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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:
 

1. 	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
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change in plant structure; i.e., emergence after
 
germination, jointing, heading, soft dough, ripen­
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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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Center for Climatological and Environmental
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Oceanic and Atmospheric Administration, Columbia,
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compared with spectral properties typical of these
 
classes.
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either overestimates or underestimates the wheat
 
acreage in a specific area.
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a calendar depicting the biostages of the major
 
crop types within a specified region during a cal­
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the basis of current meteorological data.
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LACIE 	 Large Area Crop Inventory Experiment.
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Resources Technology Satellite) ; -operates in a cir­
cular, Sun-synchronous, near-polar orbit of Earth 
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LEC 	 Lockheed Electronics Company, Inc.
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NOAA 	 National Oceanic and Atmospheric Administration.
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in appendix A.
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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.
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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 reducina the
 

error.
 

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). In 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. The relative difference calculated at
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the zone level (state in the U.S.) is used to indicate problem
 

areas in zones.
 

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 in
 

appendix A.
 

1-3
 



2. SUMMARY AND RECOMMENDATIONS 

2.1 SUMMARY 

2.1.1 PHASE I 

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 (XSGP) level the relative difference* was -11 percent.
 

An approach was developed 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
 

were equal. If this were true,
acreage (CVA) and for yield (Cy) 


the 90/90 criterion applied at a given level** would be satisfied
 

LACIE -SRS
 

"
 *Relative difference is defined as LACIE 


**In Phase I the 90/90 criterion was applied at the national level;
 

in Phase II it was applied at the USGP level.
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if CVA for that level was less than 4.30 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 satisfied if the acreage estimate were unbiased.
 

In fact some bias would be allowed, since 3.74 is somewhat smaller
 
than 4.30. 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; there­
fore, it is not possible to say whether or not the results
 

satisfied the 90/90 criterion at the national leve
 

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 primary source of this Drobiem 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 allo­
cated to North Dakota, and the classification procedures developed
 

for the CAMS rework experiment became the basis for the Phase II
 

CAMS operations.,
 

2.1.2 PHASE.II
 

In'Phase II,. estimates were made for acreage, yield, and produc­

tion. Generally 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.
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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 esti­
mate was not significantly different from the USDA/SRS estimate
 
at the 10-percent level of significance. However, underestimation
 
problems were still evident in Oklahoma. Investigations indicated
 
that this underestimate was partially due to drought conditions
 
and grazing of cattle which caused wheat signatures to differ sig­
nificantly from those of normal wheat. In particular there was
 
late "greening up" of the winter wheat crop, which caused the
 
crop development 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 sampling 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 r67 .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. Also, the blind site investigations indicated
 
that sampling errors and incorrect estimates of wheat/small-grains
 

ratios further contributed to the underestimation. (Several
 

other reasons are discussed later, in section 4.2.2.2.)
 

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

estimate for the relative bias in the LACIE production estimatei;
 

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 relative bias whose absolute value was less than approxi­

mately 4 percent. However, the estimates obtained were much
 

larger than this. -Two methods of estimating the bias were used.
 

One gave a bias of -24.0 percent which resulted in LACIE satis­

one was 90 percent confident that
fying a 90/75 criterion (i.e., 


the LACIE estimate was within ±25 percent of the true wheat
 

The other method of estimating the
production of the USGP). 


bias gave a value of -12.3 percent which resulted in LACIE sat­

isfying a 90/84 criterion. In both cases 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
 

In particular, (I) new classification procedures
outlined above. 


have been instituted which hopefully will reduce the bias in the
 

(2) the number of sample segments has
classification results, 


(3) an effort will be made
been increased from 431 to 601, and 


to estimate spring wheat directly instead of spring small grains
 

and thereby avoid the error due to ratioing of wheat to small
 

grains.
 

2.2 RECOMMENDATIONS
 

On 'the basis of the experience gained in Phase I and Phase II,
 

the following recommendations are made.
 

a. Techniques shall be developed to avoid consistently Under­

estimating spring wheat. 

b. CAMS should develop procedures to solve the problem of 

underestimation in areas where there'is drought, grazing, and 

late green-up such as occurred in Oklahoma'.' 
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c. 
Improved techniques should be developed for classifying strip
 

fallow fields.
 

d. 	The proportion error in CAMS estimates shows a striking
 

dependence on the amount of wheat in the segment. Further
 
attempts should be made to understand the cause of this
 

effect.
 

e. 	More sample segments should be allocated to the state Of
 
Minnesota since wheat acreage in that state has increased
 

considerably since the epoch year.
 

f. 	Accuracy Assessment should develop a data processing system
 
to fully exploit the information in the blind-site ground
 

truth.
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3. PHASE I ACCURACY ASSESSMENT
 

LACIE Phase I AA investigations conducted during the f975 crop
 

year concentrated on assessing the accuracy of wheat acreage
 

estimates.
 

3.1 COMPARISON OF LACIE AND USDA/SRS ACREAGE ESTIMATES
 

Three different data bases were used to generate acreage 
esti­

in Phase I; the results obtained with these data bases 
are
 

mates 


described in sections 3.1.1 through 3.1.3.
 

3.1.1 THE CAS lA DATA BASE
 

The IA data base contained all the sample segments processed 
by
 

It was used with the initial quasi-operational system to
CAMS. 

This opera­produce acreage estimates for April through August. 


tion was concerned primarily with "debugging" the system. The
 

results are shown in table 3-1.
 

The LAClE 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.
 

a large positive bias -relative to
 It will be seen that there i's 


the USDA results for all months. The overestimates were attrib­

.uted to the following causes:
 

Most of the Landsat data acquired early in the growing season
 .a. 


were acquired before the wheat had emerged, since real-time
 

crop calendars were not available to-use for computing acqui-


This period in the growing
sition dates until May of 197.5. 


season was called biowindow IA and covered,the period from
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TABLE 3-I.- MONTHLY ESTIMATES OF WHEAT ACREAGE BASED ON THE CAS IA AND lB DATA BASES
 

COMPARED WITH SRS ESTIMATES.
 

x 103
(Acres 


USDA/SRS
Region - April May June July August July August 

1A 1A 1A 1A 1A 1B 1B (a) 

Winter wheat
 

Colorado 5 931 6 409 4 958 4 578 3 534 3 262 3 232 2 260
 

Kansas 13 892 15 543 17 306 17 620 17 378 17 545 17 726 12 100
 

-Nebraska, 5 628 6 403 6 095 6 091 6 665 5 370 6 507 3 070
 
Oklahoma 12 656 13 199 7 917 8 804 8 287 8 990 8 548 6 700
 

'Texas 10 047 10 540 10 663 10 798 12 854 8 594 11 822 -5 700
 

USSGP 48 154 52 094 47 139 47 821 48 718 43'763 47 835 29 830' 

Spring wheat 

Minnesota ..... 4 619 - 4619 2 844 
N..Dakota -- 12 876' - 12 876 10 '213 

_SW states - , - - - 17 495 - 17 495 13.057 

Mixed wheat
 

Montana 4 111 8 614 8 618 8 572 8 766 3 628 6559 4 975
 

S. Dakota 8 689 .8 562 5 390 5 390 8 233 2 113 8 416 3 003
 

MW states. 12 800' I7 176 14 008 13 962 16 999 5 741 14 975 7 .978
 

USGP 60 954 69270 61 147 161 783 83 212 49 504 .80 305 50 865
 

January 1976 SRS estimate of wh@at area for the crop year 1974-75.
 
bThe August estimates include ,spring and winter wheat, the estimates for April through
 

July include winter wheat only.'
 



The 	1A data base received
50-percent planted to dormancy. 


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 other than for'planting
 

wheat, this produced overestimates. Also, other bare soil
 

categories (river bottoms, etc.) were confused with plowed
 

-ground. The biowindow 1A data represented the largest percent­

age by biowindow that was used in the April through July
 

It also influenced the August aggregation, but
aggregations. 


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 ggregation was satisfactory and that the problem
 

was due to overestimation of sample segment proportions for
 

Most Group II
segments 'having-only-a small amount of wheat. 


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 quantities
 

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 -as used,.
 

In order to avoid the problems caused by the-data from biowindow
 

1A, the lB data base was-formed.
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3.1.2 AGGREGATIONS WITH THE lB DATA BASE
 

The lB 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 lB and covered the period from
 

dormancy to jointing. The IB data base therefore consisted of
 

all the data in the lB biowindow plus all of the data for bio­

windows 2, 3, and 4.
 

Aggregations with the lB data base were carried out for July and
 

August. The results are given in table 3-1. In July the lB
 

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 lB 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 lB 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
 

lB data bases were smaller than in July. This was probably ahe
 

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 1; in August 87 out of 340 werefrom biowindow 1.
 

The August estimates all can be compared with the USDA/SRS esti­

mates. At the USSGP and USGP levels, the lB 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 lB aggregations, and this probably accounted for a
 

substantial part of the remaining ovetestimates. 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 for selected segments.
 

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

ihg 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 signifi6antly
 
better when the GroupII 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 (CV) in terms of the CV of the area estimate (CVA)
 

3-5
 



TABLE 3-2.- COMPARISON OF USDA/SRS AND LACIE AT-HARVEST ESTIMATES OF WHEAT AREA
 

(LACIE estimates based on CAMS rework-data)
 

[Acres x 10 3
 

Number seg- LACIE Relative Cv, LACIE Relative
 
Region ments used/ USDA/SRS without diffrence, % with difference, CV,
 

allocated Group II Group II % %
 
.(a) 
 (b)
 

Winter wheat
 

Colorado 24/32 2 260 3 216 29.7 21.2 3 058 26.1 20.8
 

Kansas 55/84 12 100 12 582 3.8 9.59 12 940 6.5 7.07
 

Nebraska 23/35 3 070 3 606 14.9 38.6 2 657 -15.5 28.0
 

Oklahoma 29/40 6 700 5 702 -17.5 29.5 6 906 3.6 11.2
 

Texas 28/49 5 700 3 454 -65.0 43.4 4 218 -35.1 32.6
 

USSGP 29 .830 28 560 --4.45 10.5 29 779 -0.17 6.95
 

Spring wheat
 

Minnbsota 9/13 2 844 1 201 -136.8 122:9 2 150 -32.3 15.7
 

North Dakota 42/65 10 213 5 853 -74.5 14.8 5 853 -74.5 14.8
 

SW states 51/78 13'057' 7 054 -85.1 24.0 8 003 -63.2 -(C)
 

Total wheat
 

Montana .39/60. 4 '975 4 052 -22.8 38.7 3 999 "24.4 25.9
 

South Dakota 23/33 3 003. 4 094' 26.7, -19.6 4 154 27.7' 17.7
 

MW states 62/93 7 978 8 146 2.06 22.0 8 153- 2.15 (C)
 

1JSNGP 113'/171 21 '035' 15 200' 38.4 16.2 16 156 -30.2 9.75
 

USGP 272/411 50 865 43 760 16.2 8.84 45 935 -10.7 .5.66
 

Projected 1. 272/637 5,8 3.74
 
to national
 

aLACIE - SRS 
I 
 LACIE.
 

b .standard 
 deviation
.CV = coefficient of variation = s adE 100. 

cNot available.
 



and the CV of the yield\ estimate (CVy), namely
 

2 2 2. 
(CVP)2 = (CVA) + (CVY) + (CVA × CVy))
 

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

be satisfied if CVA = CVy < 4.30 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 4.30, 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.
 

concern
From the results presented in table 3-2, the area of most 


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 major 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 tha 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
 

Note that in most cases the CV's are smaller.
table 3-3. 
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TABLE 3.3.- COMPARISON OF USDA/SRS AND LACIE AT-HARVEST ESTIMATES OF WHEAT AREA
 

(LACIE estimates based on CAMS rework data and revised pseudo county areas)
 

[Acres x 103] 

Number seg- LACIE Relative 

Region ments/used/ USDA/SRS with difference, CV, 
allocated group II % % 

Winter wheat 

Colorado 24/3'2 2 260 3 058 !6.1 20.0 
Kansas 55/84 12 100 12 942 6.5 6.0 
Nebraska 23/35 3 070 2 657 -±5.5 31.0 
Oklahoma 29/40 6 700 6 864 2.4 11.0' 

Texas
USSGP 28/49 5 700 

29 830 
4 219 

29 740 
-35.1 
-0.3 

210 
6.0 

Spring wheat 

Minnesota 9/13 2 844 2 150 32.3 19.0 
North Dakota 42/65 10 213 5 849 ,-74.6 10.0 
SW states 51/78 13 057 7 999 -63.2 8.9 

Total wheat 

Montana 39/60 4 975 3 947 -26.0 23.0 
South Dakota 23/33 3-033 4 126 27.2 13.0 
MW states 62/93 7 978 8 073 1.18 13. 
USNGP 113/171 21 035 16 072 -30.9 7'9 
USGP 272/411 50 865 45 812 7J1.0 4.6 



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.7--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.
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TABLE 3-4.- LACIE BLIND SITE DATA
 

[North Dakota spring small grains]
 

County Fraction of area in small grains, percent
 

Ground truth 
(5x6 n. mi. segment) 

Ward 1 13.2 

Ward 2 26.8 

,Williams 3.7 

McHenry 1 0.0 

McHenry 2 0.3 

Rolette 4.9 

Ramsey 38.4 

McKenzie 1 1.3 

McKenzie 2 1.0 

McLean 29.3 

Mercer 16.3 

Oliver 15.6 

Kidder 16.4 

Sheridan 12.9 

Adams 26.1 

Hettinger 21.7 

Burleigh 18.2 

Morton 4.6 

Richland 31.6 

Sargent 35.0 

17.46 LACIE 16 

Average 15.87 ALL 20 

LACIE 

(5x6 n. mi. segment) 


17.1 


8.2 


0.0 


0.0 


0.0 


49.5 


0.3 


28.4 


18.0 


0.0 


24.4 


24.1 


12.0 


6.7 


15.6 


32.3 


14.78
 

SRS county
 
(entire county)
 

33.8
 

33.8
 

27.5
 

25.9
 

25.9
 

18.8
 

41.5
 

10.6
 

10.6
 

31.7
 

19.9
 

16.2
 

19.4
 

30.9
 

22.8
 

35.7
 

20.7
 

15.7
 

36.2
 

34.7
 

26.00
 

Variance of LACIE estimates is within allowable range, CV = 50 percent. 

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 estimate 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 a basis for the Phase II CAMS
 

operations.
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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
 

i0 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[IP - P1 < 0.lP] > 0.90 (4-1) 

It is reasonable to assume for large-sample sizes that P is
 1 2
 
normally distributed with mean P + B and variance q-, where B
 

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

shown in appendix A (sebtion A:3.3.4) that equation (4-1) is
 

satisfied for a range of values of the relative bias of P, (P -B,
 

and the coefficient of variation of the estimator P,
 
A 
 PA 

-eV (P) - (P +
V.(P) P+ ) 
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Inference as to whether the LACIE accuracy goal has been met is
 
made by estimating P 

B
+ B and CV(P) and then ascertaining whether
 

these values fall in the range which satisfies equation (4-1).
 

Now, CV(P) is estimated by 4 where is an estimate of thea^
P 
 p

AA

standard deviation of P, and P is 
an unbiased estimate of P + B.
 
If the true wheat production for the USGP were known, then
 

Bc 
 p P
P
P+.could be estimated simply by -s-.However, P is unknown
 
to the relative bias in the production estimate must be estimated
 
by some other method.
 

One such method is 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 esti­
mate, are given by (-32.0, -16.6). 
 From figure A-I in appendix A
 
it can be seen that the 90/90 accuracy goal cannot be achieved
 
for any value of the relative bias within these confidence limits
 

It can be shown, however, that an accuracy of 90/75 is achievable
 
with a relative bias of -24.0 percent and a CV of 5.0 percent.
 
That is, the probability that the LACIE estimate is within
 
±25 percent of the true-wheat production for the USGP is 0.9.
 

A second method of estimating the relative bias is to estimate
 
it by (LACIE-- SRSF)/LACIE, where SRSF is the final SRS estimate
 
and LACIE is the LACIE estimate for a given month. Then, for
 
the data given in the August, September, October, and final
 
reports, LACIE satisfies, the following criteria:
 

a. August - 90/78 

b. September - 90/83
 

c. October - 90/83 

d. Final - 90/84 ­
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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. LACIE makes only winter wheat estimates 

for these states. The estimates are available for February 

through-October. 

b. The -spring wheat (SW) states of Minnesota and North Dakota. 

These states have very little winter wheat so LACIE makes 

estimates for spring wheat only. The estimates are available 

for 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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TABLE 4-1.- COMPARISON OF USDA/SRS AND LACIE
 

PRODUCTION ESTIMATES
 

[Bushels x 103
 

Relative j Test 
Region LACIE difference 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. 59.550 -26.9 28
 

656 660 626 068 - 4.9 11 -.45N
 
USSGP 


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
 

aThe USDA/SRS estimates for February and March are the
 

December 1, 1975 estimates.
 
bThe five-state USSGP region.
 

NThe LACIE estimate is not significantly different from the
 

USDA/SRS estimate at the 10-percent level.
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TABLE qj.-.- uontinuea.
 

Relative j Test 

Region USDA/SRS LACIE difference sta-

IM (%)M tistic 

April
 

Winter Wheat
 

Colorado 42 840 56 089 23.6 32
 

Kansas 286 000 255 147 -12.1 13
 

Nebraska 95 200 118 458 19.6 19
 

Oklahoma 121 800 74 823 -62.8 22
 

Texas 66 300 59 559 -11.3 22
 
564 076 - 8.5 8 -1.06 N
 

USSGP 612 140 


May
 

Winter Wheat
 

Colorado 41 800 55 285 24.4 3-1
 

Kansas 302 400 283 124 - 6.8 12
 

Nebraska 94 400 110 496 14.6 19
 

Oklahoma 121 800 84 699 -43.8 21
 

Texas 70 200 86 910 19.2 17
 

USSGP 630 600 620 514 - 1.6 8 -0.2 N
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TABLE 4-iL- Continued.
 

• Relative .V Test'-
Region USDA/SRS- LACIE difference sta­

j M(%) tistics 

June
 

Winter Wheat,
 

Colorado 41 800 61 191 31.7 
 28
 
Kansas 
 279 500 326 677 14.4 11
 
Nebraska 
 97 350 128 692 24.4 17
 
Oklahoma 
 127 600 94 975 -34.4 17'
 
Texas 
 70 200 84 094 16.5 17
 
USSGP 
 616 450 695 629 11.4 7' 63
 
Montana 90 600 
 13 527 -569.8' 192.
 
S. Dakota 
 20 800 31 553 34.1 46
 

cMW states 111 400 45 080, -147.1 63
 
dUSGP 727 850 740 709 8 .1.7
2 1N
 

July
 

Winter Wheat
 

Colorado 48 400 51 492 6.0 30
 
Kansas 321 90Q 334'107 -3.7 11
 
Nebraska 
 96 000 132 118 27.3 16
 
Oklahoma 
 151 200 92 052 -64.3 18
 
Texas 98 700 
 80 797 -2,2.2 17 
USSGP 7-16 200 690 566 ... 3:7 - 7 .53N 

Montana 93 620 30 082 -211.2 53
 
S. Dakota 16 640 
 45 096 63.1 27
 
MW states 
 110 260 75 178 -46.7 27
 
-USGP 826 76-5 - 7
460 744 7.9 -1.13N
 

*The LACIE estimate is significantly different from the USDA/SRS
 
estimate at the 10-percent level.
 

-CThe mixed wheat states, Montana and South Dakota.

dThe nine-state United States Great Plains region.
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TABLE 4-1.- Continued.
 

= 
 Relative Test
USDA/SRS LACIE difference
(%) sta­(% tiatic
 

_____ ____August____ 

Winter Wheat
 

Colorado 
 48 400 50 024 3.2 29

Kansas . 327 450 
 338 078 3.1 10

Nebraska 96 000 
 130 547 26.5 16

Oklahoma 
 151 200 98 156 -54.0 18

Texas 
 103 400 80 637 -28.2 18
 
USSGP 726 450. 697 442 -4.2 7 .60N
 

Montana 
 96 640 55 788 -73.2 36
 
S. Dakota 19 760 45 096 56.2 26
 
MW states 116 400 100 884 
 -15.4 23
 
USGP 842 850 798 326 -5.6 7 -.80N
 

Spring Wheat
 

Minnesota 122 518 
 55 490 -120.8 42

N. Dakota 272 700 226 034 
 -20.6 17
 

e SW states 395 218 281 524 
 -40.4 16
 
Montana 63 095 
 29 188 -116.2 29
 
S. Dakota 
 20 350 36 719 44.6 18
 
MW states 83 409 
 65 907 -26.6 17
 
USGP 478 663 347 431 
 -37.8 1"3 -2.91*
 

%otal Wheat
 
Montana 
 159 735 84 976 -88.0 20
S. Dakota 40 110 
 81 815 51.0 14
 
MW states 199 845 
 166 791 -19.8 12
 

g USNGP 595 063 
 448 315 
 -32.7 11 -2.97*
 
USGP 1 321 513 
 145 757 -15.3 6 -2.55*
 

eThe spring wheat states, Minnesota and North Dakota.
 
fSpring wheat plus winter wheat.
 
gThe four-state United States northern Great Plains region.
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TABLE 4-1.- Continued.
 

Region USDA/SRS LACIE 
>1 Relative 

diffrencd(% cv(% 
j Test 

sta­tistic 

Septiebber 

Winter Wheat 

Colorado 48 400 52 924 8.5 29 
Kansas 327 450 339 974 3.7 10 
Nebraska 96 00 110 972 13.5 16 
Oklahoma 151 200 96 491 -56.7 18 
Texas 103 400 81 312 -27.2 18 

USSGP 726 450 681 673 -6.6 -.94 

Montana 96 640 62 877 -53.7 30 
S. Dakota 19 760 45 904 57.0 26 

MW states 

USGP 

116 400 

842 850 

108 781 

790 454 

-7.0 
-6.6 

21 
-7 -.94N 

Spring Wheat 

Minnesota 130 256 -77 230 -68.7 29 

N. Dakota 300 040 261 197 -14.9 12 

SW states 430 296 338 427 -27.1 11 

Montana 65 410 35 064 -86.5 25 
S. Dakota 24 300 '35 908 32.3 19 

MW states 89 710 70 972 .-26.4 15 

USGP 520 006 409 3'99 -27.0 10 -2.70* 

Total Wheat 

Montana 162 050 97 941 -65.5 15 

S. Dakota 44 060 81 812 46.1 13 

MW states 206 110 179 753 -14.7 10 

USNGP 636 406 518 180 -22.8 10 -2.28* 

USGP 1 362 856 1 199 853 -13.6 5 -2.72* 
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TABLE 4-1.- Continued.
 

Region USDA/SRS LACIE 
Relat ive difference 

(%)j(%) 
CV Teatstatistic 

October 

Winter Wheat 

Colorado 48 400 52 924 8.5 29 
Kansas 327 450 339 974 3.7 10 
Nebraska 96 000 110 972 13.5 16 
Oklahoma 151 200 96 491 -56.7 18 
Texas 

USSGP 

103 400 

726 450 

81 312 

681 673 

-27.2 
-6.6 

18 
7 -.94N 

Montana 96 640 63 758 -51.6 29 
S. Dakota 19 760 45 904 57.0 26 

MW states 116 400 109 662 -6.1 20 

USGP 842 850 791 335 -6.5 7 -.94 

Spring Wheat 

Minnesota 126 344 66 589 -89.7 32 
N. Dakota 290 320 263 703 -10.1 12 

SW states 416 664 330 292 -26.2 11 

Montana 66 658 40 240 -65.7 25. 
S. Dakota 24 300 3-5675 31.9 18 

MW states 90 958 75 915 -19.8 .16 

USGP 507 532 406 207 -24.9 10 2.49* 

Total Wheat 

Montana 163 208 103 998 -56.9 13 
S. Dakota 44 060 81 579 46.0 13 

MW states 207 268 185 577 -11.7 9 

USNGP 623 932 515 869 -20.9 8 -2.61* 

USGP 1 350 382 1 197 542 -12.8 5 -2.56* 
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TABLE 4-1.- Concluded.
 

