are made with a reference standard. In the United States, the
reference standard consists of the most recent (at the time of
the comparison) estimates released by the Statistical Reporting
Service of the USDA (USDA/SRS). 1In foreign countries, the refer-
ence consists of the most recent estimates released by the Foreign
Agricultural Service of the USDA (USDA/FAS). The AA quick-look
reports contain a comparison of the LACIE estimates of wheat
production, area, and yield with the corresponding reference
standard, as well as significance tests of no difference at the
region or country level. If the significance test at the region

or country level yields a significant difference, the relative

=2



difference calculated at the zone level (state in the U.S.) 1is

used to indicate the problem areas.

1.2.2 ACTIVITIES REPORTED IN THE INTERIM AND FINAL REPORTS

The interim reports are released at regular intervals throughout
the crop season. They contain the results of the previous quick-
look reports, a discussion of the 90/90 criterion as it applies
to the region for which the LACIE estimates of wheat production
are available, and the results of investigations of the error

sources in the LACIE wheat production estimate.¥*

Each interim report is built up from the previous one by including
data that became available during the interim period. Technical
comments on each report are solicited from a variety of sources
and are used to upgrade subsequent reports. Early and mid-

season evaluations are made in the first and second interim
reports; late season and at-harvest evaluations are made in the

third and fourth interim reports.

The fourth interim report also serves as a draft for the final
report, which contains material which is similar to the interim

reports but covers the entire year.

The above schedule was followed in Phase II. In Phase I there
were no interim reports and the Phase I final report will be

incorporated into the Phase II final report.

1.2.3 ACTIVITIES REPORTED IN AA UNSCHEDULED REPORTS

From time to time, special investigations are carried out that
are of interest to LACIE but which are not required on a regular
basis such as those mentioned above. These investigations are

reported in AA unscheduled reports.

*A detailed description of the error sources in LACIE is given 1n
appendix A.
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2. SUMMARY

2.1 PHASE 1

Phase I of the LACIE project concentrated on the estimation of
wheat acreage. Yield and production feasibility studies were
also carried out but the Accuracy Assessment team investigated

only the accuracy of acreage estimation.

The initial CAS estimates, which were made for each month from
April through August, were considerably higher than the USDA/SRS
estimates. This was attributed to (1) the practice of consider-
ing bare ground as "potential wheat" and counting it as wheat,

(2) overestimation of the wheat proportions in segments having
only a small amount of wheat, and (3) the classification of
confusion crops as wheat. At the end of the season most of the
segments were reworked using improved methods based on experience
gained during the season. In particular, new procedures were

developed to solve the three problems listed above.

These and other improvements used in the rework experiment resulted
in at-harvest estimates that were much closer to the USDA/SRS esti-
mates than those obtained during the regular season. At the U.S.
Great Plains (USGP) level the relative difference* was -1l percent.
An attempt was made to evaluate whether the acreage results could
support the 90/90 criterion. For this purpose it was assumed

that the acreage and yield estimates were unbiased and independent,
and that the coefficients of variation (CV) for acreage (CVA) and
for yield (CVY) were equal. If this were true, the 90/90 criterion
applied at a given level** would be satisfied if CVA for that level

LACIE-SRS
LACIE :

**In Phase I the 90/90 criterion was applied at the national level;
in Phase II it was applied at the USGP level.

*Relative difference is defined as



was less than 4.25 percent and if the acreage estimate was
unbiased. In Phase I the estimate of CVA at the national level
was 3.74. Therefore, the 90/90 criterion would have been satis-
fied if the acreage estimate were unbiased. In fact some bias
would be allowed, since 3.74 is somewhat smaller than 4.25. The
relative differences between the LACIE and USDA/SRS estimates
indicated that some bias was indeed present, but no accurate
estimate of this bias was performed in Phase I; therefore, it is
not possible to say whether or not the results satisfied the

90/90 criterion at the national level.