Relative Test 
Region USDA/SRS LACIE difference sta-

Final 

Winter Wheat 

Colorado 47 300 52 924 10.6 29 

Kansas 339 000 344 472 1.6 10 
Nebraska 94 400 110 972 14.9 16 

Oklahoma 151 200 96 491 -56.7 18 

Texas 103 400 81 312 -27.2 18 N 

USSGP 735 300 686 171 -7.2 7 -1.03 

Montana 98 560 62 167 -58.5 30 

S. Dakota 17 460 45 904 62.0 26 

MW states 116 020 108 071 -7.4 20 

USGP 851 320 794 242 -7.2 7 -1.03 

Spring Wheat 

Minnesota 126 244 66 589 -89.6 32 

N; Dakota 284 050 266 529 -6.6 12 

SW states 410 294 333 118 -23.2 11 

Montana 
S. Dakota 

68 735 
22 060 

41 058 
35 675 

-67.4 
38.2 

24 
18 

MW states 90 795 76 733 -18.3 15 

USGP 501 089 409 851 -22.3 10 -2.23* 

Total Wheat 

Montana 167 295 103 225 -62.1 13 

S. Dakota 39 520 81 579 51.6 13 

MW states 206 815 184 804 -11.9 9 

USNGP 617 109 517 922 -19.2 8 -2.40* 

USGP 1 352 409 1204 093 -12.3 5 -2.46* 
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The CV's in table 4-1 were computed by the methods described in
 
appendix A (section A.3.3.2). For the major regions, a signifi­
cance test was performed to determine if the LACIE estimate was
 

significantly different from the USDA/SRS estimate. 
The test
 
statistic is given in the last column of table.4-1 and the method
 
is described in ippendix A (section A.2).
 

Winter Wheat Production
 

Plots 1 through 4 in figure 4-1 show the production estimates for
 
winter wheat. Plot 1 shows that the LACIE estimates for the USSGP
 
region were lower than the USDA/SRS estimates for every month
 
except June; they were lower than the USDA/SRS .final estimate
 
for every month including June.' The LACIE estimate was partic­
ularly low in April, due mainly to low acreage estimates in
 
Kansas, Oklahoma and Texas, which were affected by drought (see
 
section 4;2z2.1). However, the LACIE estimate improved consid­
erably in May and again in June. The June LACIE estimate was
 
considerably better than the June USDA/SRS estimate relative
 
to the final USDA/SRS estimate. The final LACIE estimate had
 
a,relative'difference of -7.2 percent. The significance test
 
showed that,the LACIE estimate was not significantly different
 
from the USDA/SRS estimate for any month except June. In this
 
case it was the USDA/SRS estimate that was low (relative to the
 

final USDA/SRS estimate).
 

The most serious problem in the USSGP region was in Oklahoma
 
(plot 2), where the wheat production was consistently underesti­
mated throughout the season due to underestimates of wheat acre­
age. Also, Montana was underestimated by a wide margin,
 
primarily due to underestimation of acreage, and South Dakota
 
was overestimated by a wide margin due to overestimation Of
 

both acreage and yield.
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The production estimates for winter wheat in the two mixed wheat
 

states are shown in plot 3. They were very low in June but
 

increased throughout the season and had a relative difference of
 

-7.4 percent for the final estimate.
 

Plot 4 shows the estimates for the total winter wheat in the
 

USGP region. "The relative difference for the final estimate was
 

-7.2 percent. The LACIE estimate was not significantly different
 

from the USDA/SRS estimate for any month or for the final
 

estimate.
 

Spring Wheat Production
 

Plots 5 through 7 show the estimates for spring wheat production.
 

The LACIE estimates were consistently low in-the spring wheat
 

states, the mixed wheat states, and the overall USNGP.. The sig­

nificance tests show that the LACIE estimates for the USNGP
 

region were significantly different from the USDA/SRS estimate
 

for every month and for the final estimate. These underestimates
 

in production were due to underestimates of spring wheat acreage,
 

since the yields were overestimated by LACIE except in September
 

when they were slightly less than the USDA/SRS estimate. (See
 

plot 7 in figure 4-2.) This tendency to underestimate spring
 

wheat acreage is discussed further in section 4.2.-2.2. Looking
 

at the individual states, the largest underestimates occurred in
 

Minnesota and Montana. In both cases the problem was primarily
 

due to underestimates in acreage. In South Dakotathere was a
 

large overestimate due to overestimation of the yield.
 

Total Wheat Production
 

Plot 8 shows the total wheat in the four-state UONup region. it 

was consistently underestimated and the LACIE estimate was sig­

nificantly different from the USDA/SRS estimate for every month 

and for the final estimate.
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The wheat production estimates for the nine-state USGP region
 

are shown in plot 9. The LACIE estimate was consistently low.
 

The final estimate had a relative difference of -12.3 percent
 

due to an underestimate of 57 x 106 bushels (relative difference
 

of -7.2 percent) in the winter wheat crop and an underestimate of
 

91 x 106 bushels (relative difference -22.3 percent) in the
 

spring wheat crop. The LACIE estimate was significantly differ­

ent from the USDA/SRS estimate for every month and for the final
 

estimate.
 

4.1.3 FIRST-ORDER PRODUCTION ERROR COMPONENTS
 

The first-order production error components consist of yield
 

prediction error and acreage estimation error. Acreage estima­

tion error is further subdivided into sampling error and classi­

fication error. The effect of each error component on production
 

is assessed by determining the reduction in the estimate for the
 

CV of-production when this error component is set equal to zero.
 

fetaiis of the method employed are given in appendix A
 
(section A.3.3.5).
 

Table 4-2 shows the results for the CV's of the Phase II final
 

estimates when acreage and yield errors are omitted. It will be
 

seen that-omitting the yield error leads to larger reductions in
 

-TABLE 4-2.- REDUCTIONS IN-THE PRODUCTION CV CAUSED BY
 

OMITTING VARIOUS ERRORS
 

Yield error lcreqe error Classification error SaIplJng error 

amttnd omitted omittedTotal omitted 
% C,V Reduction, CV, Reduction, CV, Reduction, CV, Reductio,

% % % % % %% % 

Winter eat
 

USSGP 7.0 4.5 35.7 5.3 24.3 6.5 7.1 5.9 15.7
 

USGP 10.0 6.3 37.0 7.5 25.0 

TItal teat
 
"0G 5.2 3.7 28.8 4.4 15.4
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the CV for all three regions listed. This indicates that the
 

yield error has a more dominant effect than the acreage error
 

on the production CV.
 

Table 4-2 also shows the results when sampling and classifica­

tion errors are omitted.' The estimates of classification and
 

sampling errors are presented in section 4.2.3. The spring
 

wheat regions were not included due to the small number of
 
blind sites available for estimating these errors. The results
 

indicate that sampling contributes slightly ,more than classifica.
 

tion to the production CV. However, it is reasonable to believe
 

that the sampling and classification errors contribute about
 
equally to the production CV, since the difference between the
 

two fractional reduction rates is rather small and maV well be
 

statistically insignificant.
 

4.2 ASSESSMENT OF ACREAGE ESTIMATION
 

This section contains three major subsections: a comparison of
 
LACIE and USDA/SRS wheat acreage estimates (section 4.2.1), a
 

discussion of classification error (section 4.2.2)', and a dis­

cussion of the variance of sampling and classification error
 

tsection 4.2.3).
 

4.2.1 COMPARISON OF LACIE AND USDA/SRS ACREAGE ESTIMATES
 

The USDA/SRS and LACIE acreage estimates are shown in figure 4-2
 

and table 4-3. these are in the same format as table 4-1 and
 

figure 4-1 except that the estimates are for acreage rather than
 

production.
 

Winter Wheat
 

Plots 1 through 4 in figure 4Z2 show the acreage estimates for
 

winter wheat.
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TABLE 4-3.- COMPARISON OF USDA/SRS AND LACIE
 

ACREAGE ESTIMATES
 

[Acres x 103]
 

n/M USDA/ Relative CV Test
 
SRS LACIE difference sta­(a) (b) A d e M%) tistic
 

February
 

Winter Wheat
 

Colorado 13/32 2 830 3 539 20.0 26
 

Kansas 43/84 13 100 8 013 -63.5 12
 

Nebraska 13/35 3 400 4 500 24.4 18
 

Oklahoma 30/40 7 550 3 499 -90.0 24
 

Texas 31/49 6 300 3 170 -98.7 25
 

USSGP 130/240 33 180 22 721 -46.0 9 -5.11*
 

March
 

Winter Wheat
 

Colorado 25/32 2 830 2 768 -2.2 25
 

Kansas 61/84 13 100 8 536 -53.5 8
 

Nebraska 21/35 3 400 3 632 6.4 13
 

Oklahoma 36/40 7 550 3 450 -118.8 18 

Texas 42/49 6 300 3 725 -69.1 30
 

USSGP 185/240 33 180 22 111 -50.1 8 -6.,26*
 

n is the number of segments used; M is thd number of segments
 
allocated.
 

bThe USDA/SRS estimates for February and March are the December,
 

1975, estimates of seeded acreage.
 
*The LACIE estimate is significantly different from the USDA/SRS
 
estimate at the 10-percent level.
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TABLE 4-3.- Continued.
 

Relative Test
Region n/M USDA/ LACIE -difference %--- sta­(a)- SRS (%) tistic
 

April
 

Winter Wheat
 

Colorado 25/32 2 040 2 768 26.3 25
 
Kansas 62/84 11 000 8 536 -28.9 8
 
Nebraska 22/35 3 400 3 583 5.1 13
 
Oklahoma 36/40 5 800. 3 450 -68.1 18-


Texas 44/49 3 900 3 479 -12.1 20
 
CUSSGP 189/240 
 26 140 21 816 -19.8 7 -2.82*
 

May
 

Winter Wheat
 

Colorado 26/32 1 900 2 807 32.3 24
 
Kansas 70/84 10 800 9 392 -15.0 6
 

Nebraska 27/35 2 950 3 653 19.2 13
 
Oklahoma 38/40 5 800 3 897 -48.8 16
 
Texas 47/49 3 900 4 810 18.9 14
 
CUSSGP 208/240 25 350 24 559 -3.2 "6 -.53N
 

an is the number of segments used; M is the number of segments
 

allocated.
 
CThe five-state U.S. southern Great Plains region.
 
NThe LACIE estimate is not significantly different from the
 
USDA/SRS estimate at the 10-percent level.
 

*The LACIE estimate is significantly different from the USDA/SRS
 
estimate at the 10-percent level.
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TABLE 4-3.- Continued.
 

n/M USDA Relative Test
 
RegionRegon(a)(a)LACIE SRS I(t) difference ()tsi sta-


June
 

Winter Wheat
 

Colorado 26/32 1 900 2 995 36.6 23
 
Kansas 75/84 10 750 10 535 -2.0 6
 
Nebraska 30/35 2 950 4-104 28.1 12
 
Oklahoma 38/40 5 300 4 148 -39.8 14
 
Texas 47/49 3 900 4 556 14.4 15
 

3.9 5 -.7 8NUSSGP 216/240 25 300 26 338 


Montana 10/38 3 020 488 -518.9 193
 

S. Dakota 8/10 1 040 1 159 10.3 43
 
dMW states 18/48 4 060 1 647 -146.5 65
 

eUSGP 234/288 29 360 27 985 -4.9 6 -.81N
 

July
 

Winter Wheat
 

Colorado 30/32 2 200 2 867 23.3 25
 
Kansas 78/84 11 100 10 795 -2.8 6
 
Nebraska 32/35 3 000 4 133 27.4 11
 
Oklahoma 40/40 6 300 4 025 -56.5 15
 
Texas 47/49 4 700 4 314 -8.9 15
 

USSGP 22-7/240 27 300 26 134 -4.5 5 -.09N
 

Montana 21/38 3 020 1 044 -189.3 52
 

S. Dakota 9/10 1 040 1 482 29.8 23
 

MW states 30/48 4 060 2 526 -60.7 25
 

USGP 257/288 31 360 28 660 -9.4 5 -1.88" 

an is the number of segments used; M is the number of segments 
allocated. 

The mixed wheat states, Montana and South Dakota.
 
eThe nine-state U.S. Great Plains region.
 

NThe LACIE estimate is not significantly different from the
 
USDA/SRS estimate at the 10-percent level.
 

*The LACIE estimate is significantly different from the USDA/SRS
 

estimate at the 10-percent level.
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TABLE 4-3.- Continued.
 

Relative Test
 
Region n/M USDA/ LACIE difference CV sta­

(a) SRS (%) (%) tistic
 

August
 

Winter Wheat
 

Colorado 31/32 2 200 2 830 22'3 24
 
Kansas 78/84 11 100 10 932 -1.5 5
 
Nebraska 32/35 3 000 4 086 26.6 11
 
Oklahoma 40/40 6 300 4 305 -46.3 15
 
Texas 47/49 4 700 4 310 -9.0 16
 

-3.2 5 -.64N
 
USSGP 228/240 27 300 26 463 


Montana 22/38 3 02b 1 911 -58.0 35
 
S. Dakota 9/10 1 040 1 482 29.8 23
 

MW states 31/48 4 060 3 393 -19.7 22
 
N
5 -1.00
 

USGP 259/288 31 360 29,856 -5.0 


Spring Wheat
 

Minnesota 10/13 3 826 1 741 -i19.8 40
 
N. Dakota 31/85 11 540 8 161 -41.4 14
 

fSW states 41/98 15 366 
 9 902 -55.2 13
 

Montana 14/22 2 315 1 127 -105.4 28
 
S. Dakota 14/23 2 050 2 169 5.5 12
 

MW states 28/45 4 365 3 296 -32.4 12
 

USGP 69/143 19 731 13 198 -49.5 10 -4.95*
 

gTotal Wheat
 

Montana 36/60 5 335 3 038 -75.6 19
 
S. Dakota 23/33 3 090 3 651 15.4 13
 

MW states 59/93 8 425 6 689 -26.0 11
 
h USNGP 100/191 23 791 16 591 -43.4 9 -4.82*
 

USGP 328/431 51 091 43 054 -18.7 5 -3.74*
 

an is the segment used; M is the number of segments allocated.
 

fThe spring wheat states, Minnesota and North Dakota.
 

gspring wheat plus winter wheat.
 
hThe four-state U.S. northern Great Plains region.
 

NThe LACIE estimate is not significantly different from the
 

USDA/SRS estimate at the 10-percent level.
 

The LACIE estimate is significantly different from the USDA/SRS

estimate at the 10-percent level.
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TABLE 4-3.- Continued.
 

Relative Test
 
Region n/M USDA/ LACIE difference CV sta­

(a) SRS (%) (%) tistic 

September
 

Winter Wheat
 

2 704 18.6 24
Colorado 32/32 2 200 

Kansas 81/84 11 100 10 989 -1.0 5
 
Nebraska 33/35 3-000 3 399 11.7 11
 

Oklahoma 40/40 6 300 4 261 -47.9 14
 
Texas 47/49 4 700 4 344 -8.2 16
 

25 697 -6.2 5 -.39N
 
USSGP 233/240 27 300 


Montana 35/38 3 020 2 103 -43.6 29
 
S. Dakota 9/10 1 040 1 452 28.4 23
 

MW states 44/48 4 060 3 555 -14.2 20
 

31 360 29 252 -7.2 5 -1.44 N
 

USGP 277/288 


Spring Wheat
 

Minnesota 10/13 3 826 2 551 -50.0 27
 
N. Dakota 67/85 11 540 9 650 -19.6 5
 

SW states 77/98 15 366 12 201 -25.9 7
 

Montana 19/22 2 315 1 291 -79.3 23
 
S. Dakota 18/23 2 050 2 095 2.1 13
 

MW states 37/45 4 365 3 386 -28.9 12
 

USGP 114/143 19 731 15 587 -26.6 6 -4.43*
 

Total Wheat
 

Montana 54/60 5 335 3 394 -57.2 14
 

S. Dakota 27/33 3 090 3 547 12.9 12
 

MW states 81/93 8 425 6 941 -21.4 9
 

USNGP 158/191 23 791 19 142 -24.3 6 -4.05*
 

USGP 391/431 51 091 44 839 -13.9 4 -3.48*
 

an is the segment used; M is the number of segments allocated.
 
NThe LACIE estimate is not significantly different from the
 

USDA/SRS estimate at the 10-percent level.
 

The LACIE estimate is significantly different from the USDA/SRS­
estimate at the 10-percent level.
 

4-23
 



TABLE 4-3.- Continued.
 

Relative Test
 
LACIE difference CV sta-
Region n/M USDA/ 


(a) SRS (%) (%) tistic 

October
 

Winter Wheat
 
18.6 24
Colorado 32/32 2 200 2 704 


989 -1.0 5
Kansas 81/84 11 100 10 

3 000 3 399 11.7 11
Nebraska 33/35 


-47.9 14
Oklahoma 40/40 6 300 4 261 


Texas 47/49 .4700 4 344 -8.2' 16
 

25 697 -6.2 5 -1.24
USSGP 233/240 27 300 


2 131 -41.7 28
Montana 36/38 3 020 

S. Dakota 9/10 1 040 1 452 28.4 23
 

4 060 3 583 -13.3 19
MW states 45/48 

-7.1 5 -1.42 N
 29 280
USGP 278/288 31 360 


Spring Wheat
 

Minnesota 11/13 3 826 2 198 -74.1 30
 
9 735 -18.5 5
N. Dakota 79/85 11 540 


SW states 90/98 15 366 11 933 -28.8 7
 

2 315 1 487 -55.7 24
Montana 20/22 

S. Dakota 19/23 2 050 2 079 1.4 13
 

MW states 39/45 4 365 3 566 -22.4 12
 

USGP 129/143 19 731 15 499 -27.3 6 -4.55*
 

Total Wheat
 

Montana 56/60. 5 335 3 618 -47.5 12
 
S. Dakota 28/33 3 090 3 531 12.5 12
 

MW states 84/93 8 425 7 149 -17.8 8
 

USNGP 174/191 23 791 19 082 -24.7 5 -4.94*
 

USGP 407/431 51 091 44 779 -14.1 4 -3.53*
 

an 
is the segment used;.M is the number of segments allocated.
 

NThe LACIE estimate is not significantly different from.the
 

USDA/SRS estimate at the 10-percent level.
 

The LACIE estimate is significantly different from the USDA/SRS
 
estimate at the 10-percent level.
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TABLE 4-3.- Concluded.
 

Relative I Test 
Region n/M USDA/ LACIE difference CV sta­

(a) SRS (%) (%) tistic 

Final
 

Winter Wheat
 

Colorado 30/32 2 200 2 704 18.6 24
 
Kansas 81/84 11 300 11 125 -1.6 5
 
Nebraska 33/35 2 950 3 399 13.2 11
 
Oklahoma 40/40 6 300 4 261 -47.9 14
 
Texas 47/49 4 700 4 344 -8.2 16
 

27 450 25 833 -6.3 5 -1.26 N
 
USSGP 233/240 


Montana 36/38 3 080 2 079 -48.1 28
 
S. Dakota 9/10 970 1 452 33.2 23
 

MW states 45/48 4 050 3 531 -14.7 19
 

29 -7.3 5 -1.46 N
 
USGP 278/288 31 500 364 


Spring Wheat
 

Minnesota 11/13 3 893 2 198 -77.1 30
 
N. Dakota 79/85 11 520 9 856 -16.9 5
 

SW states 90/98 15 413 12 054 -27.9 7
 

Montana 20/22 2 335 1 516 -54.0 22
 
S. Dakota 19/23 2 020 2 079 2.8 13
 

MW states 39/45 4 355 3 595 -21.1 12
 

USGP 129/143 19 768 15 649 -26.3 6 -4.38*
 

Total Wheat
 

Montana 56/60 5 415 3 595 -50.6 12
 
S. Dakota 28/33 2 990 3 531 15.3 12
 

MW states 84/93 8 405 7 126 -17.9 8
 

USNGP 174/191 23 818 19 180 -24.2 5 -4.84*
 

USGP 407/431 51 268 45 013 -13.9 4 -3.48*
 

an is the segment used; M is 
the number of segments allocated.
 
NThe LACIE estimate is not significantly different from the
 

USDA/SRS estimate at the 10-percent level.
 

The LACIE estimate is significantly different from the USDA/SRS

estimate at the 10-percent level.
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Plot 1 shows that the LACIE estimates for the USSGP region were
 

lower than the USDA/SRS estimates for every month except June.
 

The statistical tests showed that the LACIE estimates for Feb­

ruary, March, and April were significantly different from the
 

corresponding USDA/SRS estimates. These lower estimates are
 

expected early in the season, because a significant number of
 

wheat fields have not yet "greened up" enough to have a charac­

teristic wheat signautre. In i976 this effect was especially
 

apparent in Kansas, Oklahoma,-and Texas because these states
 

were affected by drought. In May and June, the LACIE estimate
 

for the USSGP improved and was not significantly different from
 

the USDA/SRS estimate from May.through the final estimate. In
 

June., i was closer to the final USDA/SRS estimate (which held
 

from July on) than the June USDA/SRS estimate. The final LACIE
 

estimate had a relative difference of -6.3 percent and a CV of
 

5 percent.
 

The most serious problem in-the USSGP region was the underesti­

mates for Oklahoma,, shown in plot 2. Blind site investigations
 

(section 4.2.2) indicate that the major source of the underesti­

mate in Oklahoma was due to analyst-mislabeled fields.resulting
 

from early dry conditions and an unusual wheat growth cycle fol­

lowing spring rains. In the latter case, the wheat was late in
 

greening up and had signatures that were quite different from
 

normal wheat. In fact, comparisons of LACIE blind site ground
 

observations, aircraft photography and analyst labels o a field­

by-field basis indicated that the analysts rarely misidentified
 

nonwheat fields as whe&t, but the underestimate resulted primar­

ily from labeling wheat fields as nonwheat.
 

The winter wheat acreage estimates for the- two mixed wheat states
 

are shown in plot 3. These estimates were very low in June but
 

increased throughout the season. The relative difference for the
 

final estimate was -14.7 percent.
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Plot 4 shows the total USGP winter wheat estimates. *The final
 

estimate had a relative difference of -7.3 percent. July was the
 

only month for which the LACIE estimate was significantly .dif­

ferent from the USDA/SRS estimate.
 

Spring Wheat
 

Plot 5 shows the spring wheat in the spring wheat states, Minne&
 

sota and North Dakota. There was consistent underestimation by
 

LACIE but there was a considerable improvement in September.
 

Part of this was due to a change in the ratios of wheat to small
 

grains that were used to calculate the wheat acreage. For spring
 

wheat, CAMS normally determines only small grains proportions,
 

and the wheat proportions are then calculated by multiplying
 

these by the historical wheat-to-small-grains ratios for the
 

county in'which the segment is located. A change in these ratios
 

accounted for 48 percent of the improvement in North Dakota and
 

53 percent of the improvement in Minnesota. In North Dakota a
 

further 36 percent of the improvement was due to the addition
 

of 21 new segments. These new segments were added to North
 

Dakota to correct a sampling problem identified during Phase I.
 

It is also expected that there was a undersampling problem in
 

Minnesota, since the acreage has increased from 829 000 acres in
 

1969 (the year that was used for the sampling allocation)- to
 

2 844 000 acres in 1976. Blind site investigations (sec­

tion 4.2.2.2) indicated a number of causes for the underestimate
 

in North Dakota, including poor Landsat resolution of strip fallow
 

areas, weak or missing signatures, and poor acquisition histories.
 

Plot 6 shows the spring wheat estimates for the two mixed wheat
 

states, Montana and*South Dakota. They show consistently low
 

estimates in the total, but the estimates improved as the season
 

progressed. The improvement was due partly td improved springA
 

wheat-to-small-grains ratios. The final spring wheat estimate
 

for the mixed wheat states had a relative difference of
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-21.1 percent. The results presented i table 4-3 show that therE
 

was an underestimation problem in Montana, where the relative
 

difference for the final estimate was 54.0 percent. Investiga­

tions (section 4.2.2.2) indicated that this was due largely to
 

underestimates of wheat proportions in strip fallow areas, which
 

did not classify well because Landsat resolution is not fine
 

enough.to resolve the fields.
 