The area of most concern in Phase I was North Dakota, which had

a relative difference of -74.6 percent. Blind site investiga-
tions indicated that the source of this problem was sampling
error. The experience gained in Phase I was used in developing
the CAMS system for Phase II. Several changes were made on the
basis of this experience. In particular, more sample segments
were allocated to North Dakota, and the classification procedures
developed for the CAMS rework experiment became the basis for the

Phase II CAMS operations.

2.2 PHASE II

Yn Phase II, estimates were made for acreage, yield, and produc-
tion. Géherally the LACIE yield estimates were quite close to
the USDA/SRS estimates and therefore can be considered satis-
factory. However, the acreage and production estimates at the
USGP level were low compared to the USDA/SRS estimates, due
primarily to significant underestimates for spring wheat in the
four U.S. northern Great Plains (USNGP) states and for winter

wheat in Oklahoma.
For winter wheat in the USGP, the relative difference between the

final LACIE production estimate and the USDA/SRS estimate was
-7.2 percent. A significance test indicated that the LACIE
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estimate was not significantly different from the USDA/SRS esti-
mate at the 1l0-percent level of significance. However, underesti-
mation problems were still evident in Oklahoma. Investigations
indicated that this underestimate was partially due (1) to drought
conditions, which c@§$ed wheat signatures to differ significantly
from those of normal wheat, and (2) the resulting late "greening
up" of the winter wheat crop, which caused the actual greening up
of the crop to vary considerably from the crop calendar for

"normal" winter wheat.

For spring wheat production, the relative difference between the
final LACIE and USDA/SRS estimates for the USGP region was

-22.3 percent. North Dakota had a relative difference of

-6.6 percent, indicating that the problems encountered with this
state in Phase I largely had been solved. The major contributors
to the spring wheat underestimate in Phase II were Minnesota
(relative difference -89.6) and Montana (relative difference
-67.4). The spring wheat proportions were obtained from small-
grains proportion estimates produced by CAMS by using historical
wheat/small-grains ratios. Spring wheat blind site investigation
indicated that there was underestimation of the small grains
proportions in Minnesota and Montana. One of the major causes
for this was that strip fallow fields were not classified well.
(Several other reasons are discussed later, in section 4.2.2.2.)
Also, the blind site investigations indicated that sampling
errors and incorrect estimates of wheat/small grains ratios fur-

ther contributed to the underestimation.

For total wheat in the USGP, the relative difference between the
final LACIE production estimate and the USDA estimate was -12.3,
a statistically significant difference. The LACIE estimate was
evaluated in terms of the 90/90 criterion using an estimate for
the relative bias in the LACIE production estimate; it was found

that the 90/90 criterion was not met. The CV for production,



estimated to be 5 percent, was sufficiently small for the 90/90
criterion to be satisfied if the production estimate had a rela-
tive bias whose absolute value was less than approximately 4 per-
cent. However, the estimate obtained was much larger than this.
The large bias was due to acreage underestimation, particularly
for spring wheat, and this problem will have to be solved for
LACIE to meet its goals. In Phase III, several steps have been
taken to solve the problems outlined above. In particular, (1)
new classification procedures have been instituted which hope-
fully will reduce the bias in the classification results, (2) the
number of sample segments has been increased from 431 to 601, and
(3) an effort will be made to separate spring wheat from spring
small grains and thereby avoid the error due to ratioing of wheat

to small grains.

Finally, it can be inferred that an accuracy goal of 90/75 was
‘achieved with the present estimates of the relative bias and CV
of the LACIE wheat production estimate for the USGP. That is,
with an estimate of -24.0 percent for the relative bias and an
estimate of 5.0 percent for CV(P), one is 90-percent confident
that the LACIE estimate is within *25 percent of the true wheat
production of the USGP.



3. PHASE I ACCURACY ASSESSMENT

LACIE Phase I investigations conducted during the 1975 crop year
concentrated on the identification and estimation of wheat acreage.
Therefore, this section contains only assessments of Phase I

acreage estimation results.

3.1 COMPARISON OF LACIE AND USDA/SRS ACREAGE ESTIMATES

Three different data bases were used to generate acreage esti-
mates in Phase I; the results obtained with these data bases are

described in sections 3.1.1 through 3.1.3.