The monthly estimates for the total spring wheat in the USGP
 

region are shown in plot 7. The LACIE estimates were consis­

tently low and were significantly different from the USDA/SRS
 

estimates for every month and for the final estimate. Of the
 

four states contributing to the total spring wheat estimate,
 

only for one, South Dakota, was the spring wheat acreage not
 

consistently underestimated. This indicates a serious under­

estimation problem for spring wheat. In addition to the reasons
 

given above, blind site studies discussed in section 4.2.2.2
 

indicate that this underestimation was- also due to errors in the
 

ratios of wheat to small grains that-were used to calculate the
 

wheat acreage.
 

Total Wheat
 

Plot 8 shows the total-wheat in the four-state USNGP. It was
 

consistently underestimated and was significantly-different from
 

the USDA/SRS estimate for every month and-for the final estimate.
 

The final estimate had a relative difference of -24.2 percent due
 

to underestimates of spring wheat-in Montana, Minnesota, and
 

North Dakota, and of winter wheat in Montana.
 

Plot 9 shows the total wheat in the ninestate USGP region. The 

LACIE estimate was consistently low and was significantly dif­

ferent from the USDA/SRS estimate for every month and for the 

final estimate. The final estimate had a relative difference of 

-13;9 percent due to an underestimate of 2.2- x 106 acres 
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(relative difference -7.3 percent) in the winter wheat acreage and
 
6 
 (relative d'fferende of
 

-26.3 percent) in the spring wheat acreage.
 

an underestimate of 4.1 x 10 acres f 

4.2.2 INVESTIGATIONS OF CLASSIFICATION ERROR
 

Blind site investigations for winter and spring wheat are dis-'
 

cussed separately in this report. Refer to section 4.2.2.1 for
 

discussion of winter wheat investigations and 4.2.2.2 for spring'
 

wheat investigations.
 

4.2.2.1 Winter Wheat Blind Site Investigations
 

The winter wheat blind site investigation consisted of two parts:
 

(1) an early-season investigation for April, and (2) a late­

season investigation for October. A different set of blind
 

sites was used in each investigation and each is described
 

separately in the following paragraphs.
 

Early Season rnvestigation
 

The LACIE Phase II examination of early season acreage estimation
 

involved evaluations of acquisitions acquired after emergence
 

and through February; these acquisitions were classified by the
 

CAMS and passed to CAS. Forty blind sites were selected ran­

domly from these acquisitions, and aircraft photography was
 

obtained. Field overlays were prepared and then used by the
 

USDA/ASCS to acquire ground truth land-use information. Classi­

fication and ground truth data were obtained for 29 of the 40
 

blind sites and for 6 intensive test sites. -This was the basic
 

data set used in the early season acreage estimation evaluations,­

the results of which are reported in table 4-4.
 

A review of table.4-4 shows that the average X of the LACIE esti­

mates over the 35 sites in the five states of the USSGP was less by
 

-9.17 percent than the average X of grdnd-observed proportions
 

in these states. More detailed investigations were then
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ESTIMATES OF EARLY SEASON SMALL-GRAIN PERCENTAGES FOR
TABLE 4-4.-


29 BLIND SITES AND 6 INTENSIVE TEST SITES IN THE USSGP
 

Number of -

X, 	% X, % X - X, %
 
Region segments 


2.30 	 -7.85
Colorado 2 	 10.15 


Kansas 	 14 22.50 29.80 -7.30
 

9.80 	 -9.78
Texas 10 19.58 


-8.33
Nebraska 	 3 13.43 21.76 


6 	 21.48 35.06 -13.58
Oklahoma 


Overall
 
5-state 35 16.50 25.97 -9.17
 

(20)of the blind sites, where comparisons
conducted over a subset 


of analyzed Landsat and aircraft imagery could be made. These
 

assessments showed:
 

a. 	 Visual interpretations of Landsat and aircraft color infrared
 

signatures were very similar when acquisition dates were
 

within 10 days of each other
 

Overall, many wheat fields had little if any wheat signatures
b. 


(pink) on either the aircraft or Landsat color infrared prod­

ucts, indicating that thin stands of wheat were not being
 

detected.
 

c. 	Many reasons for thin (undetectable) wheat stands were iden­

tified - most stemming from drought effects; e.g.,
 

* 	Eight of the twenty segments showed drought effects.
 

* 	Six of the twenty segments were damaged by mosaic virus,
 

army worms, or greenbugs.
 

e 	Heavy grazing of cattle was also identified'as a cause,
 

inasmuch as it is a.common practice in some areas (e.g.,
 

Oklahoma,) until mid-March, regardless of drought conditions
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The drought effects were studied further over a representative
 

intensive test site (ITS) in the fall drought area (Rice County,
 

Kansas). Acquisitions and classifications over this site showed
 

no significant change until after favorable weather occurred in
 

the spring (March). At that time, a significant improvement in
 

detectable wheat signatures was noted, and the LACIE estimate
 

(47 percent wheat) was fairly close to the ground-truth proportion
 

(50 percent wheat).
 

Late Season Investigation 
 -

The early investigation was conducted with only 29 blind sites,
 

because when those studies were begun, ground truth data were
 

available for only a limited number of blind sites. However,
 

by October, the data had been obtained for many more blind sites
 

in the five-state winter wheat region. As a result, a new inves­

tigation was performed using 103 blind sites and the CAMS classi­

fication results for these blind sites corresponding to the
 

October LACIE estimates. The results are shown in figure 4-3
 

and tables 4-5 and 4-6.
 

Figure 4-3 shows plots of the proportion error X - X as a func­

tion of X where X is the CAMS wheat proportion estimate and X
 

is the ground truth wheat proportion. These plots are for the
 

five individual states and the total USSGP five-state region.
 

Points lying above the horizontal line X - X = 0 correspond to
 

overestimation of wheat proportions by CAMS, and points lying
 

below the' line correspond to underestimation.
 

The plots in figure 4-3 indicate that there is an overall trend 

toward negative values of X - X as X increases for the five­

state region and for each of the individual states except 

Colorado. In other words, for. these regions, CAMS tends to 
underestimate the truewheat proportion when the true wheat
 

proportion is large. In fact, for X > 28 percent, there is only
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Figure 4-3.- Plot of.winter:wheat proportion estination errors
 
versus ground truth winter wheat .proportions for blind sites
 
in 	the OSSGP.
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one blind site out of 26 in the five-state region for which the
 
CAMS result is not an underestimate relative to ground truth.
 
Also, figure 4-3 indicates that underestimates occur in Oklahoma
 
and Texas for all values of X. in Oklahoma, 17 of 20 (85 percent)
 
of the blind sites were underestimated, as were 15 of 19 (79 per­
cent) in Texas. A statistical analysis of these data follows.
 

A statistical analysis of the data shown in figure 4-3 was per­
formed using the technique described in appendix A (sec­
tion A.3.1.1). The results are shown in table 4-5. It lists
 
the following factors: (1) the number of blind sites for which
 
data were available for each state or region, (2) the number of
 

segments allocated to each state or region, (3) the average
 
ground truth wheat proportion, X, (4) the average CAMS wheat
 

proportion estimate X, (5) the average difference D = X - X, 
(6) the standard error S of D, and (7) 90-percent confidence
 

limits for the average error D"
 

In order to determine if the average difference for a particular
 

region is significantly different from zero, we need only observe
 
whether the corresponding confidence interval contains zero. If
 
it does, the average difference is not significantly different
 

from zero, i.e., there is insufficient evidence to conclude that
 

there is a bias due to classification error. If it does not
 

contain zero,, then the hypothesis of no bias is rejected at the
 

10-percent level of significance.
 

In the following paragraphs the results presented in table 4-5
 

are discussed separately for each state and for the' USSGP. The
 
discussion also includes preliminary results from an investiga­

tion by CAMS to determine the causes of classification error.
 
At the end of the 1976 crop year, the data for one-half of the
 

blind sites in the USGP were released to CAMS for evaluation of
 
the accuracy and sources of error in the operational analysis
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TABLE 4-5.- WINT-ER'WHEAT BLIND SITE RESULTS FOR THE USSGP
 

Regi n N X 
S 
S 

90% Confidence 
limits for D 

(a)' (b) (c) (d) 

Colorado 13 32 14.62 14.54 -.08 1.0 (-1.97, 1.81) 

Kansas 34 84 23.89 22.00 -1.89 0.91 (-3.43, -0.35)* 
Nebraska 18 35 14.12 14.78 0.65 1.15 (-1.35, 2.65) 
Oklahoma 20 40 24.19 17.60 -6.58 1.51 (-9.19, -3.97)*.-
Texas 18 49 12.61 11.83 -0.78 1.58 (-3.53, 1.97) 
USSGP 103 240 19.10 17.17 -1.93 0.58 (-2.89, -0.97)* 

aNumber of blind sites.
 
bNumber of segments allocated.
 

CWinter'wheat estimates from the October CMR.
 
diD is, the population average difference.
 
*1 is significantly different from zero at the 10-percent .level
 
of significance.
 



during Phase II. These evaluations were carried out in most cases
 

by the analyst that conducted the original interpretation and
 

classification. In the following paragraphs these studies will
 

be referred to as the "CAMS investigation."
 

Oklahoma
 

The results for Oklahoma (table 4-5) show that the 90-percent
 

confidence interval for iD isgiven by (-9.19, -3.97). This
 

interval does not contain zero. Hence, we conclude that there
 

is a negatiVe bias in the CAMS estimates for the segments allo­

cated to Oklahoma. The CAMS investigation showed that under­

estimates were due to atypical, weak, and missing signatures,
 

small fields, and spotty stands. Some of these effects were
 

attributed to drought conditions. Only one of the segments
 

'checked-in the CAMS investigation was overestimated; hail damage
 

of wheat at harvest was the cause of the overestimate.
 

Kansas
 

In table 4-5t it is also observed that a "significant"'bias occurs
 

for the state of Kansas. However, inspection of the data plotted
 

in figure 4-3 reveals one outlier, a difference of -25.56 per­

cent, 'corresponding to a ground truth of 61.56 percent wheat.
 

Omitting this one outlier yields an estimate of the bias that is
 

not significantly different from zero. From the CAMS investiga­

tion it .was concluded that in Kansas, overestimates were due to
 

pasture, fallow, and sorghum being included as wheat. under­

estimates were usually caused by missed wheat signatures; i.e.,
 

wheat signatures that were not included in the training data.
 

Texas
 

For Texas, 79 percent of the blind sites were underestimated.
 

However, the S was so large that there was insufficient evidence
 

to conclude that a bias existed. Inspection of the data p'lotted
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in figure 4-3 for Texas reveals an outlier, a difference of
 

+25.31 percent, corresponding to a ground truth of 0.69 percent;
 
i.e., an extreme overestimate of a trace of wheat. If this
 

outlier is omitted the results do indicate a negative bias. The
 

CAMS investigation showed that the overestimate for this outlier
 
was due to fallow fields and pasture fields which appeared red and
 
tan, respectively, on the PFC and which were classified as wheat.
 
No explanation was found for the red fallow signatures. The under.
 

estimates that occurred for most of the segments were generally
 

due to atypical signatures. Some stands of wheat were spotty.
 

Colorado and Nebraska
 

Neither of the average differences for the other two states,
 

Colorado and Nebraska, were significantly different from zero,
 

nor were any apparent outliers observed. The analysts in CAMS
 
were apparently having some success in identifying wheat for
 

these two states. The CAMS investigation showed that in Colo­

rado overestimates were caused by confusion crops such as spring
 
wheat and winter rye being classified as winter wheat; under­

estimates were caused by missed signatures in drought areas and
 
by strip'crop areas not being resolvable by the Landsat system.
 
In the latter case the wheat pixels were all essentially border
 

pixels and therefore many were misclassified as nonwheat.
 

In Nebraska-overestimates were caused by atypical wheat signatures
 

and small fields. Underestimates in Nebraska were due to missed
 

signatures, the absence of key acquisitions such as biowindow 2,
 
some narrow fields that were missed, and some wheat fields that
 

were never picked up on the imagery.
 

USSGP
 

At the USSGP five-state level, there was sufficient evidence to
 

conclude that the CAMS wheat proportion estimates were signifi­
cantly different from the ground wheat proportions at the
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10-percent level. The average difference at this level was -1.93
 

percent with a standard error of 0.58 percent.
 

Variation of Proportion Error Throughout the Season
 

Table 4-6 presents the results of a blind site investigation to
 

study the variation of classification error throughout the season
 

At the time this investigation was performed (December 1976), all
 

the blind site data were available, but all of the segments could
 

not be used since CAMS estiimates for the whole season were not
 

available for all of them. It is, of course, desirable that the
 

same number of segments be used for each month. It was found tha
 

95 segments had data for March through the end'of the season,
 

but only 71 segments had data for February.
 

In table 4-6 four quantities relating to the classification error
 

are given: the mean square error (MSE), the mean difference (D),
 

the relative mean difference (RMD) and the percentage of the
 

segments in which the LACIE underestimated the at-harvest wheat
 

proportions. There was a declining trend in the MSE throughout
 

the season. The final figure represents a 55-percent reduction
 

from the February estimate.
 

The D and the RMD showed the same behavior; i.e., a general
 

reduction in the size of the error as the season progressed.
 

These errors were all negative, indicating underestimates by
 

LACIE. From February through the final estimate there was a
 

58-percent reduction in the magnitude of the D.and a 57-percent
 

reduction in the magnitude of the RMD.
 

The percentage of segments underestimated by LACE also decreased
 

throughout the season, falling from 83 percent in February to
 

68 percent for the final estimate.
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TABLE 4-6.- COMPARISON OF LACIE ESTIMATES TO GROUND-OBSERVED 
- PROPORTIONS OVER WINTER WHEAT BLIND SITES IN-THE USGP 

Percent 

Month No. of 
Segments 

MSE 
(a) 

D, % 
(b) 

RMD, % 
(c) 

underesti­
mated 

(d) 

February 71 157.5 -6.46 -30.6 83
 

March 95 112.8 -5.43 -26.2 79
 

April 95 112.8 -5.43 -26.2 79
 

May 95 102.5 -4.44 -21.4 75
 

June' 95 89.5 -3.25 -15.7 72
 

July 95 90.4 -3.35 -16.2 70-


August 95 75.0 -3.16 -15.2 71
 

September 95 65.3 -2.76 -13.3 68
 

October 95 69.6 -2.84 -13.7 68
 

Final 95 70.8 -2.74 -13.2 68
 

aMSE n where X is the wheat proportion estimate for
 

the ith segment, X. is the gtound-observed, harvested wheat pro­
1 

portion for the ith segment, and n is the number of segments.
 

n 
CjMD = . 

dThis column contains the percentage of blind site segments in
 

which LACIE underestimated the wheat proportions.
 

4-38
 



All these estimates thus indicate a general improvement in the
 

CAMS estimates as the season progressed.
 

4.2.2.2 Spring Wheat Blind Site Investigations
 

The spring wheat blind site inveptigation was conducted in 33
 
segments in the four USNGP states of Minnesota, Montana, North
 

Dakota, and South Dakota. Figure 4-4 shows plots of the propor­

tion error X - X as a function of X, where X is the CAMS wheat
 
proportion estimate and X is the ground truth wheat proportion
 

estimate. *The plots are for each of the four USNGP states and
 

for the USNGP total spring wheat. Points lying above the hori­

zontal line X - X = 0 correspond to overestimation of wheat
 

proportions by CAMS, and points lying below the line correspond
 

to underestimation by CAMS.
 

The plots in figure 4-4 show a tendency toward underestimation
 

in every state except South Dakota. Twenty-eight of the thirty­

three sites in the USNGP were underestimated by CAMS. In the
 

plot for the USNGP there appeared to be a slight depende.ice on
 
the value of X (i.e., the underestimates seem to be greater
 

for larger values of X), but this trend was less pronounced than
 

that shown in figure 4-3 for the USSGP.
 

The statistical analysis of these data is presented in table 4-7.
 
The quantities listed are the same as those in table 4-5.
 

Table 4-7 shows that the LACIE acreage estimates were low for all
 

of the states; however, the only state in which the underestimate
 

is statistically significant at the 10-percent level of signifi­

cance is North Dakota. The CAMS investigation* found many factors
 

*See section 4.2.2.1.
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Figure 4-4.- Plots of spring wheat proportions estimation errors
 
versus ground truth values for blind sites in the USNGP.
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TABLE 4-7.- SPRING WHEAT BLIND SITE RESULTS FOR THE USNGP
 

90% confidence
 
Region n N X X 	 Su Limits for u
( a) D 


Minnesota 5 13 35.43 22.60 -12.82 5.11 (-23.71, 1.93)
 

North Dakota 17 85- 26.64 20.82 -5.82 1.95 (-9.22, -2.42)*
 

Montana 7 22 12.71 8.57 -4.13 1.95 (-7.92, 0.34)
 

South Dakota 6 23 11.34 11.17 -0.17 3.20 (-6.62, 6.28)
 

USNGP 35 143 22.48 16.97 -5.51 1.44 (-7.95, -3.07)*
 

aFinal estimates from the CAS annual report for the 1976 crop year.
 

*PD significantly different from zero at the 10-percent level of
 

significance.
 

which contributed to the underestimate in North Dakota. Among
 

these were:
 

a. 	Strip fallo areas unresolvable by the Landsat system
 

b. 	Weak or missing signatures
 

c. 	Poor color balance on Landsat images due to the transforma­

tion that is applied to the Landsat data before the images
 

are.made
 

d. 	The absence of early biowindow acquisitions
 

e. 	The omission of some late-planted spring wheat because its
 

signature was behind the adjustable crop calendar for
 

jointing
 

1. 	Problems in choosing training fields caused by small fields
 

or the absence of identifiable field patterns
 

For Minnesota, Montana, and South Dakota, the analysis did not
 

indicate that there was a.bias in the CAMS estimates. However,
 

for these states the number of data points was small. Therefore,
 

the inference of "no bias" should not be regarded as reliable.
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Minnesota
 

In Minnesota underestimation generally occurred in segments with
 
very high wheat density and was caused by unusual wheat signa­
tures, e.g., red-green, light green and dark green', on the PFC
 
products. 
 There is-some evidehdd that these unusual signatures
 
were the result of color distortions -in the Landsat imagery.
 

Montana
 

In Montana underestimation -was usually due to strip fallow areas
 
which were not classified well. Some overestimates were due to
 
hay being classified as wheat even though the two-were not con­
fused in the training fields.
 

South-Dakota
 

In South Dakota both overestimates and underestimates were caused
 
by drought conditions. 
There Was noticeable difference between
 
the Landsat data for this area and for the OSSGP. 
-In the spring,
 
wheat and small grains appeared very similar to pasture, alfalfa,
 
and corn on the PFC products due to stress caused by drought. At
 
harvest time, 
some corn was grazed or cut for silage and some
 
alfalfa was 
cut and, because of drought, never reappeared. In
 
both cases it was difficult to distinguish these crops from har­
vested small grains. 
Many small grains were not harvested, but
 
were fall plowed and'could not be distinguished from harvested
 
small grains by CAMS; therefore, wheat was overestimated. Under­
estimates were due to missing signatures from poor stands of small
 
grains and poor acquisition histories.
 

USNGP
 

For the-blind sites in the USNGP, the analysis indicated a bias in
 
the CAMS wheat proportion estimates. The average difference was
 
-5.51 percent with a standard error-of 1.44 percent.
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Contribution-of the Classification and Ratio Errors to the
 
Ratioed Wheat Proportion Estimation Errors at the Segment Level
 

CAMS makes estimates of the small-grains proportion Xi for each
 

segment i and, subsequently, CAS obtains wheat proportion esti­

mates by multiplying the Xi by the ratios ri of the wheat-to­

small-grains proportions for the counties in which the segments
 

are located as determined from the 1975 SRS estimates. In this
 

section, the blind site data are used to compare the error
 

incurred by using these ratios to the error incurred by misclas­

sificaticn of small grains.
 

Let n be the number of blind sites, ri be the ground-observed
 

ratios of wheat-to-small-grains proportions, and Xi be the ground­

bbservei small-grains proportions. The bias (B) and the mean­

squared error (MSE) of the wheat proportion estimate for a segment
 

may be estimated by
 

B il ^ ^iI ) 

n 
MSE = ir±Xi ­x ri)
and 


respectively. It is clear that these errors are both caused by
 

two factors: the CAMS classification of small grains and the
 

estimated ratio of wheat to small grains. The contribution of a
 

particular error factor may-be measured by the reduction in the
 

bias or mean-squared error which would be achieved if that error
 

factor were omitted. Specifically, the following formulas are
 

used in this study.
 

a. Proportion bias estimate without ratio error:
 

n= riiX rX.ii
B ~ r 
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b. Proportion bias estimate without classification error:
 

- E r -rriXi)
 

n 
 =l \ii
 

C. Proportion mean squared error without ratio error:
 

MSE =r-- - r.iX.i
 

d. Proportion mean-squared error without classification error:
 

in 

MSE =- n - r.X.i2 .=i
 

Table 4-8 presents the -numerical results obtained for 37 spring
 
wheat blind sites for Phase II in Minnesota, Montana, North
 
Dakota; and South Dakota using the final estimates for X
 

TABLE 4-8.- PHASE II FINAL RESULTS FOR SPRING WHEAT
 

BLIND SITES IN USNGP
 

Fstinate Standard 90% confidence Mean Reduction in
category of 6ev. of Reductin squared
limits nean squared
I bias, % bias in bias, % for bias error error, %
 

Phase II final result -4.89 ­9.70 (-7.58, -2.19) 115.36 -

No ratioing error -2.45 49.9
8.54, (-4.82, -0.07) 76.91 33.3
 

No classification error -3.12 4.03 36.2 
 (-4.23, -2.00) 25.50 77.9
 

From table 4-8 it can be seen that the reduction'in bias is not
 
much larger when there is no ratioing error than when there is
 
no.small grain classification error. 
On the other hand, a much
 
larger reduction in mean-squared error is obtained when there is
 
no small grain classification error than when there is no ratio­
ing error. This indicates that the major problem is the class­
ification of small grains. 'If the classification problem is
 
solved, or at least reduced, then a bias stili exists due to
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ratioing. 
Hence, both problems need to be attacked, withmore
 
emphasis on the classification problem.
 

Variation of Proportion Error Throughout the Season
 

Table 4-9 shows the results of a blind site investigation to
 
study the variation of classification error throughout the sea­
son. All 33 segments were used. 
The definitions of the quanti­
ties listed are the same as those given in section 4.2:.2.1 in
 
connection with table 4-6.
 

TABLE 4-9.- MEASUREMENTS OF CLASSIFICATION ERROR
 
(LACIE ESTIMATES VERSUS GROUND-OBSERVED
 
PROPORTIONS) OVER ALL AVAILABLE BLIND
 

SITES IN THE USGP
 

SPRING WHEAT
 
Month NO. of 

segments MSEMont No.of D, % RMD, T % 
a% 

nderestimated 
August 33 158.5 -9.29 -41.6 88 
September 33 120,.l -5.72 -25.6- 82 
October 33 115.3 -5.38 -24.1 79 
Final 33 110.1 -5.05 -22.6 79 

aThis column contains the percentage of blind site segments in which
LACIE underestimated the wheat proportion.
 

The mean-squared classification error dropped from 158.5 in
 
August to 110.1 at the end of the-season - a decrease of 30 per­
cent.
 

The average difference D was negative for all months, indicating 
that the wheat proportions'were consistently underestimated
 
throughout the year. The magnitude of the errors declined 45 per­
cent in the period from August to the final estimate. In spite of
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these reductions there was still substantialunderestimation-at
 

the end of the season. At that time the wheat proportion in
 

79 percent of the sites was still being underestimated by LACIE.
 

4.2.2.3 Bias Due to Classificatiqn Error
 

Ground truth information from blind:site data obtained at harvest
 

was used to estimate bias due to classification. The procedure
 

is described in appendix A, section A.'3.1.4. In addition to the
 

assumption of normality for X, it is based on the following
 

assumptions:
 

a. The blind sites within a state are representative of the 

sample segments al.ocated to the state. 

b. The estimates of classification bias at the segment level are 

assumed to be independently and identically distributed for 

each allocated segment within a state. 

c. The acreage estimates ate uncorrelated at the state level 

and any bias in a state acreage estimate is due to classifi­

cation.. 

d. 	The derived state level yield estimatesare.uncorrelated and
 

are unbiased.
 

e. 	The state level acreage and yield estimates are uncorrelated.
 

f. 	The bias due to the Group III ratio estimates is negligible.
 

Under these-assumptions, the segment level classification bias
 

for each state is estimated by the average difference between
 

the CAMS wheat Proportion estimates and the ground truth wheat
 

proportions as determined from the blind sites within each state.
 

The state level acreage bias is then estimated by aggregating
 

this segment level'classification bias- estimate for each segment
 

acquired in the state in Phase II.- The results are given in
 

table 4-10. The-estimated acreage bias is significantly less
 

than zero for the USGP region, the four-state spring wheat region
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TABLE 4-10.- ESTIMATES OF THE BIAS AND RELATIVE BIAS OF THE LACIE ACREAGE
 

AGGREGATION ESTIMATES USING BLIND SITES
 

Region 


Winter wheat
 

Colorado 


Kansas 


Nebraska 


Oklahoma 


Texas 


USSGP 


USSGP (excluding Oklahoma) 


Montana 


South Dakota 


USGP 


Spring wheat
 

Minnesota 


Montana 


North Dakota 


South Dakota 


USNGP 


Total wheat
 

USGP 


LACIE acreage 

estimate (A) 


(103 acres) 


2 704 


11 125 


3 399 


4 261 


4 344 


25 833 


21 572 


2 079 


1 452 


29 364 


2 198 


1 516 


9 856 


2 079 


15 649 


45 013 


Aggregated 

acreage bias (B) 


(103 acres) 


-26 


-988 


199 


-2 583 


-483 


-3 881 


-1 298 


-913 


-470 


-5 264 


-2 275 


-827 


-2 385 


-37 


-5 524 


-10 788 


Relative 
B 

bias W 
(%) 

-1.0 


-8.9 


5.9 


-60.6 


-11.1 


-15.0 


-6.0 


-43.9 


-32.4 


-17.9 


-103.5 


-54.6 


-24.2 


-1.8 


-35.3 


-24.0 


Standard
 
deviation 


of B 


(103 acres) 


275.6
 

473.2
 

381.4
 

590.9
 

953.9
 

1 305.6 


1 164.2 


768.9
 

255.9
 

1 536.6 


908.2
 

393.3
 

801.9
 

592.0
 

1 404.6 


2 078.2 


90% confidence
 
limits for B
 

(in3 acres)
 

(-6 029,-i 733)
 

(-3 213,617)
 

(-7 792,-2 736)
 

(-7 835,-3 213)
 

(-14 207,-7 369)
 



of the 	USNGP, the seven-state winter wheat region of the USGP,
 
and the five-state winter wheat region of the USSGP. However,
 
if Oklahoma is excluded from the five-state winter wheat-tegion
 
of the USSGP, no bias is indicated for this region.
 

4.2.3 	 ESTIMATION OF THE WITHIN-COUNTY ACREAGE VARIANCES DUE TO
 
CLASSIFICATION AND SAMPLING ERRORS
 

In order to estimate the within-county acreage variances due to
 
sampling and classification errors, one first constructs the fol­
lowing three basic regression models: (1) true segment propor­
tion versus historical county proportion, (2) LACIE segment pro­
portion versus ground truth segment proportion, and (3) LACIE
 

* 
segment proportion versus historical county proportion. Then,
 
the regression equations are used to obtain the estimates for
 
°s2 + H'C2°c'2 and A2a s2 + c c ' H
 

respectively, the contribution due to classification, the con­
tribution due to sampling,, and the variance of the residuals
 
resulting from the regression of the current county proportion


a , where 2, a and 2represent,
 

2.
 
onto the historical county proportion. Assuming that a- is much
 

2 
 2
 
smaller than as, aH can be ignored in practice. Finally, the
 
maximum likelihood estimation technique, assuming normality, is
 

used to obtain the optimal estimates for sampling and classifi­
cation variances.. The detailed description of this method is
 
presented in appendix A.-


Table 4-11 provides the- estimates of the acreage variances (within
 
county) due to..classification and sampling errors. These esti­
mites were obtained using the CAMS.proportion estimates given in
 
the CAS Final Report, the ground truth proportions for the winter
 
wheat blind sites, and the country-proportions from the 1974
 

census.
 

As indicated in tabie 4-11, sampling contributes more error than
 
classification does to the estimates of within-county acreage
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AND SAMPLING ERRORSTABLE 4-11.- ACREAGE-VARIANCES-DUE TO CLASSIFICATION 

Area M* N** 
Within-county 

acreage variance 

Variance contribution 
Due to Due to 

classification sampling 

Fractional 
Dueto 

classification 

error 
Due to 
sampling 

Colorado 

Kansas 

Nebraska 

.Oklakkpa 

Texas 

Minnesota 

Mcntana 

N. bakota 

S. Dakota 

13 

34 

18 

20 

19 

5 

7 

14 

6 

19 

47 

15 

20 

28 

9 

13 

44 

13 

105.9 

104.2 

54.6 

199.7 

150.9 

163.1 

120.7 

221.8 

183.0 

20.8 

34.5 

27.2 

47.0 

55.0 

65.3 

85.6 

104.5 

144.7 

85.1 

69.7, 

27.4 

15 2 ., 

95.9L, 

97.8 

35.1 

117.3 

38.3 

0.197 

.332 

.498 

.235 

.364 

.AI00 

.709 

.471 

.791 

0.803 

.668 

.502 

.765 

636 

600 

.291 

.529 

.209 

*M 
**N 

= Number of blind sites used 

='Total number of processed segments - M 

00 



variances for the winter wheat states. No interpretation can be
 

made for the spring wheat states due to (1) the lack of consist­
ency of the results among those states, and (2) the limited num­
ber of blind sites used for the error estimation.
 

4.3 COMPARISON OF LACIE AND USDA/SRS YIELD ESTIMATES
 

Winter Wheat
 

The LACIE and USDA/SRS monthly winter wheat yield estimates for
 
the USSGP, the state of Oklahoma,-the mixed wheat states of Mon­

tana and South Dakota, and the USGP are displayed in plots 1
 
through 4 of figure 4-5. The estimates and their corresponding
 
relative differences and CV's are presented in table 4-12. Also
 
presented in the table is the test statistic used for determining
 

whether the LACIE estimate is significantly different from the
 
corresponding USDA/SRS estimate. This test statistic was calcu­
lated only at regional or higher levels, not at state levels.
 

At the USSGP level, the LACIE estimates were significantly dif­
ferent from the USDA/SRS estimates only for the early season
 

months of February, March, and April. The February and March
 
estimates of yield for USDA/SRS were actually estimates derived
 

by dividing the USDA/SRS production forecast for these months by
 
estimates of seeded (or planted) acres. Therefore, the SRS esti­
mates for these two months were yield per planted acre, rather
 

than yield per harvested acre, which is forecast by LACIE. Hence,
 
it is not surprising that these two estimates were significantly
 
different for February and March. However, none of the monthly
 
LACIE estimates were significantly different from the USDA/SRS
 

final estimate at this level.
 

The monthly winter wheat yield estimates by LACIE and USDA/SRS
 
for Oklahoma are displayed in plot 2 of figure 4-5 and the cor­
responding relative differences are given in table 4-12. Plot 2
 
indicates that the large underestimate ofwheat production by
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TABLE 4-12.- COMPARISON OF USDA/SRS AND LACIE
 

YIELD ESTIMATES
 

IBushels/acre]
 

Relative Test 

Region USDA/SRS LACIE difference Cta­
(a) M(%) () tistic 

February 

Winter Wheat 

Colorado 17.0 21.6 21.3 21 

Kansas 25.0 32.2 22.4 12 

Nebraska 27.1 33.7 19.6 14 

Oklahoma 15.0 22.9 34.'5 17 

Texas 12.0 18.8 36.2 19 

USSGP 19.8 27.6 28.3 7 4.04* 

March 

Winter Wheat 

Colorado 17.0 22.0 22.7 21 

Kansas 25.0 31.6 20.9 12 

Nebraska 27.1 34.2 20.8 14 

Oklahoma 15.0 22.0 31.8 17 
Texas 12.0 17.9 33.0 18 

USSGP 19.8 27.0 26.7 7 3.81* 

aThe USDA/SRS yield estimates for February and March were obtained
 
by dividing the production estimates by the corresponding acreage
 
estimates.
 

*The LACIE estimate is significantly different from the USDA/SRS
 
estimate at the 10-percent level.
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TABLE 4-12.-Continued.
 

Test
Relative
USDA/SRS 	 sta-
Region A) LACIE difference 

Ia) 	 (%) tistic
 

April
 

Winter Wheat
 

Colorado 21.0 20.3 -3.4 	 21
 

10
Kansas 	 26.0 29.9 13.0 


Nebraska 28.0 33.1 15.4 	 14
 

Oklahoma 21.0 21.7 3.2 	 14
 

0.6 14
Texas 17.0 17.1 

bussGP 22.7 25.9 12.4 6 2.06*
 

May
 

Winter Wheat
 

Colorado 22.0 19.7 -11.7 	 20
 

10
Kansas 	 28.0 30.1 7.0 


32.0 30.2 -6.0' 14
Nebraska 


Oklahoma 21.0 21.7 3.2 14
 

Texas 18.0 18.1 0.6 13
 

USSGP 	 24.9 25.3 1.6 6 .27
 

bThe five-state United States southern Great Plains region.
 
NThe LACIE estimate is not significantly different from the
 

USDA/SRS estimate at the 10-percent level'
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TABLE 4-12.- Continued.
 

o IRelative Test
 
Region USDA/SRS LACIE 'difference CV sta­

(a)(%) 
 tistic
 

June
 

Winter Wheat
 

Colorado 22.0 20.4 -7.8 17
 
Kansas .26.0 31.0 16.1 9
 
Nebraska 33.0 31.4 -5.1 13
 
Oklahoma 22.0 22.9 3.9 10
 
Texas 18.0 18.5 2.7 12
 

N
USSGP 24.4 26.4 7.6 5 1.52.
 

Montana 30.0 27.7 -8.3 12
 

S. Dakota 20.0 27.2 26.5 15
 
CMW states 27.4 27.4 0 9
 

dUSGP 24.8 26-.5 6.4 5 1.28N
 

July
 

Winter Wheat
 

Colorado 22.0 18.0 -22.2 17
 
Kansas 29.0 30.9 6.1 9
 
Nebraska 32.0 32.0 0 12
 
Oklahoma 24.0 22.9 -4.8 10
 
Texas 21.0 18.7 -12.3 12
 
USSGP 26.2 26.4 0.8 5 .0.16N
 

Montana 31.0 28.8 -7.6 9
 
S. Dakota 16.0 30.4 47.4 15
 
MW states 27.2 29.8 8.7 9
 

5 0.22N
USGP 26.4 26.7 1.1 


CThe mixed wheat states, Montana and South Dakota.
 
dThe nine-state United States Great Plains region.
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TABLE 4-12.- Continued.
 

Relative Test
 
Region USDA/SRS LACIE difference CV sta­

(a) (%) tistic
 

August
 

Winter Wheat
 

22.0 17.7 -24.3 17
Colorado 

4.5 9
Kansas 29.5 30.9 

0 12
32.0 32.0
Nebraska 


-5.3 10
24.0 22.8
Oklahoma 

18.7 -17.6 20
Texas 22.0 


26.6 26.4 -0,8 5 -.16

USSGP 


29.2 - -9.6 9Montana 32.0 


S. Dakota 19.0 30.4 37.5 14
 

MW states 28.7 29.7 3.4 8
 
-.14N
-0.7
26.7
26.9
USGP 


Spring Wheat
 
11
32.0 31.9 -0.3
Minnesota 
 14.8 11


N. Dakota 23.6 27.7 

e states 25.7 28.4 9.5 9
 

9
27.3 25.9 -5.4
Montana 

9.9 16.9 41.4 14
S. Dakota 


MW states 19.1 20.0 4.5 9
 
7,6 7 1.08
24.3 26.3
USGP 


fTotal Wheat
 

Montana 29.9 28.0 -6.8 4
 

S. Dakota 13.0 22.4 42.0 5
 

MW states 23.7 24.9 4.8 4
 
6 1.23N
 27.0 .7.4
9USNCP 25.0 


2.6 4 .65
25.9 26.6
USGP 


eThe spring wheat states, Minnesota and North Dakota.
 

fSpring wheat plus winter wheat.
 

gThe four-state United States northern Great Plains region.
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TABLE 4-12.- Continued-.
 

Region 


Winter Wheat
 

Colorado 

Kansas 

Nebraska 

Oklahoma-

Texas 


USSGP 


Montana 

S. Dakota 


MW states 


USGP 


.Spring Wheat
 

Minnesota 

N. Dakota 


SW states 


M6ntana 

S. Dakota 


MW states 


USGP 


Total Wheat
 

Montana 

S. Dakota 


MW states 

LSNGP 


USGP 


iiIRelative 


USDA/SRS

(a) 


22.0 

29.5 

32.0 

24.0 

22.0 


26.6 


32.0 

19.0 


28.7 


26.9 


34.1 

26.0 


28.0 


28.3 

11.9 


20.6 

26-4 


30.4 

14.3 


24.5 

26.7 


26.7, 


LACIE 


September
 

19.6 

30.9 

32.7 

22.6 

18.7 


26.5 


29.9 

31.6 


30.6 

27.0 


30.3 

27.1 


27.7 


27.2 

17.1 


21.0 

2b.3 


28.9 

23.1 


25.9 

27.1 


26.8 


I 

differe e 

dfe M 


-12.2 

4.5 

2.1 


-6.2 

-17.6 


-0.4 


-7.0 

39.9 


6.2 

0.4 


-12.5 

4.1 


-1.1 


-4.0 

30.4 


1.9
 
-0.4 


-5.2 

38.1 


5.4 

1.5 


0.4 


Ts 

c sta­
( tistic 

j CV ~Test
 

1.7 
9 
12 
10 
5 

5 -. 08 
9 
14 

8 
5 .08 

II 
11 

9 

9 
13 

7 -. 05 N 

5 
5 

4 
7 .21 

4 .10 
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TABLE 4-12.- Continued.
 

differece Test
USDA/SRS LACIE Reatie Csta­
Rein(a) tistic
j_%)_____%) 


October 

Winter Wheat 

Colorado 
Kansas 
Nebraska 
Oklahoma 
Texas 

USSGP 

22.0 
29.5 
32.0 
24.7 
22.0 

26.6 

19.6 
30.9 
32.7 
22.6 
18.7 

26.5 

-12.2 
4.5 
2.1 

-9.3 
-17.6 

-0.4 

17 
9 

12 
10 
5 
5 -. 08N 

Montana 
S. Dakota 

32.0 
19.0 

29.9 
31.6 

-7.0 
39.9 

9 
14 

MW states 

USGP 

28.7 

26.9 

30.6 

27.0 

6.2 

0.4 
8 
5 .08N 

Spring Wheat 

Minnesota 
N. Dakota 

33.0 
25.2 

30.3 
27.1 

-8.9 
7.0 

11 
11 

SW states 27.1 27.7 2.2 9 

Montana 
S. Dakota 

28.8 
11.9 

27.1 
17.2 

-6.3 
30.8 

9 
13 

MW states 

USGP 

20.8 

25.7 

21.3 
26.2 

2.3 
1.9 

8 
7 .27N 

Total Wheat 
Montana 
S. Dakota 

30.6 
14.3 

28.7 
23.1 

-6.6 
38.1 

5 
5 

MW states 

USNGP 

USGP 

24.6 

26.2 

26.4 

26.0 
27.0 

26.7 

5.4 
3.0 

1.1 

4 
6 

4 

.50N 

28N 
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TABLE 4-12.- Concluded.
 

Relative CV Test 
USDA/SRS LACIE 

. 

difference sta-Region 	 tistic
(%) (%)
(a) 


Final
 

Winter Wheat
 
-9.7 17
Colorado 21.5 19.6 

3.2 9


Kansas 	 30.0 31.0 

-Nebraska 32.0 32.7 2.1 12
 

10
24.0 	 22.6 -6.2 

5
 

Oklahoma 

Texas 22.0 18.7 -17.6 


5 -.16
26.8 	 26.6 -0.8 


-7.0 9
 
USSGP 


Montana 	 32.0 29.9 

43.0 14
S. Dakota 18.0 31.6 


MW states 28.6 30.6 6.5 8
 

0.0 5 0

USGP 	 27.0 27.0 


Spring Wheat
 
11
30.3 -6.9
Minnesota 32.4 

11
27.0 8.5
N. Dakota 24.7 


3.6 9

SW states 26.6 27.6 


-8.5 9
29.4 27.1
Montana 
 36.6 13

S. Dakota 10.9 17.2 


MW states 20.8 21.3 2.3 8
 
3.4 7
25.3 26.2
USaP 


Total Wheat
 
-7.7 5


Montana. 30.9 28.7 

5
23.1 42.9
S. Dakota 13.2 


MW states 24.6 25.9 5.u 4
 

USNGP 25.9 27.0 41 6 .68N
 

26.7 1.1 4 .28
VSGP 	 26.4 
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LACIE for this state was not due to the yield predictions. The
 

LACIE estimates of yield were only slightly lower than the cor­

responding USDA/SRS estimates from July to the final estimate.
 

The winter wheat yield estimates by LACIE .and USDA/SRS for the
 

two-state mixed wheat region of Montana and South Dakota are
 

exhibited in plot 3. The LACIE yield estimates were consistently
 

lower than the USDA/SRS yield estimates in Montana and consist­

ently higher in South Dakota. Combining the two resulted in a
 

consistent overestimation by LACIE over USDA/SRS for the two­

state total. The overestimation in South Dakota was due to the
 

incapability of the LACIE yield model for this state to forecast
 

the impact of the unusually dry weather conditions for this crop
 

year. This indicates the need for improved yield models at the
 

zone level for predictions in extreme weather conditions.
 

The monthly total winter wheat yield estimates for the seven
 

states in the USGP region are given in plot 4. At this level,
 

the LACIE estimates were not significantly different from the
 

USDA/SRS estimates for any of the months-reported. In fact, the
 

two final estimates were identical.
 

Spring Wheat
 

The LACIE and USDA/SRS spring wheat yield estimates for the two­

state spring wheat region of Minnesota and North Dakota are given
 

in plot 5 and the corresponding relative differences are reported
 

in table 4-12. The monthly LACIE estimates of yield for Minnesota
 

were consistently lower than the USDA/SRS estimates. On the other
 

hand, the LACIE estimates of yield for North Dakota were consist­

ently higher than the USDA/SRS estimates. As a result, the LACIE
 

two-state total estimates were very close to the USDA/SRS esti­

mates except for the month of August.
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Plot 6 displays the monthly estimates of spring wheat yield by
 

LACIE and USDA/SRS for the two-state mixed wheat region. Table
 
4-12 contains the corresponding relative differences for these
 
plots. The LACIE estimates of yield for South Dakota were con­

siderably higher than the USDA/SRS estimates. Recall that the
 
same situation occurred for the winter wheat yield estimates for
 

this state. The LACIE yield estimates for Montana, however,
 

were lower but much closer to the corresponding USDA/SRS esti­
mates, except for August when the LACIE estimate was slightly
 

higher. The two-state total spring wheat estimates by LACIE
 

were, as a result, higher but very comparable to the USDA/SRS
 

estimates.
 

The total spring wheat yield estimates for the four states in the
 
USNGP are given in plot 7. Table 4-12 shows the corresponding
 

relative differences and CV's. The LACIE estimates were not sig­

nificantly different from the corresponding USDA/SRS estimates
 

for any monthreported.
 

Total Wheat
 

The LACIE and USDA/SRS monthly total:wheat yield estimates for
 

the USNGP-are displayed in plot 8 and the relative differences
 
and CV's corresponding to this plot are shown in table 4-12.
 

The LACIE estimates were consistently higher than the USDA/SRS
 

estimates for all four months, but were not significantly differ­

ent from them.
 

The monthly total wheat yield estimates obtained by LACIE and
 

USDA/SRS for all nine states in the USGP are displayed in plot 9
 
and the corresponding relative differences and CV's are given in
 

table 4-12. The two estimates were not significantly different
 
for any month reported. Hence, the LACIE yield estimates at this
 
level were considerably more accurate (as compared to USDA/SRS
 
estimates) than the LACIE acreage estimates for Phase II.
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S. PHASE I SPECIAL-STUDIES
 

A number of special studies that were carried out in -Phase I are
 
discussed in this section. With the exception of the crop calen­
dar study described in section 5.5, they are all concerned -with
 
the effects of various factors on classification accuracy.
 

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

5.1.1 INTRODUCTION
 

A study was conducted to investigate the effects of three major
 
factors - site, biophase, and analyst interpreter (AI) - on
 

errors in the estimation of segment small grains proportions.
 
-All 
 14 AI's operating within CAMS for the LACIE Phase I operations
 
participated in this experiment. The test was run on two inten­

sive test sites (ITS's): segment 1969, Toole County, Montana,
 
and segment 1976, Franklin County, Idaho. These segments were
 

selected because MSS data were available for all four biophases.
 

(Classifications for at least one biophase were missing for all.
 
the other ITS's.) Each AI was required to interpret each bio­
phase acquisition for each segment using the Phase I operational
 

procedure. 'This resulted in a total of 56 small grains proportion
 
estimates for each segment. The data are given in table 5-1.
 
Table 5-2 lists some general observations made regarding these
 

two sites.
 

The analysis of variance (ANOVA) approach was used to analyze the
 
data. Let X be the CAMS proportions expressed as a fraction
 
rather than a percentage as in table 5-1 and let X be the ground
 

truth proportion. The-transformed dlta T obtained from-the
 
standard equation
 

-
T = sin- 1 (5-1) 
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TABLE 5-1.- CAMS PROPORTION ESTIMATE,
 

PERCENTAGE OF SMALL GRAINS
 

AI ITS 1969, biophase ITS 1976, biophase 

1 2 3 4 1 2 3 4 

A 18.8 46.7 50.3 46.6 29.4 29.2 36.7' 50.4, 

B 51.3 36.0 53.6 56.4 49.1 25.2 12.1 30.5 

C 16.8 37.4 60.2 31.0 41.0 10.9 17.2 25.7 

D 31.4 13.8 53.0 39.3 8.6 15.7 5.6 16.4 

E 12.8 47.2 54.6 57.6 23.5 22.6 19.6 32.4 

F 35.5 46.6 56.8 57.6 0.0 9.8 0.0 0.0 

G 67.5 48.0 52.0 37.0 37.0 25.7 30.5 36.0 

H 17.2 41.6 49.0 48.4 22"6 17.8 26.3 26.2 

J 25.0 39.7 48.6 38.1 22.6 21.9 30.9 17.4 

K 32.1 68.2 32.8 32.1 48.7 10.3 39.4 28.7 

L 7.5 44.9 57.4 46.7 42.4 19.6 27.8 35.8 

M 25.0 42.5 66.2 47.2 44.2 30.5 35.1 2.9 

N 55.2 42.3 38.1 48.3 26.8 21.7 20.2 20.1 

0 89.2 36.8 36.1 36.7 49.0 38.3 25.4 48.9 

Average per
biophase 

34.7 42.2 50.6 44.5 31.8 21.4 23.4 26.5 

Ground truth 38.3 38.3 38.3 38.3 26.0 26.0 26.0 26.0 

TABLE 5-2.- DIFFERENCES IN PHYSICAL CHARACTERISTICS OF
 

INTENSIVE TEST SITES
 

Factor 	 Segment
 

1969 	 1976 

Location 	 Toole County, Montana' Franklin County, Idaho
 

Size 	 3.7 by 11 km (2 by 5.'6 by 5.6 km (3 by 
6 ri.mi.)' 3 n. mi.)
 

Small-grain 37.7% 26%
 
proportion
 

CAMS results 	 Overestimated in bio- Underestimated in
 
phases 2, 3, and 4; biophases 2 and 3;
 
underestimated in overestimated in
 
biophase -1 biophases 1 and 4.
 