3.1.1 THE CAS 1A DATA BASE

The 1A data base contained all the sample segments processed by
CAMS. It was used with the initial quasi-operational system to
produce acreage estimates for April through August. This opera-
tion was concerned primarily with "debugging" the system. The

results are shown in table 3-1.

The LACIE estimates for April through July are for winter wheat
only. Thus, the estimates listed under "Mixed Wheat" for these
months should not be compared with the corresponding USDA/SRS
estimates, which include spring wheat. The LACIE estimates for
August include spring wheat and therefore all can be compared
with the USDA/SRS values.

It will be seen that there is a large positive bias relative to
the USDA results for all months. The overestimates were attrib-
uted to the following causes:

a. Most of the Landsat data acquired early in the growing season
were acquired before the wheat had emerged, since real-time
crop calendars were not available to use for computing acqui-

sition dates until May of 1975. This period in the growing
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season was called biowindow 1A and covered the period from
50-percent planted to dormancy. The 1A data base received
this name because it included data from this period. Area
estimates were attempted using these data by declaring areas
of seed bed preparation (i.e., bare ground) as "potential
wheat" and including them in the estimates. Since fall
plowing is done for various reasons, this produced overesti-
mates. The biowindow 1A data represented the largest percent-
age by biowindow that was used in the April through July
aggregations. It also influenced the August aggregation, but

to a lesser extent.

b. There was a marked tendency to overestimate the proportion of
wheat in Group II counties. This led to a thorough review of
Group II aggregation in LACIE. It was determined that the
Group II aggregation was satisfactory and that the problem
was due to overestimation of sample segment proportions for
segments having only a small amount of wheat. Most Group II
segments fell into this category. Therefore, a new procedure,
consisting of hand-counting all the wheat pixels for segments
with a small amount of wheat, was instituted and was used in

the CAMS rework procedure described below.

c. The classification of confusion crops as wheat also led to
overestimates. This effect is particularly important in the
spring and mixed wheat states where there are large gquantities
of other small grains which are difficult to distinguish from
spring wheat. Each acquisition had an estimate for wheat
alone and sometimes had an estimate for small grains (i.e.,

wheat plus confusion crops). If both were given, the small
grains estimate was used.

In order to avoid the problems caused by the data from biowindow
1A, the 1B data base was formed.



3.1.2 AGGREGATIONS WITH THE 1B DATA BASE

The 1B data base was obtained by eliminating the data from bio-
window 1A from the 1A data base. The remaining portion of bio-
window 1 was called biowindow 1B and covered the period from
dormancy to jointing. The 1B data base therefore consisted of
all the data in the 1B biowindow plus all of the data for bio-
windows 2, 3, and 4.

Aggregations with the 1B data base were carried out for July and
August. The results are given in table 3-1. 1In July the 1B
estimates are all lower than the 1A estimates with the exception
of those for Oklahoma. At the U.S. southern Great Plains (USSGP)
level, the 1B estimate was 4.0 x 106 acres lower than the 1A
estimate but was still 14.4 x 106 acres larger than the USDA/SRS
estimate. At the USGP level, the 1B estimate was 12.3 x 106 acres
lower than the 1A estimate but it cannot be compared with the
USDA/SRS estimate since the latter includes spring wheat and the
LACIE estimates for July do not.

In August, the differences between the estimates from the 1A and
1B data bases were smaller than in July. This was probably due
to the smaller influence of biowindow 1 acquisitions for the 1A
data base in August. In July, 106 acquisitions out of 232 were
from biowindow 1l; in August 87 out of 340 were from biowindow 1.
The August estimates all can be compared with the USDA/SRS esti-
mates. At the USSGP and USGP levels, the 1B estimates are
slightly lower than the 1A estimates but are still much higher
than the USDA/SRS estimates.