Imagery 	 10% to 15% cloud cover Good
 

for biophases 2 and 3
 

AI 	 More consistent Higher variability
 

Ancillary data 	 More small grains; Less small grains;
 
less winter wheat; more winter wheat;
 
strip cropping random field contour;
 

irrigated fields in
 
biophase 1
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was used in an attempt to satisfy the uniform variance assumption
 

of the ANOVA model. The difference
 

-
t sin- x-- sin-l.q (5-2).
 

was the response variable'to quantify errors in proportion
 

estimates.
 

5.1.2 ANOVA MODEL'
 

The experimental design is a three-way classification with the
 

following model:
 

tijk = + ai + j,+ (a$)ij + k + (ay )ik + ( Y)k + (cty)ijk 

+ eijk (5-3)
 

where 

= Mean response 

a. = Effect of ith site
-i 

J -=
. Effect of jth biophase
 

(aaS)ij =,Interaction between ith site and jth biophase
 

Yk ='Effect of kth AI
 

(aY)ik = Interaction between ith site and kth AI 

(BY)jk -= Interaction between jth bioph&se and kth AI
 

(ay~ijk = Three-way interaction between ith site, jth biophase, 

and kth AI 

and eijk is the random error component. It is assumed that 
(aY)ijk = 0 ande. is independent and identically distributedijk
 

as normal with mean 0 and variance a 2. The model is a mixed one
 
e 
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in which biophase and AI are considered "fixed" effects and site
 
a random effect. 
 The two sites are considered to constitute a
 
random sample from a large population of sites.
 

The objectives of this experimental study can now be stated in
 
terms of testing the following hypotheses:
 

" No "main" effect due to
 

a. site
 

b. biophase
 

c. AI
 

" No interaction between
 

d. site and biophase
 

e. site and AI
 

f. biophase and AI
 

5.1.3 
 RESULTS AND CONCLUSIONS
 

An examination of data in table 5-1 indicates that proportion esti­
mates varied considerably more in biophase 1 than in other bio­
phases for segment 1969 but not for segment 1976. 
 This suggests
 
that it may be inappropriate to assume thd error variance compo­
nent Lo be the same for all combinations of sites and biophases or
 
of sites, biophases, and AI's. 
To explore this conjecture further,
 
analyses of variance were carried out both with and without bio­
phase 1 data. The numerical results obtained for the ANOVA per­
formed on all 112 data points are given in table 5-3(a). Because
 
there was no replication of the data, an unbiased estimate of the
 
error variance could not be obtained; only one observation was
 
available for each combination of factors. 
 The residual mean
 
square error provided an unbiased estimate of the error variance
 
and the three-way interaction (ITS/biophase/AI) variance component.
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TABLE 5-3.- ANALYSES OF VARIANCE OF INTENSIVE TEST SITE DATA
 

(a) With biophase as a factor
 

Source of Degrees of Sum of Mean
 
variation freedom' squares square F-ratio
• error
 

Site 1 0.11113 0.1,1113 4.21
 

Biophase 3 .02419 .00806 .11
 

AT 13 .70676 .05437 1.10
 
ITS vs biophase 3 .22339 .07446 a2. 8 2
 
ITS vs AI 13 .64351 .04950 
 a1 .8 7
 
Biophase vs Al 39 .91976 .02358 .89
 

Residual 39 1.03620 .02642
 
(site vs bio­
phase vs AX)
 

Total 112 3.65894
 

(b) Without biophase 1
 

Source of Degrees of Sum of Mean
vrainSquare F-ratio
 
variation freedom squares erF-t
 

error
 

Site 1 0.26860 0.26880 b13.64
 

Biophase 2 .01933 .00967 1.54
 

Al 13 .40112 .03086 .74
 

ITS vs biophase 2 .01259 .00629 .32
 

ITS vs Al 13 .54343 .04180 
 a2 .1 2
 
Biophase vs Al 26 .34931 .01344 .68
 

Residual 26 .51247 .01971
 
(site vs bio­
phase vs Al)
 

Total 83 2.01685
 

(c) With biophase treated as a replicate
 

Source of Degrees of Sum of Mean
 
variation freedom squares square F-ratio,
 

error 

Site 1 0.26860 0.26880 b16.8 

AT 13 .40112 .03086 .73 

Site vs AT 13 .54343 .04180 a2.61 

Error 56 .89370 .01596 

asignificant at the 5-percent level. 
bSignificant at the 1-percent level.
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Since the latter was assumed to be zero, the residual mean square
 
error became an unbiased estimate of the error variance. On this
 
basis, when F-tests were applied at the 5-percent level of sig­
nificance, the following conclusion was reached: There was a sig­
nificant interaction between ITS and AI, and between ITS and bio­
phase, but no significant interaction between biophase and AI.
 
Because of the significant interactions, one cannot arrive at any
 
definitive conclusion about the significance of the individual
 
factors of site, AI, and biophase.
 

Data investigation suggested that biophase 1 was causing the inter.
 
action between ITS and biophase. On the average, proportions were
 
underestimated in biophase 1 and overestimated in biophases 2, 3,
 
and 4 for segment 1969 but the reverse was the case for segment
 
1976. The data also revealed a lack of homogeneity between bio­
phase 1 and other biophases, and this may be the cause of some of
 

the interaction.
 

When biophase 1 was omitted in the data analysis, the results of
 
the ANOVA were as listed in table 5-3(b). The F-test was applied
 
on 
the same basis as for the (a) portion of the table and the fol­
lowing results were obtained:
 

a. There was significant interaction between ITS and AI.
 

b. There was no significant interaction between ITS and biophase.
 

C. The site effect was highly significant.
 

d. There was no significant interaction between AI and biophase.
 

e. The biophase effect was not significant.
 

Since biophase was not a significant factor in terms of its main
 
effect or its interaction with other factors, it could be "repli­
cated"; i.e., sums of squares involving biophase terms could be
 
pooled to form a more precise estimate of error variance, and
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thus 	a better evaluation of other factors could be made-. Data
 

for table 5-3(c) were obtained by pooling the sums of squares
 

due to biophase, ITS x biophase, and AI x ITS x biophase in
 

table 5-3(b). Once again the same conclusion was reached; i.e.,
 

there was significant interaction-between ITS and AI, and the ITS
 

effect was highly significnant. Averaging over sites, no signif­

icant differences between AI's were found, but this finding has
 

little significance since it was already seen that AI' s performed
 

inconsistently between the two sites; i.e., the Al x site inter­

action was significant.
 

Based on the above analysis, it was concluded that:
 

a. 	The CAMS error in proportion estimation varied significantly
 

from one ITS to another.
 

b. 	There was significant difference in the relative performance
 

between AI's from one segment to another.
 

c. 	Biophase 1 caused interaction between ITS and biophase. If
 

the two ITS's were not a random sample from a larger popula­

tion, inference about the site factor could not be widely
 

applied.
 

5.2 	FOUR-AI STUDY OF THE EFFECT OF SMALL GRAINS PROPORTION,
 
AMOUNT OF TRAINING DATA, AND BIOPHASE
 

In this experiment, four AI's, working independently and using the
 

CAMS rework procedures, analyzed all of the acquisitions over the
 

23 Phase I ITS's listed in appendix C which have acquisitions
 

satisfying-the CAMS rework criteria. The results were used to
 

study (1) the effect of the proportion of small grains in the
 

segment on proportion error (section 5.2.1), (2) the effect of the
 

amount of training data on proportion error (section 5.2.2), and
 

(3) theeffect of biophase on labeling accuracy (section 5.2.3).
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5.2.1 EFFECT OF THE PROPORTION OF SMALL GRAINS IN THE SEGMENT
 

Figure 5-1 is a plot of proportion error as a function of ground
 

truth small grains porportions. Proportion error is defined as
 

X
I

where
 

X = CAMS estimated small grains proportions
 

X = Ground-observed small grains proportions.
 

The plot shows that the sites that were low in small grains were
 

mostly overestimated and the sites that were high in small grains
 

were mostly underestimated. The same type of plot was made for
 

,each biophase, each AI; and each group of ITS's within a state.
 

All plots reflected the same behavior as that depicted in fig­

ure 5-1. This behavior can be explained theoretically as follows:
 

Let X be the proportion of small grains in a segment and X its
 

estimate made by CAMS. Then, the expected proportion error (i.e.,
 

bias) can be expressed as
 

E(X) - X = X(l - a) + (l .- X) B - X (5-4)
 

= 6- (a + 6)X
 

where a denotes the proportion of small grains pixels classified
 

as "other" (i.e., non-small-grains) and is the expected propor­

tion of "other" pixels classified as small grains. So, for a.
 

fixed.v&lue of (a + 1), the bias in X is-a decreasing function of
 

X. Moreover, if X < 1/2,
 

E(X) X > - ) -)/( 5-5) 

> 0, provided a > a 

and if X > 1/2,
 

E(X) - X < (3- a)/2 (5-6) 

< 0, provided S < a 
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Data depicted in figure 5-1 seems to suggest that the conditions
 

in equations (5-5) and (5-6) regarding the two types of errors are
 

"fairly" well satisfied when X is very small or X > 1/2. 

Thresholding
 

For a-further explanation of these two types of errors, and thus
 

dependence of proportion error on X, the thresholding aspect of
 

the CAMS operation was investigated. (See page xvii for a defi­

nition of thresholding.) Since thresholded pixels were considered
 

as "other", it was likely that fewer pixels classified as small
 

grains would be thresholded from sites that had low small grains
 

density; whereas, more pixels classified as small grains would be
 

thresholded in sites with high small grains density. To determine
 

whether thresholding could be a factor contributing to the trend
 

depicted in figure 5-1, the fraction of the ground truth area
 

which was actually small grains but was thresholded out (FWT)
 

was plotted versus the ground truth small grains proportion
 

(figure 5-2). The ground truth area is the portion of a segment
 

for which ground truth was collected. FWT is the difference
 

between a proportion estimate with no threshold and a proportion
 

estimate with a 1-percent threshold. Data in figure 5-2 show no
 

trend in FWT when plotted against X; thus, thresholding can
 

probably be discarded as an explanation of the results depicted
 

in figure -5-1.
 

5.2.2 EFFECT OF THE AMOUNT OF TRAINING DATA
 

Since each of the four AI's worked independently, there were four
 

different sets of training data for each ITS/biophase combination,
 

each having a different number of pixels. Figure 5-3 shows a plot
 

of proportion error versus the number of training pixels. Although
 

one can see a slight reduction in proportion error as the number
 

of training pixels increased, only a limited amount of information
 

can be gained by the study of this plot, the reason being that the
 

amount of training data selected-by the AI's was very much site
 

dependent. That is, the four AI's tended to choose only slightly
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different amounts of training data within-a given site, but the
 

amount varied considerably from one ITS to another, since propor­

tion error was found to be'highly dependent on site. Figure 5-3
 

reflects mainly the differences in sites but does notr6veal much
 

about the effect of the number of training pixels.
 

75 

60­

45 

dP15L
30 

oXP15 *­

30 *. " 

:45
 

.60 

-75 ,, 	 I 
400 	 800 1,200 1,600 2,000 2,400 

NUMBER OF TRAINING PIXELS 

Figure 5-3.- Proportion error­
versus the number of training 
pixels. 

5.2.3 EFFECT OF BIOPHASE ON LABELING ACCURACY
 

An effort w&s made to determine which biophase, or combination of
 

biophases, provided.the most success in labeling training fields.
 

The area of ground-truth varied from one ITS to another, whereas
 

the AI-selected training fields were taken from any place within
 

the segment. The accuracy data presented in table 5-4 refer only
 

to those fields which were selected-from the ground truth area of
 

each segment.
 

The labeling accuracies varied a great deal from ITS to ITS but
 

were relatively consistent for fields within sites. Thus, the tab­

ulated results, which were based on two or more sites, were not
 

very accurate as measures of average expected performance.
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TABLE 5-4.- TRAINING FIELD LABELING ACCURACY BY BIOPHASE
 

Number of sites
 

Biophase PCLW PCLO averaged 

1 0.404 0.715 22 

1, 2 .583 .946 9 

1, 3 .677 .821 8 

1, 4 .660 .876 3 

.1, 2, 3 .538 .946 3 

1, 2,- 4 .847 .346 1 

1, 3, 4 .900 .922 3 

1, 2, 3, 4 .235 .927 2­

.In summary, it appears that the accuracy of CAMS wheat proportion
 

estimation, as w/ll as training field labeling, is site dependent.
 

This is partly a result of the small grains density in a site/seg-


The proportion estimates were found to be relatively high
ment. 


for low-density sites and lower for high-density sites.
 

5.3 CAMS REWORK EXPERIMENT
 

Several serious implementation problems were uncovered in the ini-


These were corrected
tial Phase I quasi-operational CAMS system. 


and the Landsat data reanalyzed by CAMS. The resulting area esti­

mates were referred to as the CAMS rework estimates.
 

An experiment was designed to test the ability of the CAMS rework
 

operations to improve small grains proportion estimates for seg­

ments that had been processed previously. Eleven ITS's were
 

selected for the experiment, including three in Kansas and three
 

in Texas, with the remaining five segments distributed in Montana
 

and in North and South Dakota. The Kansas and Texas sites were
 

selected to provide information on the USSGP. The remaining sites
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were 	selected to augment the knowledge acquired from the-blind
 
site 	study of the mixed and spring wheat sites in the USNGP.
 

The acquisition dates were selected to be .representative of imag­
ery available in actual operations. No more than one acquisition
 
per biophase was used, and biophases were determined by actual
 
crop 	calendars. All sites were ITS's over which at least two
 
passes had been made, and each had an acquisition from either bio­

phase 2 or 3 (table 5-5).
 

The sites were worked by each of four AI/Data Processing Analyst
 
(AI/DPA) Teams randomly selected from teams which were familiar
 

with CAMS rework methodology. Each AI/DPA Team reviewed the ini­
tial processing of each segment and accepted or reworked it for
 
an estimate of the proportion of small grains in the segment.
 

-5.3.1 COMPARISON OF CAMS REGULAR VERSUS CAMS REWORK RESULTS
 

Table 5-6 shows the results of the comparison of CAMS regular
 
versus CAMS rework results. In 27 percent of the cases (12 out
 

of 44), the results were improved'by the CAMS rework procedure;
 
in 23 percent of the cases (10 out of 44), the results were made
 

worse by the CAMS rework procedure. In the other cases the seg­
ment was either declared unworkable or the original result was
 

accepted. These results did not give any clear indication of
 
whether or not the CAMS rewdrk procedure gives better results than
 

the CAMS regular procedure.
 

5.4 	 BLIND SITE PROPORTION ERRORS IN CAMS REGULAR AND REWORK
 
PROCEDURES
 

Ground truth was collected from North Dakota and Montana LACIE
 
operational segments which had been acquired and processed for at
 
least two biophases. These sites were selected.after biophase 2,
 
thus providing a greater proportion of three and four acquisitions
 

from a segment and allowing multitemporal processing. Aircraft
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TABLE 5-5.- ACQUISITIONS FOR CAMS REWORK EXPERIMENT
 

Segment Acquisition number for biophase
 

1 2 3 4
 

1687 74133 75205
 

1960 74291 "75150
 

1962 74324 75131
 

1963 74289 75131
 

1965 75155 75191
 
a1 967
 

1969 75161 75179 75215 75233
 

1970 75142 75179 75233
 

1978 74291 75133
 

1979 74291 75133
 

1980 74291 75133
 

1986 75150 75169 75187
 

a	Not suitable for processing because of lack of ground
 

truth.
 

TABLE 576, COMPARISON OF CAMS REGULAR VERSUS REWORK RESULTS
 

I = Improved results 
W - Worse than original 
N = Original accepted 
U = Segment declared unworkable 

_ AI/DPA TeamSegment 

A B C D
 

1687 I w I [
 

1960 N N N N
 

1962 I I N W
 

1963 I I N W
 

1965 N N W N
 

1969 N I W I
 

1970 N W W W
 

1978 N N N -I
 

1979 N N N N
 

1980 N W I W
 

1986 I I U
 

Totals 12 I's 3 U's 110 W's 19 N's
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photography was obtained for each of the 25 segments and photo­
interpreted to obtain ground truth small grain proportions. (For
 
some representative Segments this ground tiuth was corroborated
 

by visual inspection on the ground.)
 

Small grain proportion estimates obtained for these segments with
 
CAMS regular and rework procedures were compared with their ground
 
truth proportions. The CAMS regular estimates were those obtained
 
using the regular CAMS operatibnal procedures applied to the last
 
acquisition available for each blind site. 
The CAMS reworked
 

estimates were obtained for 19 segments. Of these, l0 were act­
ually reprocessed and for the other nine segments, the original
 
classification was declared acceptable by the rework team. 
This
 
acceptance .qualifies a segment to be considered a "reworked"
 

segment.
 

Figures 5-4 and 5-5 show the CAMS proportion errors plotted as a
 

function of the ground truth proportions. These figures appear
 
to show that proportions were overestimated by the CAMS regular
 
procedure and underestimated by the CAMS-rework procedure; how­
ever, in both cases, the Wilcoxon matched-pairs signed-rank test*
 
failed to. reject,the hypothesis of symmetric proportion errors
 

around-zero.
 

*R. P. Runyon and A. Habr, Fundamentals of Behavioral Statistics,
 
Addison-Wesley Publishing Co., Reading, Mass., 1971, pp 263-265,
 
308, etc.
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Figure 5-4.-
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as a function of X.
 

30
 

20
 

0
 

I< -10
 

-20, 

-301
 
10 20 30 40- 50 60 70
 

x
 

Figure 5-5.-
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5-.5 CROP CALENDAR VERI-FICATION
 

To assess the performance of the adjustable crop calendar (ACC)
 

the ACC output for the USGP region CRD's in which the Phase I ITS's
 

were located was compared to average crop calendar output and to
 

ground truth. The ACC .for each ITS used in comparison'is listed
 

in table 5-7. Because ground-truth data were'not received by the
 

Data Acquisition, Preprocessing, and Transmission Subsystem (DAPTS)
 

of the LACIE, data sets for the following ITS's were not analyzed
 

and'thus were not included in this study.
 

. Segment 1964, CRD 50, Ellis County, Kansas
 

* Segment 1962, CRD 50, Saline County, Kansas
 

" Segment 1968, CRD 20, Glacier County, Montana
 

* Segments 16-87 and 1986, CRD 50, Hand County, South Dakota
 

* Segment 1967, CRD 10, Divide County, North Dakota
 

The Phase I biophases and their respective biological wheat stages
 

are as follows:
 

Biological wheat stage
 
Biophase
 

Number Activity
 

1 	 1 Planting
 
2 Emergence
 

2 	 3 Jointing
 

3 	 4 Heading
 

4 	 5 Soft dough
 
6 Ripening
 
7 Harvest
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TABLE 5-7.- ADJUSTABLE CROP CALENDAR FOR U.S. GREAT PLAINS INTENSIVE TEST SITES
 

County jSegment C'RD Biophase 1 --
Planting Emergence 

Biophase 2 jBiophase 3 
Jointing I 'Heading 

Biophase 4 
Soft dough Ripening Harvest 

Kansas (winter wheat) 

Finney 1960 30 9/20/74 9/24/74 4/20/75 5/17/75 6/13/75 6/27/75 7/02/75 

Morton 1961 30 9/12/74 9/22/74 5/08/75 5/14/75 6/15/75 6/24/75 6/30/75 

Rice 1963 50 9/20/74 9/27/74 4/05/75 5/11/75 6/14/75 6/28/75 7/02/75 

Deaf Smith 1979 J11 9/22/74 

Texas (winter wheat) 

9/30/74 4/15/75 5/15/75 6/10/75 6/25/75 6/30/75 

Oldham 1980 11 9/10/74 9/18/74 4/08/75 5/12/75 6/08/75 6/21/75 6/22/75 

Randall 1978 11 9/15/74 9/23/74 4/10/75 5/10/75 6/05/75 6/20/75 6/23/75 

Minnesota (spring wheat) 

Polk 1987 10 5/1/75 5/25/75 6/24/75 7/05/75 7/27/75 8/11/75 8/16/75 

Montana (spring wheat) 

Hill 1971 20 5/15/75 5/25/75 7/08/75 7/20/75 8/08/75 8/20/75 9/12/75 
Liberty 1970 20 5/16/75 6/02/75 7/11/75 7/28/75 8/15/75 9/08/75 9/17/75 

Toole 1969 20 5/25/75 6/06/75 6/27/75 7/10/75 8/15/75 9/20/75 10/05/75 

Burke 1965 10 5/24/75 

North Dakota (spring wheat) 

6/03/75 7/03/75 7/16/75 18/05/75 8/27/75 9/08/75 
Williams 1966 10 5/21/75 5/31/75 6/17/75 7/12/75 8/02/75 8/25/75 9/15/75 



The crop calendar comparisons are graphically depicted and -dis­

cussed in the following subsections.
 

5.5.1 KANSAS (WINTER WHEAT)
 

Segment 1960, Finney County
 

Finney County is located in the north-central portion of the CRD.
 

The wide range between the ACC and the ground-truth curves is
 

attributed to differences in jointing dates between the ITS and
 

USDA/SRS state averages (fig. 5-6). The jointing data on which
 

the ACC was started was May 6, 1975. This date was supplied by
 

the USDA/SRS office in Kansas and represents the CRD average
 

50-percent jointing,date. In comparison, the ITS 50-percent
 

jointing date was April 20, 1975.
 

Segment 1961, Morton County
 

Located in the extreme southwest corner of the CRD, the data from
 

this ITS may not be representative of the entire CRD. However,
 

the meterological data used to effect the calendar adjustments
 

were derived-'from stations located in Dodge City, Kansas, and
 

Gage, Oklahoma. Dodge City, which is located in the extreme
 

northeast corner of CID 7, and Gage are equidistant from the ITS.
 

An apparent discrepancy exists in the ground-truth data, inasmuch
 

as the period between jointing and heading is too short to be
 

realistic (fig. 5-6). If the dates for the other two ITS's are
 

'used as a guide, it'would suggest that the jointing date is
 

incorrect.
 

Segment 1963, Rice County
 

The location of'this ITS is in the south-central part of the CRD.
 

The ground-truth data do not compare favorably, especially in the
 

early stages of development (fig. 5-6). The NOAA We'kly Weatha2,
 

and Crop Bulletin reported wheat development noticeably behind
 

the normal curve on April 22, 1975. The state averages for Kansas
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reported 10 percent jointed compared to- A5 percent in 1974 and a
 

40-percent average. The ITS ground-truth data reported 50 percent
 

jointing on April 5. The state average reported the 50-percent
 

jointing date as May 1. The 50-percent jointing date for the CRD,
 

as supplied by the -USDA/SRS, is May 3. The ground-truth date for
 

50-percent jointing is April 5. This, again, is the obvious con­

tributor to the wide range between the ACC and ground truth from
 

the jointing through the soft-dough stages. From all appearances,
 

the ITS dates appear to be either (1) erroneous or (2) the devel­

opment of wheat within the ITS for the 1975 season was a clear
 

exception from the normal reported state and CRD averages.
 

The trend in all three of. the comparisons for Kansas indicates a
 

difference in the interpretation of the 50-percent jointing dates
 

between the ITS-, the state-, and-the CRD-level USDA/SRS averages.
 

The biggest discrepancies between the ITS and ACC data are attri­

buted to the -difference in interpretation rather than to the
 

location,of the -ITS within the CRD.
 

5.5.2 TEXAS (WINTER WHEAT)
 

Segment 1979-, Deaf Smith County
 

Deaf Smith County is located in the west-central part of this CRD,
 

which is in the Texas Panhandle.' The minimum and maximum temper­

atures of record most-representative of that area were obtained
 

from Amarillo, Texas, approximately 64 kilometers (40 miles) east
 

of the ITS and at a slightly lower elevation. The difference
 

(warmer at the meteorological station because of the lower eleva­

tion) between the ITS temperature and the average temperature for
 

the CRD would probably account for the slightly advanced CCEA
 

crop calendar readings (plot 4, fig. 5-6).
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Segments 1980 and 1978, Oldham and Randall Counties-


These two ITS's are in close proximity to the nearest meteorolog­

ical reporting station. Consequently; the minimum and maximum
 

temperatures used to effect the'adjustments will keep the ACC out­

put in closer agreement With the ground truth (fig., 5-6.)
 

5.5.3 MINNESOTA (SPRINr WHEAT)'
 

Segment 1987, Polk County
 

The ACC was not run for Minnesota until June 24, 1975; consequent-


Segment
ly, no comparison was made through the jointing stage. 


1987, Polk County, is close to the center and should be represen­

tative of the CRD., The only discrepancy appears around the head­

ing stage (figure 5-7). The meteorological data prior to the
 

crop calendar adjustment date indicated unseasonably cool weather
 

[with a -6o C (-21* F) deviation from-the weekly normal tempera-


The NOAA Weekly Weather and Cygop Bulletin for Minnesota
turej. 


covering the period of July 7 through 13, 1975, reported there
 

was "small grain ripening in the southern two-thirds, but in
 

important northern counties a lot of acreage not-yet headed."
 

5.5.4 MONTANA (SPRING WHEAT)
 

Segment 1971, Hill County
 

The major difference between the ITS ground-trnth data and the
 

ACC output was the reported-planting data-for the CRD and for the
 

ITS (fig. 5-7). The ACC-model performed very well in the ITS
 

This was a late season for Montana, which
throughout the season. 


the ACC tracked very well.
 

Segments 1970 and 1969, Liberty and,Toole Counties
 

Both of these ITS's are located in the northwest part and may not
 

be representative of the other wheat-growing areas within the CRD.
 

The most obvious discrepancy between the ground-truth data and
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ACC plots is the fact that the Liberty County ground-truth,crop
 

calendar is consistently slower than the ACC (fig. 5-7). The
 

Toole County plot (plot 4) is first fast and then slow after
 

This suggests unusually large differences in
the heading stage. 


the development of wheat between-the two ITS's, which are located
 

The fact that
only approximately 48 kilometers (30 miles) apart. 


one -is slower and the other faster than the ACC indicates that
 

A
the ACC may indeed be providing-a good average for that CRD. 


comparison against the USDA/SRS CRD average confirms this. 
(The
 

It
USDA/SRS CRD average is plotted-on the Liberty County plot. 


is noteworthy that the 50-percent dates for emergence and joint­

ing were not made available and are not plotted.)
 

5.5.5 NORTH-DAKOTA (SPRING WHEAT)
 

Segment 1965, Burke County
 

the USDA/SRS planting
The ITS planting date was May 24, 1975; 


supplied to the CCEA for comparison to the
date for the CRD as 


model was May 30. After allowances were made for the difference
 

in planting dates, no significant differences were apparent for
 

the remainder of the crop calendar.
 

Segment 1966, Williams County
 

This ITS is located-in the center of the county, which is in the
 

southwest part of the CRD. The meteorological input is provided
 

by Williston, North Dakorta, minimum and maximum temperature
 

The reports from this station are more representative
reports. 


of the ITS than of the CRD because of the station's close prox­

imity to the-ITS. Elevation differences are minimal. The CRD
 

planting date supplied by USDA/SRS to start the ACC was May 30,
 

1975,; the ITS planting date was May 21 (fig. 5"7). This dif­

ference in dates accounts for the difference in the initial devel­

opment stages between the ITS and the ACC plot.
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5.5.6 RESULTS OF ACC ANALYSES
 

To suimarize the evaluations in sections 5.5.1 through 5.5.5,
 

the ACC performance for Phase I operations during the jointing,
 

to-soft-dough stage for winter wheat and the planting-to-soft­

dough stage for spring wheat in the U.S. Great Plains appeared
 

to be quite good, assuming the validity of planting,dates. The
 

biggest discrepancies were early in the season - at jointing for
 

winter wheat and at planting for spring wheat. An 8- to 10-day
 

disagreement occurred between the dates the USDA/SRS reported
 

for the CRD (which were used as starter dates for the ACC) and
 

the ITS ground-truth data. The ITS ground truth and ACC output
 

were closest to agreement at the heading and soft-dough stages.
 

Indications are that more accurate starter dates would have
 

allowed the ACC to perform more accurately throughout the spring
 

and summer.
 

The results of the study show that
 

a. Accurate starter models for spring wheat are vital to good 

overall performance of the ACC. 

b. Proper operatioA of the ACC for winter wheat before and 

through dormancy to provide an accurate estimate of jointing 

in spring is vital to the overall operation of the ACC for 

winter wheat. 
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6. PHASE II SPECIAL STUDIES
 

This 	section contains a description of several special studies
 

performed in Phase II. All of the ITS investigations were con­
sidered to be special studies even if they were similar to the
 
blind site studies reported in section 4.
 

6.1 	 ITS STUDY OF THE DEPENDENCE OF CAMS ERROR ON TRUE WHEAT
 
PROPORTIONS
 

The ITS's were not aggregated by CAS but they were processed by
 
CAMS 	as if they were regular sample segments; i.e., an estimate
 
of the small grains proportion within the ITS was made using
 
Phase II classification procedures. The analyst selecting the
 
training data did not have access to the ground truth data.
 

Winter Wheat
 

In Phase II there were 32 acquisitions from 14 winter wheat ITS's
 
located in Kansas, Washington, Idaho, Texas-and Indiana. The
 
CAMS 	errors for these acquisitions are plotted as a function of
 
ground-truth wheat* proportion in figure 6-1. The overall trend
 

is similar to that observed in the blind site data (figure 4-3),
 
i.e., there is a trend toward negative values of X - X as X
 
increases. In fact, for X > 10 percent there is only one acqui­
sition for which the CAMS result is not an underestimate relative
 
to ground truth. Similar results were found for the blind site
 
data (section 4.2.2.1). The data points in figure 6-1 do not
 
constitute a random sample since in many cases two or three of
 
them correspond to different acquisitions of the same segment.
 

Therefore, a statistical analysis of these data was not performed.
 

*The CAMS wheat proportions were obtained by ratioing the CAMS
 
small grains proportions.
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Spring Wheat
 

In Phase II there were 16 acquisitions from 10 spring wheat ITS's.
 

There were two from ITS's in North Dakota, two in Montana, and
 
one in Minnesotd. The'other 1i acquisitions were from three ITS's
 

in Canada.
 

Figure 6-2 shows a plot of the CAMS classification errors as a
 

function of ground truth proportions. There is'a tendency toward
 

negative values of X - X as X increases, but it is less well de­
veloped than in the spring wheat blind site data (section 4.2.2.2).
 

In particular, five out of the fifteen points for X > 25 percent
 

correspond to positive values of X - X. A statistical analysis
 

was not performed on these data for the same reason given above
 

for the winter wheat data.
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6.2 	 INVESTIGATION OF THE DEPENDENCE OF CAMS ERROR ON
 
ACQUISITION DATE
 

In this section, "acquisition date" refers to the date of the
 

last acquisition used to classify the CAMS data. The CAMS clas­

sifications were based on this acquisition and on all previous
 

acquisitions. Two studies of the dependence of CAMS error on
 

acquisition date were conducted in Phase II. One of these was
 

an ITS investigation (section 6.2.1Y and the other was a blind
 

site 	investigation (section 6.2.2).
 

6.2.1- ITS INVESTIGATION
 

The data used in these investigations were the same as those used
 

in the investigations reported in section 6.1 for, both winter and
 

spring wheat.
 

Winter Wheat
 

Figure 6-3 shows the plot of the winter wheat CAMS errors as a 

function of acquisition date. It will be seen that the estimates 

based on very early acquisitions (before December) have very 

large errors. For later acquisitions the only well developed 

trend seems to be a consistent underestimation. The overall 

average of X - X was -14.4 percent. When estimates based on 

acquisitions before December 1975 were omitted, the averaae of 

X - X was-9.6 percent. 

Spring Wheat
 

Figure 6-4 shows the plot of the CAMS error as a function of the
 

acquisition date for spring wheat. There is a clear tendency
 

toward underestimation for early acquisitions and overestimation
 

for late acquisitions. All the acquisitions before the first
 

week in August led to underestimates and all the acquisitions
 

after the first week in August led to overestimates.
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6.2.2 BLIND SITE INVESTIGATION
 

In this investigation the average errors for blind site wheat pro­

portions in the USGP were studied as a function of the month of the
 

latest acquisition used by CAMS to obtain their estimate of wheat
 

proportions. All of the winter wheat blind sites in the USGP for
 

which data were available were used. Spring wheat was not studied
 

because data were not available for enough segments.
 

Table 6-1 gives the mean squared error, the bias, and the stan­

dard deviation for each month from Novermber 1976 to July 1977.
 

Also given is the number of sites for each month. Each site used
 

had at least one acquisition in that month. Since the same set of
 

sites was not used for each month, some of the variation from month
 

to month was due to a corresponding change in the sample. The most
 

interesting result shown in table 6-1 is the large drop in the mean
 

squared error and standard deviation in April, followed by an in­

crease in May and June. The same trend was observed for most of
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TABLE 6-1.- FULL-MONTH CLASSIFICATION ERROR FOR WINTER WHEAT.
 

Acquisition Std Number of
 
Period MSE Bias Dev Sites
 

11/1 - 11/30 120.1 -4.5 10.1 36
 

12/1 -12/31 161.8 -5.0 11.8 47
 

1/1 - 1/31 114.9 -5.5 9.3 61
 

2/1 - 2/29 123.5 -5.7 9.6 60
 

3/1 - 3/31 80.5 -1.3 8.9 64
 

4/1 - 4/30 45.2 -3.3 5.9 63
 

5/1 - 5/31 70.2 -0.9 8.4 82
 

6/1 --6/30 84.3 -2.9 8.8 88
 

7/1 - 7/31 48.3 -0.6 7.0 58
 

TABLE 6-2.- MID-MONTH TO MID-MONTH CLASSIFICATION ERROR FOR
 
WINTER WHEAT
 

Acquisition Std Number of
 

Period MSE Bias Dev Sites
 

11/16 - 12/15 85.1 -3.4 8.7 27
 

12/16 - 1/15 191.8 -7.0 12.1 42 

1/16 - 2/15 '110.0 -5.1 9.2 65 

2/16 - 3/15 108.6 -4.2 9.6 73 

3/16 - 4/15 57.7 -1.1 7.6 59 

4/16 - 5/15 54.7 -1.3 7.3 80 

5/16 - 6/15' 72.9 -2.7 8.1 92 

6/16 - 7/15 70.6 -2.1 8g2 66 

7/16 - 8/15 36.5 0'0 6.1 31 
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the individual states.- Also, there.was.a significant .decrease in
 

the magnitude of the bias in March.
 

Table 6-2 gives similar results'with the exception that the acqui­
sition windows were shifted by 15.days in an attempt to assess the
 

effect of sampling. The same overall pattern exists except that
 

in this case "minimum" in the mean squared error and standard­
deviation is spread over the period of March 16 through May 15
 
and the decrease in the bias is in the period of March 16 through
 

April 15.
 

6.3 ITS STUDY OF LABELING AND CLASSIFICATION ERRORS
 

After the normal processing was completed for a given ITS, accu­
racy assessment personnel randomly selected approximately 15
 

wheat and 15 nonwheat test fields in the ground truthed area of
 

the ITS. The ground truthed area-was usually 3 x 3 miles and in
 

any case-was always smaller than the segment arei (5 x 6 nauti­

cal miles). The-test fields were selected so as not to overlap,
 

any of the training fields chosen by the analyst.
 

The test fields were used to determine the probability of correct
 

classification (PCC) by comparing the classification results for
 

these fields with ground truth on a pixel-by-pixel basis.
 

Labeling error was studied by determining the percentage of train­
ing fields, in the ground truthed area that were labeled correctly.
 

Usually there were only eight to ten such fields since, in general,
 

less than one-half of the total number of training fields were in
 

the ground truthed area.
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Winter Wheat
 

.Table 6-3 shows the results obtained in the final classification
 

for the winter wheat ITS's.
 

Labeling accuracy was determined for seven ITS's. For non-small
 

grains (NSG) the labeling accuracy was 100 percent for five of
 

the six cases, but for small grains (SG) the labeling accuracy
 

was 100 percent for only three of the six cases. In three cases
 

the labeling accuracy for SG was less than that for NSG, and in
 

one case the labeling accuracy for SG was greater than that for
 

NSG. Thus, the labeling accuracy was considerably better for
 

NSG than for SG.
 

The probability of correct classification was determined for 11
 

of the winter wheat ITS's. In all but one of these the PCC for
 

NSG was higher than for SG, and the average value for SG (63 per­

cent) was considerably lower than that for NSG (86.9 percent).
 

Thus, the error of omission (classifying SG as NSG) is consider­

ably larger than the error of commission (classifying NSG as SG).
 

The fact that the PCC for SG is 27 percent lower than that for
 

NSG whereas the labeling accuracy for SG is only 10 percent
 

below that for NSG suggests that the low value for the PCC for
 

SG was probably due in part to the analysts missing some SG
 

signatures. This is probably a major cause of the observed
 

under-estimation.
 

Spring Wheat
 

Table 6-4 shows the results obtained in the final classification
 

for the spring wheat ITS's in the U.S. and Canada. Training field
 

labeling accuracy was not available for these sites.
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TABLE 6-3.- ITS WINTER WHEAT FINAL CLASSIFICATION RESULTS
 

PCC Labeling Accuracy
 

Segment State Acq X X X - X SG NSG SG NSG 

1961 Kansas 2006 8.8 8.2 -'0.6 HC HC HC HC 

1962 Kansas 3645 49.0 66.1 -17.1 62-7 78.3 100 100 

1963 Kansas 2346 34.0 50.7 -16.7 66.5 94.8 75 100 

1964 Kansas 1276 42.7 44.9 -2.2 93.4 79.5 100 100 

1988 Kansas 1276 29.2 33.0 -3.8 67.4 97.3 - -

1972 Washington 2316 48.8 74.0 -25.2 53.2 100 -­

1973 Washington 1786 29.9 44.7 -14.8 78.9 99.5 100 100 

1974 Washington 1426 43,.6 63.1 -19.5 42.5 58.7 _ -

1976 Idaho 2266 26.8 28.2 -1.4 52.3 53.7 75 67 

1977 Idaho, 2276 9.6 28.7 -19.1 47.9 99.3 75 100 

197,8 Texas 1106 24.7 48.4 -23.7 51 .1 99.5 80 100 

1980 Texas 0566 f.6 3.0 -1.4 HC HC HG HC 

1982 Indiana 2266 0.6 6.0 -5.4 -HC HC HC HC 

11983 Indiana 32Y5 29.1 4.5 24.6 78.0 95.8 - -

Average 27.0 35.9 -8.9 63.0 86.9 86 95 

Acq r Acquisition date; last digit indicates year; e.g.,. 2006 indicates that'the
 

segment processed was the 200th day of 1976.
 

a hand count was performed.
HC = indicates that 


X = CAMS small grains proportion estimate-for the ground truthed area.
 

X = Ground observed proportion of small grains.
 

= Estimate of the probability of correct classification:_
PCC 

SG = Small grains. 

NSG = Non-small grains. 
(in'ground truthed area) correctlyLabeling Accuracy 	 Percentage of training fields 


labeled.
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TABLE 6-4.- ITS SPRING WHEAT FINAL CLASSIFICATION RESULTS
 

State/ PCC 
Segment County Acq. X X X - X SG NSG 

1965 N. Dakota 2216 39.6 47.0 -7.4' 48.6 97.9 

1967 N. Dakota 1866 30.0 34.5 -4.5 - -

1969 Montana 1566 28.0 45.0 -17.0 71:6 88.8 

1971 Montana 1556 44.2 50.2 -6.0 94.8 95.4 

1987 Minnesota 1456 45.8 56.2 -10.4 83.0 95.8 

1958 Canada 2246 58.1 56.9 +1.2 92.8 89.0 

1984 Canada 2436 38.2 33.2 +5.0 887 97.9 

1985 Canada 1536 47.2 31.5 +15.7 95.8 92.9 

1991 Canada 2186 53.0 72.9 -19.9 75.4 84.0 

1995 Canada 1826 49.2 67.7 -18.5 86.9 99.2 

Average 43.3 49.4 -6.1 81.9 93.4 

Acq. = Acquisition date; last digit indicates year; e.g.., 
2006 indicates that the segment processed was the 
200th day of 1976-. 

Ix = CAMS proportion estimate of small grains. 

X = Ground observed proportion of small grains. 

PCC = Estimate of the probability of correct classification. 

SG = Small grains. 

NSG = Non-small grains. 
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The probability of correct classification was determinea ror
 

nine sites. " In all but two of them-the PCCtfor NSG was larger
 

than for SG-. The average for SG (81.9 percent) was smaller than
 

the-average forNSG (93.4 percent) but the difference was less
 

than that obtained for winter-wheat. Also, the spring wheat.
 

accuracies for both SG and NSG are -considerably higher than the
 

corresponding accuracies for winter wheat.
 

6.4 EFFECT OF BIOPHASE ON- PROPORTION ESTIMATION
 

Two studies were conducted in Phase II to'investigate the effect
 

of biophase on proportion estimation. In one of these the bias
 

and standard deviation of'the proportion errors were estimated
 

for blind sites analyzed using,various biophase combinations.
 

In the second study the Wil-
It is described in section 6.4.1. 


coxon matched-pairs signed-rank test was used to investigate
 

whether proportion estimation errors using data from biophase 4
 

were different -from those using data from biophase
 

'EFFECT OF VARIOUS BIOPHASE COMBINATIONS
6.4.1 


Table 6-5 shows estimates of the bias and standard deviation for
 

various combinations of biophase. All the winter wheat blind
 

sites in the USGP were used. Spring wheat blind sites were not
 

studied because sufficient data were not 	available.
 

TABLE 6-5.- CLASSIFICATION ERROR BY BIOWINDOW COMBINATION
 
(WINTER WHEAT)
 

Bias Std dev. Number of Sites
Combination 


1 -2.5 9.2 117
 

1-2 -0.8 6.8 72
 

1-3 -5.1 6.6 	 19
 

32
1-2-3 0.8 4.9 


1-4 -6.1 14.1 19
 

33
1-2-4 	 -2.0 -7.9 


1-3-4 -5.5 6.6 17
 

1-2-3-4 +1.1 5.1 31
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The best results were obtained using data from the blopnase com-


It will be seen that the last four
binations 1-2 and 1-2-3. 


combinations in table 6-5 are the same as the first four combina­

tions except that biophase 4 has been added. In every case the
 

magnitude of the bias and the standard deviation were increased
 

by adding biophase 4 data, except for the combination 1-3, where
 

the magnitude of the bias increased but the standard deviation
 

These results indicate that better estimates
remained the same. 


might be obtained if data from biophase 4 were not used.
 

6.4.2 BIOPHASE 1 VERSUS BIOPHASE 4
 

A test was made to determine whether the proportion estimates
 

based on data from biophase 4 were significantly different from
 

Since there
proportion estimates based on data from bidphase 1. 


were not enough paired data per state for biophases 1 and 4 for
 

reliable comparison, the data for the five USSGP states were
 

merged (i.e., for 23 blind sites) and a comparison of biophase
 

data was made on this basis.
 

1
 
The Wilcoxon matched-pairs signed-rank test was applied to X,
 

and 4 where- 1 is the proportion of small grains estimated in a
 

given blind site using biophase 1 data and X4 is a corresponding
 

estimate using biophase 4 data.
 

The signed-rank test as applied here assumes that the differences
 

X1 X4 can be ordered in terms of a greater than or less than
 

Each rank is assigned the same algebraic sign as the
relation. 


R.p. Runyon and A. Haber, Fundamentals of Behavioral Statistics,
 

Addison-Wesley Publishing Co., Reading, Mass., 1971, pp. 263-265.
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corresponding difference so that the direction as well as the
 
4
magnitude of X - is utilized in the test. :The.null hypothe­

sis is made that the sums, T, of positive and negative ranks are 

equal with an assigned level of significance; i.e., positive and 

negative ranks of the same-magnitude are equally likely. 

Critical values of T are to be-fdund in tables prepared by
 

WilcoxonI for various numbers, N, of samples (here N = 23).
 

Under the null hypothesis the distribution of the differences
 

X- X4 is symmetric about zero; i.e.,-a mistake-of a given mag­

nitude is equally likely using biophase 1 or 4.
 

Upon applying the test described, for a 10-percent level of sig­

nificance, it was found that the null hypothesis could not be
 

rejected. It follows that LACIE estimates made using data from
 

biophase 4 could not be said to be different from estimates made
 

on .the basis -of data from biophase 1.
 

6,.5 ADJUSTABLE CROP CALENDAR ERROR
 

The adjustable crop calendar is designed to indicate to the CAMS
 

analyst the growth stage of wheat and other crops in the segments
 

he is analyzing. It can therefore be expected to have a consid­

erable impact on' the accuracy of the CAMS estimates. A study was
 

performed to determine the accuracy of-the ACC by comparing it
 

with ground-observed growth-stage data.
 

Ground-observed growth-stage data were collected by USDA/ASCS
 

personnel over eight ITS's in Texas and Kansas during the months
 

of April through June. These ground-observed data were plotted
 

along with comparable LACIE ACC-predicted wheat development data.
 

One of the plots (from Deaf Smith County, Texas) is presented in
 

figure 6-5.
 

Ibid, -table J, p. 308.
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Table 6-6 shows the differences 5 between the 
LACIE ACC estimates
 

and the ground truth values for the sixth day of April, May, and
 

A negative sign indicates the LACIE estimate 
was lower
 

June. 

It will be seen that in most
 (i.e.t "behind ') the ground truth. 


cases the LACIE estimat
e was behind ground truth and that the
 

difference got larger as the season progressed. 
In: June all the
 

ACC predictions were behind the ground truth 
stages.
 

TABLE 6-6.- COMPARISON OF LACIE ADJUSTABLE .CROP CALENDAR WITH
 

INTENSIVE TEST SITES IN THE
OBSERVED STAGES IN'THE EIGHT 


U.S. SOUTHERN GREAT PLAINS
 

[D in the BMTS units of the -Robertson scale]
 

Date
Site 


County State April 6 May 6 June 6
 

-0.12 -0.33 -0.28
 

Deaf Smith Texas -. 08 	 -42 -. 39 

0 -. 08 

Randall Texas 


Oldham Texas .01 


Ellis Kansas 
 0 -. 42 -.51
 

Rice Kansas 0 
 -. 44 --.38 

- '.38Phinney Kansas -.17 	 -.04 


-.51 -.42
Saline Kansas -.18 


Morton Kansas -.16 0 -.08
 

1 -.12 -.27 -.32
Average 


6.6 RELATION OF CAMS ERROR TO CROP CALENDAR ERROR
 

This investigation was performed to determine whether crop cal­

endar error had an influence on the accuracy of CAMS estimates.
 

All of the ITS acquisitions described in section 6..l which had
 

crop calendar data were used. The classification errors were
 

regressed on the crop calendar errors (measured in days). The
 

shown in table 6-7.- Significance
correlation coefficients are 


tests applied to the -correlation coefficients.indicated that 'no
 

significant correlation existed between crop calendar error and
 

classification error for any of the four cases shown in table 6-7.
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TABLE 6-7.- CORRELATION OF CROP CALENDAR ERRORS AND
 

CLASSIFICATION ERRORS
 

Winter wheat Spring wheat 
iSample size r Sample size r 

Adjustable-crop 
calendar 9 .57 12 -.37 

Nominal crop 
calendar 10 .27 13 .10 

6.7 SUMMARY OF PHASE II TEST AND EVALUATION OF YIELD MODELS*
 

Eleven years of test yield predictions for the LACIE Great Plains
 
model zones were evaluated for their combined and individual ,per­

formances. The estimates were geherated with the CCEA regression
 

models as revised for LACIE Phase II with a "flagging" procedure
 

for weather inputs and new trend segments. Also, characteristics
 

of individual models were analyzed to identify first-order sources
 

of strengths and weaknesses.
 

The hypothesis of the 11 years of simulated yield predictions
 

meeting the LACIE 90/90 criterion was tested with a sign test.
 

The hypothesis was accepted for the criterion applied at the
 
country level, but was rejected with application of the criter­
ion directly to the Great Plains area. Projection of the 90/90
 

criterion to individual zones may not be valid since yield errors
 

for several zones appeared positively correlated.
 