The improvements obtained from using the 1B data base were prob-
ably due mainly to a reduction in the amount of bare ground clas-
sified as wheat. However, bare ground was still classified as
wheat in the 1B aggregations, and this probably accounted for a

substantial part of the remaining overestimates. Also, factors
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b and c (section 3.1.1) are expected to have contributed to the
1B aggregations in the same way they did with the 1A aggregations.

3.1.3 THE CAMS REWORK EXPERIMENT

At the end of the season a new at-harvest estimate of wheat
acreage was obtained by reworking the data using techniques based

on experience acquired throughout the season. In particular:
a. Bare ground was not counted as wheat.

b. Acquisitions that appeared very difficult to interpret were

not used.

c. All segments used had at least two acquisitions, of which one

was biostage 2 or 3.
d. Multitemporal classification was used where appropriate.

e. CAMS gave estimates for small grains proportions for the
spring wheat segments. These estimates were converted to
estimates of spring wheat acreage by ratioing, using 1974 SRS
statistics for spring wheat and small grains in the appro-
priate states.

f. The procedure of hand-counting pixels was used for classify-
ing low wheat acreage segments. Usually, Group II segments
fell into this category.

Two at-harvest estimates were made using the CAMS rework data.
These two estimates differed only in regard to the inclusion of
Group II segments. The results for both cases are shown in
table 3-2. As can be seen, the area estimates are significantly

better when the Group II segments are used in the aggregation.

In Phase I, the 90/90 criterion was applied at the national level.
An approximate relation was derived which expressed the CV of

‘production (CVP) in terms of the CV of the area estimate (CVA)
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and the CV of the yield estimate (CVY)’ namely
2 2 2 2
(CVP) = (CVA) + (CVY) + (ch x CVY) .

If one further assumes CVA = CV then the 90/90 criterion could

YI
be satisfied if CVA = CVY < 4.25 percent.

It will be seen from table 3-2 that the CV for acreage projected
to the national level was 3.74. Since this percentage was
smaller than 4.25, it was possible to satisfy the 90/90 criterion
even if there was a small amount of bias. However, since there
was no ground truth available in Phase I, no estimate was made of
the bias, and therefore it is not possible to say whether the

results satisfied the 90/90 criterion.

An evaluation of the Phase I 90/90 criterion using production
estimates was given in the LACIE Phase I Evaluation Report but
is not reported here since in Phase I, AA evaluated acreage

estimation only.

From the results presented in table 3-2, the area of most concern
was North Dakota. More detailed error analysis based on ground
truth and ancillary data in Kansas, North Dakota, Nebraska, and
South Dakota permitted a further assessment of the sampling and
classification errors. These analyses, discussed in section 3.2,

indicated the source of the North Dakota problem to be sampling
error.

After the regular CAMS rework estimates given in table 3-2 were
made, there was a revision of the area in the pseudo counties
(i.e., the part of the counties that is classified as agricultural
as distinguished from nonagricultural). This caused a change in
the estimates and CV's. The revised results are presented in

,table 3-3. Note that in most cases the CV's are smaller.
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3.2 ESTIMATION OF AREA ERROR USING BLIND SITE DATA

The expression "blind site" is merely a designation applied to
selected operational segments for which, unknown to the analyst,
ground truth data were acquired for evaluation purposes. The
implementation of this approach occurred late in the growing
season of LACIE Phase I. Thus, all of the selected sites were

in the northern spring wheat regions.

High-resolution color infrared aerial photography over 29 LACIE
segments in North Dakota and Montana was acquired in mid-August
1975. (The results from only 16 of these segments in North
Dakota are relevant to the basic discussion which follows.)
Simultaneously, field teams were collecting ground information
for a substantial portion of these segments. These data were
combined to obtain both field and total segment ground truth
data. The small grain proportion estimates were compared statis-
tically to the LACIE estimates for the 16 segments in North
Dakota. This resulted in a direct computation of the classifica-
tion error, CVC’ for segments in the state of North Dakota, as
listed in table 3-4.

This table indicates a relative difference of -18 percent between
the average LACIE proportion and the average ground-observed
proportion. This is not indicative of a significant bias in view

" of the standard error. However, the difference between the
ground-observed proportions and the SRS county proportions is
commensurate with the underestimate obtained in North Dakota.