*Details of these tests are reported in the LACIE document:
 
Phase II Test and Evaluation of Yield Models for the U.S. Great
 
Plains.
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Three-of the models showed a significant mean level bias which
 

was attributed to differences between areas used to develop and
 

test the models.
 

A check was made using the Phase i 1-976)" case to reconfirm that
 

there are no apparent differences between applying the models at
 

the district level or applying them to weather aggregated to the
 

state level.
 

All but two of the models displayed a significant tendency to
 

(a type of func­overestimate when yields were low and vice versa 


tional bias seen as restricted dynamic ranges).
 

Estimates by the completezweather versions of the Red River,
 

Montana winter wheat and Colorado models did not produce mean
 

square errors significantly smaller than-the trend-only versions.
 

Then, in a comparison using constant trend coefficients, the mean
 

for all zones were smaller than whep the coeffic­square errors 


ients were recomputed after each.additional year-entered-the re­

gression. The coefficients for trend terms appeared to be the
 

least stable.
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APPENDIX A
 

PHASE II ACCURACY ASSESSMENT METHODOLOGY
 

A.l INTRODUCTION
 

This appendix contains mathematical details of the techniques used
 

in accuracy assessment. The methods used in comparing the LACIE
 

estimates for acreage, yield, and production with the reference
 

standard are presented in section A.2. The techniques used to
 

study errors in the LACIE estimates are discussed in section A.3.
 

A.2 COMPARISON OF LACIE ESTIMATES WITH REFERENCE STANDARDS
 

The reference standards to which the LACIE estimates are compared
 

are the USDA/SRS estimates for the United States and the FAS esti­

mates for foreign countries. The statistic used for making these
 

comparisons is the relative difference (RD) defined as follows:
 

=(RD - STANDARD x 100%)(LACIE 


where LACIE stands for the LACIE estimate of wheat production,
 

area, or yield and STANDARD represents the corresponding reference
 

standard estimate. This definition expresses the difference be­

tween the two estimates as a percentage of the LACIE estimate.
 

Significance tests of no difference are made only at the region
 

or country level for the LACIE production, area, and yield esti­

mates for spring wheat, winter wheat, and total wheat. For a sig­

nificance test, the LACIE estimate (of wheat production, area, or
 

yield) is assumed to be approximately normally distributed with
 
2
 

unknown mean p and variance ULACIE* A test of the hypothesis
 

H : p = STANDARD
 
o 

versus the alternative hypothesis
 

H : p STANDARD
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is then made using this assumption., The test statistic is given 

by 

Z2= LAcIE - STANDARD (A-1) 

LACIE 

which, under the null hypothesis, is approximately normally distrib­

uted with mean 0 and variance 1. The null .hypothesis is rejected
 

in favor of the-alternative at the a-level of significance if
 

IZI 	> ze/2 

where z is the (i - ) critical point of the standard normal 
distribution. For a = 0.10, za/2 = 1.645, and if IZI > 1.645, it 

is concluded that the mean of the LACIE estimator is significantly
 

different from the reference standard estimate.
 

A.3 ERROR SOURCES IN LACIE
 

The 	techniques used to study errors in the estimates of acreage,
 

yield, and prbduction are discussed respectively in section A.3.1,
 

A.3.2, and A.3.3 of this appendix.
 

A.3.1 ACREAGE
 

This section contains a description of the methods used to esti­

mate the following:
 

I.- The errors in segment wheat proportion estimates (section
 

A.3.1.1).
 

2. 	Wheat acreage at the state and higher levels (section A.3.1.2).
 

3. 	The v&rianbe of the wheat acreage estimates (section A.3.1.3).
 

4. 	The bias in the acreage estimates for large areas having ground
 

truth available for a subset of their LACIE segments (section
 

A.3.1.4).
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5. 	The relative variances of the sampling and classification
 

errors in stratum wheat acreage estimates (section A.3.1.5).
 

A.3.1.1 Error in Proportion Estimates at the Segment.Level
 

This section describes the statistical calculations used to-com­

pare CAMS wheat proportion estimates for blind sites with the
 

corresponding ground truth values. Let N be the number of seg­

ments allocated to a region (state or higher level) and let n be
 

the number of blind sites selected randomly from these N segments.
 

For a region, let Xi represent the CAMS estimate of the proportion
 

of wheat in the ith segment and let X. represent the ground truth
 

proportion of wheat in the ith segment, where i = 1, ..., N.
 

Then the average error vD is given by
 

i2_I -X1D. x i 	 (A-2) 

The 	estimate of p0 is given by
 
/
-1 n 

D = -_,l(X i - Xi (A-3) 

where the summation is taken over the n blind sites. Letting 

Di = Xi - xi, we may estimate the variance of D by 

n 2 

$= ( - N} i-l(Din-i) 	 (A-4) 

Lower and upper confidence limits for the population average dif­

erence vD are given by
 

WDL 	= D- tal/2 S ,' U D + tl-a/2S (A-5)
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where tl1-/2 is the value of the l-a/2 percentage point, from the
 

Student's t distribution with (n-l) degrees of freedom, correspond­

ing to the desired confidence level of 1-a.
 

The hypothesis pD = 0 (i.e., no bias) is rejected at the a-level 
of significance if D/SU > tl1 a/2, or equivilently, if the con­

fidence interval given by equation (A-5) does not contain zero.
 

A.3.1.2 Acreage Estimation
 

This section gives a brief summary of the methods used-to estimate
 

wheat acreage. These methods are described in detail in appen­

dix B of the CAS Requirements.Document.*
 

A.3.1.2.1 Background of Sample Allocation
 

The LACIE sample allocation in the U.S. Great Plains (USGP) region
 

is based upon a two-stage stratified sampling scheme in which
 
counties represent the primary sampling units (substrata) and
 
5- x 6-nautical-mile segments are secondary sampling units. The
 

criterion for determining the total sample size was the ability
 

to achieve a sampling error'of 2 percent or less for the country
 

wheat acreage estimates and, hopefully., the ability to meet the
 

90/90 criterion goal for the production estimate.
 

Sample segments were allocated to the counties based on relative
 

weights derived from agriculture and wheat acreage reported in
 

1969 agriculture census statistics. Depending upon the relative
 

weights, counties were designated-as Group I (at least one Sample
 

segment in the county), Group II (at most one sample segment in a
 

county), or Group III (no sample segments in the county). All
 

Group II counties in a CRD (stratum) were combined to determine
 

the number of segments allocated to the Group II part of the CRD.
 

*Crop Assessment Subsystem (CAS) Requirements Vol IV (Rev. B)
 
(Change Notice, March 8, 1977), JSC-11329, LACIE C00200.
 

In this appendix any reference to the CAS Requirements Document
 
indicates this specific document.
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A probability proportional to size (PPS) procedure was applied to
 

select the Group II counties in a CRD which were to receive these
 

segments.
 

Once the number of segments to be allocated to- each county was
 

determined, the sample segments were selected at random within the
 

agricultural area of the county. For further details of the LACIE
 

sampling scheme refer to the CAS Requirements Document (JSC-11329).­

A.3.1.2.2 Aggregation of Acreage Estimates
 

Wheat acreage estimates are made for each CRD, state, and region
 

(group of states) in the USGP. However, no estimate is made for
 

a state if it does not contain three or more segments satisfactor­

ily processed by CAMS. Segment data may be lost due to the fol­

lowing cases of nonresponse:
 

1. 	The sample segment being obscured by cloud cover.
 

2. 	Landsat data quality being insufficient to permit processing.
 

3. 	Landsat data acquisition failing to register with the refer­

ence Landsat image.
 

4. 	Failure of acquisition/processing procedures to provide an
 

acceptable estimate.
 

No replacement is allowed if a sample segment is not workable by
 

CAMS.
 

A CRD acreage estimate consists of three components:
 

1. 	An acreage estimate for the Group I counties in the CRD for
 

which segment data exist. (A group I county is treated as a
 

Group III county if it.does not have at least one segment with
 

an acceptable proportion estimate.)
 

2. 	An acreage estimate for the entire set of Group II counties
 
in the CRD if there is at least one segment with an acceptable
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proportion estimate in this set of counties. (Otherwise, the
 

Group II counties are all treated as Group III counties.)
 

3. 	An acreage estimate for the Group III counties, including the
 

Group I and Group II counties being treated as Group III
 

counties.
 

The wheat acreage estimates for these three components are com­

puted using a stratified random sampling estimator for the Group I
 

counties, a PPS estimator for the Group II counties, and a ratio
 

estimator for the Group III counties.*
 

There are three categories of Group III acreage estimates, depend­

ing on the number of segments in a CRD for which data are available.
 

Categories 1, 2, and 3 correspond respectively to three or more
 

segments, one or two segments, and no segments having data avail­

able. The ratio used for the Group III estimator is the ratio of
 

historical wheat acreages for Group III counties to Group I and'
 

Group II counties. For category 1 estimates it is based on acre­

ages in the CRD. For category 2 and category 3 estimates it is
 

based on acreages in the state contaihing the CRD for which the
 

estimate is being made..
 

The 	CRD wheat acreage estimate is obtained from the sum of the
 

wheat acreage estimates for Group I, II, and III counties. Next,
 

aggregation of the CRD acreage estimates gives a state wheat acre­

age estimate, and summation of the state acreage estimates gives
 

the 	regional wheat acreage estimate. For specific aggregation
 

formulas, see appendix B in the Cas Requirements Document.
 

In a mixed wheat area, separate aggregations are performed for
 

spring and winer wheat and the total wheat acreage estimate is
 

obtained by summing the results, This is done at the CRD and,
 

higher levels.
 

*For details on these standard estimation procedures, see Sampling
 

Techniques by W.G. Cochran, Wiley, 1963.
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A.3.-1.3 Acreage Variance Estimation
 

The acreage variance estimation for a CRD requires ah estimate of
 

within-county variance for each of the Group I and Group II coun­

ties in the CRD-. Often there is only one sample segment in a
 

county and hence no direct estimate of the within-county variance
 

is possible. Therefore, an indirect method is employed. This
 

method uses a regression approach and is based on the assumption
 

that the historical county proportions are well correlated with
 

the CAMS proportions. The method consists of (1) forming homo­

geneous groups of counties in a state with respect to the within­

county variability, (2) performing regression for the CAMS seg­

ment wheat proportion estimate onto the county historical wheat
 

proportion, and (31 taking the residual mean square error (MSE)
 

for an estimate of the within-county variance for each county in
 

the group. This procedure for LACIE-Phase II is described in
 

appendix B of the CAS Requirements Document.
 

For estimation of a CRD acreage variance, the acreage variance
 

components for Group I and Group II counties are estimated inde­

pendently. For Group I counties it is computed according to the
 

variance formula for a stratified random sampling scheme.1 The
 

appropriate inputs of county sizes, number of- sample segments,
 

and within-county variance estimates are obtained using the above­

mentioned procedure. Similarly, the variance formula for a PPS
 

estimator is employed to compute the.Group-II acreage variance
 

estimate. -,It requires all of the inputs mentioned in the Group I
 

case plus the probabilities of selection of Group II counties for
 

sample allocation. These probabilities are those utilized in
 

determining which of the Group II counties in a CRD receive sam­

ple segments.
 

icf = Sampling Techniques, by W. G. Cochran, Wiley, 1963.
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The acreage variance component for the Group III counties depends
 

directly on Groups I and II variances and cohtributes to the CRD
 

acreage variance indirectly through the ratio utilized to obtain
 

the Group III acreage estimate. The formulas used to calculate
 

the acreage variance for the Group III counties are described in
 

appendix B of the dAS Requirements Document. As mentioned above,
 

there ate three categories of Group III acreage estimates and
 

each category has a different formula for the variance estimate.
 

For category 1 the variance estimate depends on the acreage esti­

mates for all the Group I and Group II counties in the CRD; for
 

categories 2 and 3 it depends on the acreage estimates for all of
 

the Group I and Group II counties in the state.
 

If data are available for at least three segments in each CRD in
 

the state, the acreage variance estimate is computed by adding
 

the variance estimates for the CRD's in the state. Otherwise,
 

the state variance estimate is obtained using an aggregation pro­

bedure which accounts for the dependence between various CRD
 

acreage estimates in a state.
 

Since the state acreage estimates.are obtained independently, the
 

acreage variance estimates-at both the regional and country levels
 

are computed by adding the state acreage variance estimates.
 

In a mixed wheat area, separate aggregations are performed for
 

estimating the- variance of the spring and winter wheat acreage
 

In each case the estima­estimates at the CRD and higher levels. 


tion procedure is the same as that described above for each,aggre­

gation level. The acreage variance estimates at the CRD and
 

state levels for the total wheat case are obtained from the pre­

viously described variance formulas using total wheat acreage
 

estimates for sample segments and the historical total wheat for
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counties in the area. For higher levels the total wheat acreage
 

variance estimates are computed by taking the sum of the vari­

ance estimates for the states involved. The CRD and state level
 

variance estimates for the total wheat case are not unbiased;
 

therefore, the method of determining variance of a total wheat
 

acreage estimate in a mixed wheat area is considered approximate.
 

A.3.1.4 Acreage Bias Estimation
 

The method for estimating bias described in this section is
 

valid for any area having a sufficient number of blind sites to
 

represent the bias. In this report it is applied at the state
 

and higher levels.'
 

The LACIE estimate of wheat acreage for a given area can be
 

written
 

n. 
A = W X. (A-6)

i 1
 

where A is the estimated wheat acreage, Xi is the wheat propor­

tion estimate in the ith LACIE segment, n is the number of
 

processedLACIE segments, -and W are weights based on his­

torical and cartographic data.*
 

C'6rrespondin4 to A is the true acreage, A, which can be written,
 

n 
A = Z(A-7)i=l i'1 

*The precise definition of Wi depends on whether the ith segment
 

is used as part of a Group III estimate.
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where C i is the true wheat acreage for the county containing
 

the ith segment and W is the value of the weight which would
 

give perfect Group III estimates of wheat acreage for unsampled,
 

counties.
 

-We can now write
 

-
Xi = Ci + X - Ci) + iA Xi 

= Ci + 6i + E. 

where Xi is the true wheat proportion of the ith segment, 6i is 

the sampling error and i -is the classification error. Since 

sampling-is unbiased, we assume E(6i) = 0; howeverCwe do-not 
' 
assume unbiased classification. Instead, let e be an average
 

segment bias* i.e.,
 

=E(i) 6
 

The bias in A is defined by E(A -,A), which is thus given by
 

B =E(A W(A) + i 1i=l
Q1n 
W Xi i w 

n -n+= WiE(C i 6i. + ej) r-7 WC i 

. n n •
 
(w.- w4)c: + a W. (A-8)


i=l i=l
 

Note that the first term of equation (A-8) represents a bias
 

caused by the failure of the Group III ratios to be exact;
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(i.e., W, 3 Wt), wherea 'the,sbcond term is thd-'average'segment 
bias multiplied by the sum of the W.. 

At present, only the second term of equation' (A-8) will be
 

estimated, since good county-level data are not available for
 

The second term is estimated by
estimating the first term. 


(not necessarily
(1) breaking up the large area into strata 


connected) for which the-bias is assumed to be approximately.
 

averageconstant; (2) estimating k by k n= l (x ­

kil 

proportion error on a segment level in the kth stratum; and
 

(3) aggregating 6k over the strata.
 

If B represents the AA estimate of bias due to classification, a
 

90-percent confidence interval for B, the real bias, can be con­

structed by
 

(B - 1.645a, B + 1.645a)
 

where-a2 is an estimate of.the variance of B.
 

If we assume Var 2 (a constant) within the kth stratum,
 
2


then 
ck can be estimated by
 

nk ^)
 

i=l k ­

and Var(B) can be estimated by
 

zek( 
n 2 

Vi~r(B) k a ki=l:Wkwk~
 

where Wki is the weight for the ith seament in the kth .stratum.
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A.3.1.5 	 Contribution of Sampling and Classification to Acreage
 
Estimation Error
 

This sectiondescribes the calculation of the contribution of
 

sampling and classification errors to the variance of the LACIE
 

production estimate.
 

A.3.1.5.1 -Approach
 

The variance of the LACIE acreage estimate for a large area
 

(e.-g., zone) can be written
 

V2= 
E Vio2
 

2
where a is the variance of the acreage estimate for the ith 

county and Vi is a weight which depends on the size of the 

county, the number of segments in the county, etc. (Refer to
 

CAS Requirements Document, appendix B for-details.)
 

The variance a. 
2
1 represents a mean-squared deviation between the 

LACIE estimate for the county wheat proportion and the true 

county wheat proportion. This variance is caused mainly by
 

two factors: sampling errors and classification errors.
 

In accuracy assessment, it is desirable to quantify the contribu­

tion of each of these error sources to the large area production
 

estimate. -The LACIE production estimate depends on acreage and
 

yield estimation errors in a complicated way; hence, it is
 

unrealistic to assume the error in,the production estimate can
 

be written as a sum of uncorrelated random variables representing
 

acreage and yield errors. Instead, the effect of'a particular
 

error source is measured by the reduction in the LACIE production
 

variance which would be achieved if that source were eliminated.
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It will be assumed (section A.3.1.5.2). that the ith county 

acreage error variance can be written a = 
2. 2 .2 +2G2 

2 is a contribution due to classification, and X2a2 is a con­c s 
tribution due to sampling. To determine the effect of no
 

classification error, the variance of the LACIE production
 

estimate will be calculated using pa2 instead of a. where p is
1
 
202
 

an estimate of the ratio 2 s2 Similarly, the effect of no
 
a + XaG
 c S 

sampling error is estimated by replacing a. 
2 

by (1 - p)O. 
2 

This 

procedure is described in detail in section A.3.3.5 of this
 

appendix. The following two sections describe the methods
 

employed for estimating sampling and classification variances
 

and the function p.
 

A.3.1.5.2 Acreage Regression Models
 

For counties with one sample segment, the LACIE estimate of the
 

ith county wheat proportion can be written
 

x= c + (xi ci ) + (xi - x.J 

= C. + Ei + Si (A-9)
 

where
 

K.1 = LACIE estimate of the wheat proportion in the sampled
 

segment
 

= true (current year) proportion of wheat in the county
Ci 


X. = true proportion of wheat in the sampled segment
 

si = sampling error = Xi - C. 

6. = classification error = Y. - X. 
1 1 1 

A-13
 



It will be assumed that for some reasonably large area (e.g., a
 

have the following properties:
zone) the errors ci and 6i 


Ci and 6i are uncorrelated
 

E (Csi) =0 

E(6ilXi) = x i + e 

v(s.) -- s2 
S2 

= 02v(6ixi) 

It is also assumed that there is a linear model relating the
 

current year county proportions, Ci , to the historical propor­

tions which will be denoted by Zi; i.e.,
 

(A-10)
= a + BZi + CiCi 

= 0, V ( ) = Cov(ci,6i) = 0, andwhere E(v i ) i 

a and S are regression coefficients.
 

From the above assumptions and definitions, three basic
 

regression models are obtained:
 

True segment proportion versus historical county propor­a. 


tion - from the definition of si,
 

x.1 = C.1 + E.1 

a + Zi + i + Ei (A-11) 

It follows that
 

(A-12)
E(Xi) = a + $Zi 

+ 2 (A-13)() =2 H s 
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b. 	LACIE segment proportion-versus ground truth segment 
pro­

portion - from the definition of 6.­
1 

(A-14)
x. = x. + 6. 

It follows that
 

(A-15)
(ilXi) + *X. + e 

(A-16)
v(xijxi) = a' 

Writing X = 1+ X*, one obtains 

(A-17)
E(Xij) = xx. + 6 

(A-18)
V(iIXi) 2 


C. 	LACIE segment proportion versus historical county 
pro­

portion - from equations (A-12) through (A-18),
 

E 	 (xxi + e) = X(c + BZi) + 8E(X) x-


v~x) x(v(x±Ix)) 	 = + + 2 

(A-20)
 

2- 2 

=As stated previously, one would like to estimate p 2 2
 

C + 	 X."S 

None of2 the three regression models 
permits an estimate of2
2 


i.e., one can only estimate 2 + aH, not
 aOs separatelyI from aHS2H; H 

2 alone. If current year county proportions C. were available, 1 s 

02 could be estimated, but since this 
is not the case,
 

H
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X2,a- + a2 ) 
2* 2 2 will be estimated instead-of p. " -If 

C s H
2'2
 

<< a (a reasonable assumption) then p* z p.
 

A.3.1.5.3 	Normality Assumptions - Maximum Likelihood Estimation
 
of p*
 

Suppose a given zone has,m blind site segments and n ordinary
 

(i.e., not blind site) segments, and let the blind site segments
 

be numbered 1 to m. It is assumed that ground truth wheat pro­
!.Im
 

portions IxI'm are available for the blind sites and LACIE

î im+n
 

estimates' X im are available for al1 the segments. It is
 
m+n 

algo'assumed that historical wheat proportions fZi iml are 

2 2available for the counties containing the segments. If a << a

H s
 

so that p'- p* the regression models'equations (A-I through
 

A-20)-can be used to obtain
 

E(X) =a±Z;v(x) = a2 i= 1,,0m 
22 

if T =xa +jh(X)(A2= 11...)m 
E ( X = X i + 0; V( X i Xi =F2 i 

^ 	 ^2 2 2
 
E(XiJ= a + XU + X.Zi; V(Xi) I as + ac i-=m+l,m+n
 

If there is one segment per county, then the.errors 6i and i
ix)i1 	 iml
 are independent for'different values of i, and hence the likeli­

hood function of the samplecan be written
 

M* 	 m~n
LT f(xi,xi) 7T h(i) 	 (A-21) 
i~l i=m+l
 

whereff(Xi,Xi) -is the- joint density-of Xi and X. for i 1,...,m
 

and h Xi) is the density of X for i = m+l,...,m+n.
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m lit
 

The function fl f(Xi'Xi) can be written H f(Xi'Xi) = 
i=l i=l 

i ftf(XljXi) g(Xi) where f(XiXi) is the conditional density
 

of Xi given xi and g(Xi ) is the density function of Xi. 

mm 
If normality is assumed, f i_ 1 

iI (XlX =IOC/ 

m 2 i--2 
-)211
exp (Xi Xi %1-z )
 

l- cC )afl Sx{.2
i=1
 

and
 
1 m1n ^
 m+n 


-1 h(Xi) = (X2 a2 + a2 )i/2 fl2 exp- 2(X2CF + a2 ) E ( - Xa 

~~iFm+1 

- '8 - ?1BZi)2} "
 

Letting Q = -2logL - log2fr,
 

2 2 2 2 Dm + n'+ Tn 
=m loga+mlog a + n log(a2 + X s) + - + 2 

C a + S 

(A-22)'
 

where
 

m 2
 
Dm = (xi- Xxi -6)
 

m 2
 
Tm = Z (xi - a - 8Zi) 

z2

T m+n 


Tn = m (Xi - Xa - 8 - XSZi)2
 

i=m+l
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One attempts to maximize L by finding a stationary point of Q:
 

m+n 

X --a Z.) Z 1 -cx e - xA 
I-a 1Q 1 m+1_ 

,= + 2o2 +X 2a =0 (A-23) 

S c s 

m+n
M E - iI Zi(X i a - Zi) XZi(x i - 6 - 1XZ) 

2 + + 22 -o 
s c s 

(A-24)
 

m+n"
 
m Xxi ) -Aa- -Z i )
 

1 DQ 1 m+l
 
A 22T =2 + 02 + 2 = 0 (A-25) 

C c S 

m+n
 
m ^ na 'C (8.+ ^ t 

6) 2zi ) (Xi ­
- Ax - s-n + % - a -PZ 

Yx(x. i 
1 Q 1 + i=m+l 

2 2
c2 + 


2XOs2Tn
 
2
+ 2 + n 0 (A-26) 

(ac2 X2)2
 

0Q m na-- = e + 2 + 2 Dm Tn Cc A as a c (1s a + C2Y (A-27)(-7 

Q m+ nA2 Tm n X 2 0 
-+ 4 '2a2 + X2C2)2 (A-28) 

Equations (A-23) through (A-29) must be solved for-the parameters
 
2 2 .2 A 2a, B, ,,, ,and a.s If a, ,, X, a , and a s represent the 

solution to equations (A-23) and (A-29), then the invariance 

A-18 



theorem for maximum likelihood estimation can.be used to
 

obtain'
 

()2^2
 

CF 
 S 
c X s 

as the maximum likelihood estimate of p.
 