Thus, for North Dakota it was concluded that sampling error result-
.ing from nonrepresentative sample segments was the major source of
the observed bias. Other investigations with full frame imagery
confirmed that agriculture is very heterogeneous in this region

and many of the LACIE segments did not adequately represent their
county.

3-9



TABLE 3-4.— LACIE BLIND SITE DATA

[North Dakota spring small grains]

County

Fraction of area in small grains, percent
! Ground truth LACIE SRS county
(5%x6 n. mi. segment) | (5x6 n. mi. segment) | (entire county)
Ward 1 1312 17.1 33.8
Ward 2 26.8 8.2 33.8
Williams S 7/ 0.0 2025
McHenry 1 0.0 0.0 25.9
McHenry 2 0.3 0.0 259
Rolette 4.9 === 18.8
Ramsey 38.4 49.5 41.5
| McKenzie 1 1.3 ——= 10.6
McKenzie 2 1.0 03 10.6
Mclean 29123 28.4 3. 7
Mercer 16.3 18.0 19.9
Oliver 1’5156 - 11652
Kidder 16.4 —-— 19.4
Sheridan 12.9 0.0 30.9
Adams 26.1 24.4 21298
Hettinger 211097 24,1 3507
Burleigh 8.2 12.0 20.7
Morton 4.6 6.7 150 7
Richland 31.6 15,6 36.2
Sargent 35.0 3223 34.7
17.46 LACIE 16 14.78 e
Average 15.87 ALL 20 - 26.00

Variance of LACIE estimates is within allowable range, CV

No apparent bias in LACIE estimate.
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3.3 RESULTS OF PHASE I

Phase I comparisons of LACIE wheat acreage estimates with ground
truth indicated that the LACIE classification technology was
working fairly well and may have been adequate to support the
90/90 criterion applied at the national level. However, a defin-
itive answer to the question of whether the 90/90 criterion was
satisfied at the national level would require an estiamte of the
bias in the acreage estimate, which was not done in Phase I. The
experience gained in Phase I was valuable in developing the system
for Phase II. Several changes were made on the basis of this
experience. In particular, more segments were allocated to

North Dakota, and the classification procedures developed for the
CAMS rework experiment became the basis for the Phase II CAMS

operations.






4. PHASE II ACCURACY ASSESSMENT

In Phase II, LACIE produced operational estimates for acreage,
yield, and production. Each of these is discussed below in a

separate section.

4.1 ASSESSMENT OF PRODUCTION ESTIMATION

This section consists of three parts: an assessment of how well
LACIE met the 90/90 criterion (section 4.1.1), a comparison of
LACIE and USDA/SRS wheat production estimates (section 4.1.2),
and an investigation of the contribution of the first-order error

sources to the production CV (section 4.1.3)

4.1.1 THE 90/90 CRITERION

The LACIE accuracy goal for the USGP region is a 90/90 at-harvest
criterion for wheat production. This specifies that for any
given year the probability shall be at least 0.90 that the at-
harvest wheat production estimate for the USGP will be within

10 percent of the true production.

Let P be the LACIE at-harvest estimate of wheat production for
the USGP and let P be the true wheat production for the USGP.
Then the 90/90 criterion may be expressed by the following prob-
ability statement:

Pr[|P - P| < 0.1P] > 0.90 (4=1)

It is reasonable to assume for large sample sizes that P is
normally distributed with mean P + B and variance og, where B

is the bias of the estimator, P. Under this assumption, it is

shown in appendix A that equation (4-1) is equivalent to

0.1 - 1,15 -0.1 - 0.952

s e > 0.90 (4-2)



where ¢ represents the cumulative standard normal distribution

and CV(P)is' the coefficient of variation of the estimator, ﬁ,
defined by

A ol ol
P P
CV(P) = — = (4-3)
E (P) P + B
B . ~
The term 5T B 1S called the relative bias of P.

Inference as to whether the LACIE accuracy goal has been met is

: : B 2
made by estimating p—/—x and CV(P) and then ascertaining whether
equation (4-2) is satisfied. Now, CV(P) is estimated by e

A

where 8§ is an estimate of the standard deviation of P, agh P

is an unbiased estimate of P + B. If the true wheat production

for the USGP were known, then 5—%—§ could be estimated simply
: P = P :
by —_ - . However, P is unknown so the relative bias in the pro-
P

duction estimate is estimated using the method described in
appendix A (section A.3.3.3). This leads to an estimate of
-24.0 percent for the relative bias. The 90-percent confidence
limits for the bias in the production estimate, expressed as a
percentage of the LACIE production estimate, are given by
(-32.0, -16.6). .

From figure A-1 in appendix A it can be seen that if the relative
bias is greater than +10.0 percent or less than -11.0 percent,
then the 90/90 accuracy goal cannot be achieved for any value
of the CV. Therefore, the estimate of -24.0 percent for the
relative bias indicates that the 90/90 accuracy goal for the

USGP has not been achieved.

It can be shown, however, that an accuracy goal of 90/75 1is
achievable with the present estimates of the relative bias and
cV of the LACIE wheat production estimate for the USGP. That
is, with an estimate of -24.0 percent for the relative bias

and an estimate of 5.0 percent for CV(E), the probability that
the LACIE estimate is within 25 percent of the true wheat pro-
duction for the USGP is 0.9.



4,1.2 COMPARISON OF LACIE AND USDA/SRS PRODUCTION ESTIMATES

These comparisons are designed to monitor how well LACIE is
performing relative to the USDA/SRS estimates, and also to
detect any problems that may exist.

The LACIE and USDA/SRS production estimates are shown in fig-
ure 4-1 and table 4-1. In table 4-1, estimates are given for
each state in the nine-state USGP region and for the following

regions:

a. The USSGP region consisting of Colorado, Kansas, Nebraska,
Oklahoma and Texas. These states have winter wheat only
and theiefore could also be called the "winter wheat states."”
LACIE estimates of wheat production are available for the
USSGP from February through October.

b. The spring wheat (SW) states of Minnesota and North Dakota.
These states have spring wheat only. LACIE estimates of
wheat production are available from August through October.

c. The mixed wheat (MW) states of Montana and South Dakota.
These states have both spring and winter wheat. LACIE
estimates of wheat production are available from August
through October for spring wheat and from June through

October for winter wheat.

d. The U.S. northern Great Plains (USNGP) region made up of

the two spring wheat states and the two mixed wheat states.

e. The USGP region made up of the nine states of the USSGP
and the USNGP.

In the following discussion winter wheat is considered first,
followed by spring wheat, then total wheat (winter wheat plus
spring wheat). Figure 4-1 and table 4-1 are arranged in this
order.
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Figure 4-1.— LACIE and USDA/SRS production estimates
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TABLE 4-1.— COMPARISON OF USDA/SRS AND LACIE
PRODUCTION ESTIMATES
[Bushels x 103]

Relative Test
. USDA/SR
Region (é) S LACIE difference ?X) sta-
(%) tistic
February
Winter Wheat
Colorado 48 110 76 418 37:0 33
Kansas 327 500 258 074 -26.9 17
Nebraska 92 200 151 762 39.2 23
Oklahoma 113 250 80 264 -41.1 29
. Texas 75 600 59855 -26.9 28
busscp 656 660 626 068 - 4.9 11 | -.45%
March
Winter Wheat
Colorado 48 110 60 759 20.8 32
Kansas 327 500 269 638 -21.5 14
Nebraska 92 200 124 342 25,8 19
Oklahoma 113 250 76 041 -48.9 25
. Texas 75 600 66 676 -13.4 32
bUSSGP 656 660 597 456 - 9.9 10 —.90N

qThe USDA/SRS estimates for February and March are the

December 1,

1975 estimates.

bThe five-state USSGP region.

N

USDA/SRS estimate at the 1l0-percent level.

The LACIE estimate is not significantly different from the




TABLE 4-1.— Continued.

Relative cv Test
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