The equations (A-23) through (A-29) are nonlinear but can be
 

solved using numerical techniques. Newton's Method was used to
 
(kt)


solve the equations for this report; i.e., if u is an estimate
 
A2 A2
 

of the solution vector u= (a, , X, (, a2) at the kth step, 

then 

u (k+l) = u (k) - F-T(u (k) (A-30) 

where f(u(k)) = (f ,...,f6)T is the vector of the left sides of 

equations (A-23)through(A-29) evaluated at u and F = (Fij)
 

U.
3
 

In practice, it was slightly more simple to use the parameter
 

transformations
 

2
a 

rs (A-31)
 

X + c
 

X2 C 2
and s = + a2 (A-32)
 

s c
 

and solve for a, 0, 0, X, r, and s. Again, the invariance
 

theorem can be used to give
 

pA r
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4
A.3.1. 5 . Accuracy of ­

is an extremely complicated function of the data, 
it is
 

Since 

for finite sample
impossible to write down the variance of 


can be
 
sizes m and n. However, the.asymptotic variance of 


estimated using the information matrix; i.e., if
 

V. = E2 ogL 

and g(u) g '3,1,X,0s .is a differentiable function of the
 
paramneter vector u, then the variance of g(u) is asymptotic to
 

[g' (u) ]T v 1 g,(u) 

(A-33)

'(u) tg .,u.


,where 


X2o2
 

Thus, in our case, g(u) 
2 2 2­

, s + (ac 

X2a'2 + 22(X202 c
2)2a 2X C +2XoC'(u) 0,0,0, 

(AL34)
c

(2, +l X2as) 2 

To estimate V, the observations {Xi, {yi} , and {Zi I and the 
"^ A ^4 a2 and 

were substituted intoestimated parameters lct, ',and 


.
themarixH (ij) -u u. . Then equation (A-33) was usedthe matrix H = (h 
1 3, 

to obtain an approximate variance for p.
 

A.3.2. YIELD
 

This section contains a description of the methods used to pre­

dict yields (section A.3.2.1) and to estimate yield prediction
 

error (section A.3.2.2). In Phase II no estimate of yield bias
 

was made.
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A.3.2.1 Yield Prediction
 

Most of the yield predictions made in LACIE are provided by the
 
Center for Climatic and Environmental Assessment (CCEA) of NOAA.
 
They are produced from multiple linear regression yield models*
 
developed on historical weather and yield data. Usually these
 
models cover a state but in some cases they cover part of a state
 
or part of two states and in ,some cases they overlap.
 

In a given state there is either one yield stratum or two. In
 
the first case the state yield prediction is that given by the
 
CCEA model. In the second case the state yield prediction is
 
given by:
 

Y = P/A (A-35)
 

where P is the production estimate (section A.3.3.1) and A is the
 
acreage estimate (section A.3.1.2) for the state. The yield pre­
diction at the region or country level is also obtained from
 
equation -(A-35), with P and A in that case being the production
 
and acreage estimates at the corresponding level.
 

A.3.2.2 Estimation of the Yield Prediction Error
 

CCEA provides estimates of the yield prediction error at.the
 
stratum level. In the CAS Requirements Document it is shown that
 
at-the state, region, or country levels the estimate of the
 

squared yield prediction error for a given area (state, region,
 
or country) is
 

- 2 v 2 Z___
U =2 -+- _ 2 'Aj(A-36) 

*Wheat Yield Models for the United States (LACIE 00431), National
 
Aeronautics and Space Administration, Johnson Space Center,
 
Houston, Texas, June 1975.
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V 

where
 

S2 = estimated squared prediction error of the production esti­

mate P for the area
 

V2 = estimated variance of the acreage estimate.A for the area
 

y. = yield estimate for the ith pseudo zone in the area
 

= estimated variance of the acreage estimate for the ith
 

pseudo zone in the area,
 

In the case where there is~only-one yield stratum for a state,
 

the yield prediction error for ,the.state is given-.directly by
 

the CCEA model.
 

A.3.3 PRODUCTION
 

This section contains descriptions of the methods used to do the
 

following:
 

a. Estimate wheat production (section A.3.3.1), 

b. Estimate the variance in the wheat production estimate 

(section A.3.3.2). 

c. Estimate the bias in the wheat production estimate (sec­

tion A.3.3.3.) 

d. Evaluate whether LACIE is satisfying the 90/90 criterion 

(section A.3.3.4). 

e. Determine the effect of errors in acreage, yield, sampling, 

and classification on the production variance (section 

A.3.3.5). 

A.3.3.1 Production Estimation
 

At the CRD level.the production estimate is obtained by multi­

plying-the area estimate and the yield prediction for the CRD. 

The area,estimate is made for- the -CRD itself but the yield,pre­

(section A.3.2.1).diction is made for a group of CRD's in a state 
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The production estimates for the state and higher levels are
 

obtained by simply adding the estimates for all the CRD's in
 

the area.
 

A.3.3.2 Production Variance Estimation
 

Since the production estimate is the product of an acreage esti­

mate and a yield prediction, the measure of variability in the
 

estimate should properly be called the production prediction
 

error. However, in this report, this quantity will be called the
 

production variance.
 

Since the yield predictions are made for a group of CRD's it is
 

not possible to obtain independent production variance estimates
 

at the CRD level. Hence, the estimates of production variance are
 

made only at the state and higher levels.
 

To estimate the production variance for a state it is assumed
 

that the yield strata do not cross a CRD. This seems a reason­

able assumption and is expected to hold in almost all cases.
 

Another assumption is that the yield strata are nonoverlapping.
 

However, this does not hold for the North Dakota and Minnesota
 

yield strata since CRD's 30 and 60 in North Dakota are a part of
 

both yield strata. Similarly, there is an overlap in Nebraska
 

and South Dakota where CRD 10 of Nebraska is common to both yield
 

strata, and in Oklahoma and Texas where CRD 10 of Oklahoma is
 

common to both Oklahoma yield stratum and the Texas Panhandle
 

yield stratum. In Phase II, any such overlapping is ignored and
 

production variance estimates are considered approximate.
 

Regarding the number of yield strata in a state, in Phase II only
 

two cases occurred in the USGP, namely (1) a single yield model in
 

a state, and (2) two yield models in a state.
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Single Yield Model in a State
 

In the CAS Requirements Document-it is shown, that when there is
 

only one yield model in a state,. an estimate of the production
 

variance is given by 

2 2 2 2 2 2U2 (A-37) 

S =VY ± UA. -VU (13 

.where
 

P = state production estimate
 

Y = yield prediction for the state from the state yield model
 

U2 
= the estimated squared yield prediction error for the state 

A =.the state acreage estimate obtained by summing the acreage 

estimates for the CRD's in the state 

-V = the estimated ,state acreage variance 

Two Yield Models in a State*
 

When there are two yield models in a state, the state is divided
 

into two pseudo zones corresponding to the intersections of the
 

two yield strata with the acreage strata in the state. Let G
 

and G2 denote the pseudo zones associated with yield strata 1
 

and 2 having-yield estimates Y1 and Y2 respectively. The acre­

age estimates A 'and A' fpr G1 and G2 are given by
 
-l2 1 2 

At 5ZAj , t = 1,2 (A-38) 

where A is the acreage estimate for the jth CRD in the state.
 

*This discussion is Only for the nonoverlapping yield strata and
 
does not address the problem of a mixed wheat zone.
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It is shown in the CAS Requirements Document that an estimate of
 

the production variance is given by
 

S2 = E ( t UAt - t t 

t= 1 
+ 	 2Y 1 Y2 Z Z 'jk 

jcG 1 keG 2 (A-39) 

where t22	 is the estimated squared prediction error of Yt' 'jk is
 
the estimated covariance between A. and Ak and V t
 

mated variance of the acreage estimate At given by
 

2 v~2 Z K lj (A-40) 
JEGt jEGt keGt 

Here V.] is the acreage variance estimate for the jth CRD. For
 

more details on these calculations see the CAS Requirements
 

Document.
 

The production variance for a region or country is estimated by
 
adding the estimated production variances for the states in the
 

region or country. This, however, ignores the covariances between
 

the state production estimates caused by some yield strata cross­
ing the state boundaries, as mentioned earlier. This problem is
 

being corrected during LACIE Phase III.
 

The procedure for estimating the production variance in a mixed
 

wheat area is the same for spring wheat, winter wheat, and total
 

wheat. However, in the case of total wheat, the yield prediction
 
and yield prediction error required for this are obtained by com­

bining the corresponding quantities for spring and winter wheat
 

with relative weights based on the previous year's SRS spring and
 

winter wheat acreages.
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A.3.3.3 Production Bias Estimation
 

The producti6n bias at the state level is- given by
 

BP. 	=E(P - P)
 
1
 

P. i 

=E(Pi) - Pi (A-41) 

E(AiY.) - A.Y. 
li i
 

where Ai , Yi. and Pi are respectively the true values of the
 

acreage, yield, and production for the Nth state in question,
 

and A., Y., and Pi are the corresponding estimates for these
 

quantities. Assuming A. and Y. are independent, one obtains
 

Bp - E( i)E() -iA .	 (A-42)
 

If one further assumes that Yi is unbiased, then E(9 i) = Yi. and 

pp.= Yi[E(A) - A.] (A-43) 

BiA. 

where.BA. is the acreage bias for the ith state. The quantities
 
1 - -

Yi and BA. ate unknown, but an estimate-, Bp 1 
for Bp.

1 
can be 

1 


obtained by using the estimates for Y. and B described in
 
A.
 

sections A.3.2.1 and'A.3.1.4, respectively. Thus,.
 

BP YBA (A-44)
 

The variance of BP. is given by ­

1 	 2 

Var(BPi) = Va(BAi) + B2 Var(Yi) + VatBA Var(Y 

and estimated by 

9rVar( .+ Var(Yi - ar(Bk.). Var(Y i) 
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For the nine-state level, the production bias estimate Bp is
 
AA A A A
 

simply given by Bp = = ZYiBA and the estimate of its variance1 31 

is zvar(BP. The relative bias of the productionestimate R(Bp) 

is estimated by expressing the production bias as a percentage of 

the LACIE production estimate, i.e., by 

ZY B 
R(B p) = X 100 (A-45)

ZA.Y. 

A.3.3.4 Evaluating the 90/90 Criterion
 

Let P be the LACIE estimate of wheat production for the region or
 

country, and let P be the true wheat production of the same region
 

or country. The accuracy goal of the LACIE is-a 90/90 at-harvest
 

criterion for wheat production, which is given by the following
 

probability statement.
 

Pr [IP - P< 0.<P] > 0.90 (A-46) 

This states that the accuracy goal is for the LACIE estimate of
 

wheat production to be within 10 percent of the true wheat pro­

duction with a probability of at least 0.9.
 

It is assumed that the LACIE estimate, P, is normally distributed
 
0
with mean P + B and variance a2 where
 
P
 

B = E(P) - P 

Under this assumption, equation (A-46) may be written as
 

0.1 - 0.9 B 0.1 - B.i-

Pr . P+B < Z < 0 
CVP) CV(P) 09 

(A-47) 

where Z = P - (P+B) follows the standard normal distribution, 
up
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N-(0,1), and CV(P) is the coefficient of variation of P defined
 

by
 
A or 

CV(P) - - (A-48) 
E (P) 

BThe term 	P-B is called the relative bias of P and is given by
 

E(P) -P B 

E(P) P±B 

It follows that the accuracy goal of LACIE is attained if
 

LiB 1B 
 01
.+B - fD -0.J1 - ..9 P+B] > 0.90 (A-49)
S cv (P) 	 cv -,CV 

where 0 represents the cumulative standard normal distribution.
 
Figure A-i is a plot of the relative bias versus the coefficient
 
of variation to the LACIE wheat production estimate necessary to
 

satisfy equation (A-49), replacing the inequality sign with an
 

equal sign.
 

Inference as to whether the LACIE accuracy goal has been met is
 
Bmade by estimating and CV(P) and then ascertaining whether
 

equation 	(A-48) has been satisfied. Although the LACIE accuracy
 

goal applies to the at-harvest estimate of wheat production, dis­
cussion of-the 90/90 criterion is made in each interim report as
 
applied to the region for which the LACIE estimates of wheat pro­

duction are available.
 

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

Classification on the Production Variance
 

The production variance consists of two major error components:
 
acreage and yield. 
The acreage error may be further subdivided
 
into sampling and classification errors. The effect of a partic­
ular error is determined by the reduction in the production vari­
ance estimate when the error is omitted from the calculation of
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Figure A-I.- Diagram showing values of relative bias [RB(P)] and coefficient of
 
variation [CV(P)] for which the 90/90 criterion is satisfied.
 



that estimate. These determinations are carried out at the state
 

and higher levels'.
 

At the state level there are two cases to consider: (1) one yield
 

model in-the state, and 12) two yield models in £he state. When
 

there is one yield model in a'state the production variance with
 

all the error components -included is given by equation (A-37).
 

In order to determine the variance without a.given error term,
 

equation (A-37) must be re-derived with that term omitted. Let
 
S2 S, S2 and S2 be the state production variances without acre-

SA Sy S CI
 
age, yield, sampling, and classification errors respectively.
 

Using the above-mentioned procedure, one obtains the following
 

expressions for these quantities:
 

A u2(A2 _ V2) (A-50) 
SN (y2- uY(­

2 (A-51) 
= 2 ( v2(Y _u2) 

2
2 = V,') Y U2A 2 
S = P - + 2 (A-53) 

Here U, V, Y and A are as defined in section A.3.3.2 and is de­

fined by equation (A-29Y. It should be noted that the-expression
 

for the production variance without acreage error, equation (A-50),
 

is not the expression that would be obtained by simply setting the
 

acreage variance, V, equal to zero in equation (A-37). A similar
 

observation applies to equation (A-15).
 

When there a're two yield models. in a state the production variance
 

with all the error components included is given by equation (A-39).
 
2 2 2 2


In this case the estimates 	for'SA, Sy SS and SC are given by
 

2
 
2 2 A 2 V2) (A-54-) 

t=l t( - ( 
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2
 
2 	 (A-55)


= 2 Vt2(Yt- 2Y 	 'jk 

t=l 	 jsG1 keG2 

2 	 1]
 
2'[(A 21.2 2\ 2 21

S Ls.J L v/t -ott/ t tj 
t=l 

+ 	 2YiY 2 3 > 'jk (A-56) 
jeG1 keG 2 

2-
S = p Vt ( -t t U2A 

t=l
 

(A-57)
+ 2YY ZZ'P k2 jeG1 keG2
 

are as defined in section A.3.3.2 and p is
 Here Ut Vt , Yt and At 


defined by equation (A-29).
 

2 2 2
 
In order to calculate the quantities corresponding to SA, Sy, 

SS ,
 

andS2 at the regional and country levels, it is 
assumed that the
 

n SC
 
state production estimates are independent. The corresponding
 

quantities are then obtained by adding the estimates 
for the
 

states in the area.
 

In Phase II the necessary software was not available 
to perform
 

Therefore,

the calculations using equations (A-54) through (A-57). 


the results in this report were obtained using equations (A-50)
 

through (A-53).,
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APPENDIX B
 

PHASE II BLIND SITE DATA
 

The following tables give the Phase II blind site data. The head­

ings are read from top to bottom and the following quantities are
 

given:
 

State 	name
 

State 	code
 

CRD number
 

Segment number
 

Acquisition date
 

CAMS code
 

Biowindow
 

CAMS proportion estimate
 

Crop 	W = winter wheat
 

B = winter small grains
 

K =-small grains
 

Wheat 	classification accuracy
 

Non-wheat classification accuracy 

Small grains proportion (percent) - includes wheat 

Wheat proportion (percent)
 

Other small grains proportion (percent) - i.e., other than wheat
 

Abandoned wheat proportion (percent)
 

Abandoned other grains (percent)
 

1969 agricultural census percent wheat for the county containing
 

the segment code
 

AI code
 

Estimate of biostage (on the Robertson scale)
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TABLE B-I.- PHASE II BLIND SITE DATA
 

(a) Spring Wheat
 

B t 
s s I w SG w OSG W OG - AE S 
TN TC D cc 0C C HCA NCA MR H TMR HA TRA iGN C T 
AA AD C S AA AD W Ab 
 R ELC W LC AAP EP HAAP E8P HABP 9RSP 0 BAE 
TM TD R% EN CT M I MS 0 ASL HSC' LIC AC ELIC AC EAC 6(C1 AD IG 
EE EF DO 60 E SE N ST P 7hY 1FY- LNT T7 KLNT TNT RNNI 9csT IF OFT 

MINN 27 10 1513 1816 30 43.4 K 97.3 90.3 71.2 59.9 11.3 .2 00.0, 10.8 76 4.2' 
MINN 27 10 1513 1636 20 40.2 K 97.3 97.7 71.2 59.9 11.3 .2 00.0 10.8 62 2.4 
MINN 27 10 1i515 2356 30 40.2 K 100. 100. 66.9 50.0 16.9 00.0 00.0 9.4 65 7.0
 

MINN 27 40 1521 1446 20 1 55.4 K 97.6 98.2 53.3 41.8 11.4 00.0 00.0 07.3 67 2.5 
626 0 54.2 K 97.9 97.2 53.3 41.8 11.4-00.0 88.8 07. 67
MINN 27 40 j5j


Nt30 20 5 706 6 97.1 1.2 00.0 
M N4T 30 20 1531 536 1 1-97.1 98.7 6. 3 2,.7 
MONT 30 20 153 906 o0 24.0 K 98.1 98.7 16.2- 7 000 4.3 
MENT 30 30 1533 1706 36 1.6 K 20.0 17.7 2.3 00.0 * 20.0 3.4 

ONT81526 :2 K 95.2 97.4 38.717.1 21.5 1 857630 
 .7 K 96.3 98.5 17.1 21.5 :1 .2 8.5 76 .8MONT 3030 3030 15381538 1 7K3816 .McnT 30 
14.8 56 3.4
 

MCNT 30 30 1542 1526 30 1 18.3 K 98.9 99.3 24.4 20.3 4.1 .01 00.0 14.7 62 2.7
MONT 30 20 1541 1706 30 22-3 K 89.1 96.8 19.1 18.4 .7 00.0 00.0 


MONT 30 30 1542 1876 20 14.5 K 97.4 99.4 24.4 20.3 4.1 .01 00.0 14.7. 72 4.2 
MONT 30 90 1559 1506 36 3.7 K 12.1 7.7 4.4 00.0 00.0 5.5 67 2.5 

19.1NDAK 38 10 1603 1866 36 2 0.8 K 4.2 3.9 .2 00.0 00.0 62 4.0 
56 4.0NOAK 38 20 -1614 1836 20 34.3 K 93.3 93.1 42.8 27.0 15.8 00.0 00.0 19.0 

NDAK 38 20 1614 2016 30 17.8 K 94.9 98.8 42.8 27.0 15.8 00.0 00;0 19.0 56 4.8 
NOAK a38 1618 136 30 44.8 K 98. 97 9 6.540. : 88:' 88:8 19:R ; Z:4 
NDAK 38 6 8 6 34 56.3 K 98 94.3 63.5 40. 
NOAK 38 30 1622 1646 20 2 63.6 K 98.0 97.9 45.0 39.1 5.9 00.0 00.0 24.5 55; 3.3 
'NDAK 38 30 1622 2016 20 3 49.2 K 97.3 97.6 45.0 39.1 5.9 00.0 00.0 24.5 55-4.7 
NDAK 38 30 1624 1466 30 1 46.8 K 93.2 91.1 53.5 41.7 11.7 00.0 00.0 23.8 76 2.4 
NDAK 38 70 1633 1826 30 48.4 K 97.0 98.0 40.1 37.5 2.6 00.0 00.0 16.0 71 4.2 
NOKK 38 70 1633 2366 30 39.3 K 96.8 95.6 40.1 37.5 2.6 00.0 00.0 16.0 65 7.0 
NDAK 38 50 1637 1826 30 21.5 K 96.7 93.7 33.9 30.9 2.9 00.0 .3 15.6 75 4.2 
NDAK 38 60 1642 1636 30 2 39.7 K 99.0 98.2 57.6 39.2 18.4 00.0 00.0 16.8 62 2.5 
NDAK 38 60 1645 1646 30 70.8 K 99.1 97.3 66.5 48.3 18.2 00.0 00.0 18.1 68 3.4 
NOAK 38 60 1645 1456 20 43.4 K 97.4 97.6 66.5 48.3 18.2 00.0 00.0 18.1 59 2.3 

NOAK 38 70 1647 1496 36 0.0 K .3 00.0 .3 00.0 00.0 3.3 71 2.8 
NOAK 38 70 1647 2046 20 30 2 K 88.8 94.2 .3 00.0 .3300.0 00.0 3.3 75 5.2 
NDAK 38 0 1648 1496 20 137:1 K 95.7 98.0 30.7 27.9 2.8 '.4 00.0 11.0 68 2.8 
NDAK 38 70 1650 1496 32 2.7 K 28.1 21.5 6.6 00.0 00.0 24.4 58 2.5 
NDAK 38 70 1650 2206 36 12.8 K 28.1 21.5 6.6 00.0 00.0 24.4 57 7.0
 
NDAK 38 70 1650 2396 30 27.5 K 98.4 99.6 28.1 21.5 6.6 00.0 00.0 24.4 62 7.0
 
NOAK 38 70 1651 1496 36 1 1.5 K 27.9 20.9 7.0 00.0 00.0 9.3 72 2.7 
NOAK 38 80 1655 1496 36 2 14.0 K 27.9 23.7 4.3 00.0 00.0 10.6 70 2.7 
NOAK 38 80 1656 1846 36 2 1.4 K 7.4 5. 1 2.3 00.0 00.0 .9 67 4.3 
NDAK 38 90 1660 1476 20 1 30.2 K 96.1 92.8 34.6 26.6 8.0 00.0 00.0 1i.5 56 

NDAK 38 90 1661 1476 30 26.7 K 98.6 95.3 38.4 27.4 11.0 1.9 00.0 11.8 60 2.7 
NDAK 38 90 1661 1656 20 32.9 K 89.4 94.4 38.4 2,7.4 11.0 1.9 00.0 11.8 58 3.6 

NDAK 38 90 1662 1456 20 30.4 K 97.8 94.2 37.3 29.4 7.8 .8 .1 9.2 59 2.6 
NDAK 38 90 1662 1636 20 29.9 K 98.1 93.1 37.3 29.4 7.8 .8 .1 9.2 75 3.5 
SOAK 46 10 -1667 1496 36 .6 K 14.8 11.2 3.6 00.0 00.0 1.8 58 2.6 
SCAK 46 10 1667 2216 36 4 1.9 K 14.8 11.2 3.6 00.0 00.0 1.8 64 7.0 
SOAK 46 10 1668 1486 36 1.5 K 12.2 9.2 3.0 00.0 00.0 4.8 76 2.8
 
SCAK 46 20 1677 1456 20 48.0 K 97.0 95.5 29.4 24.3 5.1 .3 .9 15.6 76 2.4
 
SOAK 46 20 1677 1636 20 43.7 K 97.0 96.9 29.4 24.3 5.1 .3 .9 15.6 66 3.4
 
SDAK 46 30 1681 1456 20 32.4 K 97.9 92.2 31.2 16.8 14.3 1.8 4.7 5.4 67 2.6
 
SOAK 46 30 1681 1636 30 44.4 K 97.1 97;0 31.2 -168 14.3 1.8 4.7 5.4 67 2.5
 
SOAK 46 60 1690 1456 20 26.3 K 6.2 3.7 2.5 00.0 00.0 4.8 71' .8
 
SOAK 46 60 1690 1636 22 26.3 K 6.2 3.7 2.5 00.0 00.0 4.8 54 3.6 
EOF 
FIN
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E B-I.- Continued.m -j

ti voO" (b) Winter Wheat 

CB 
W SG W OSG W 06 AE


I C T
S $ H TMR HA TRA. IGN
C C HCA I-CA MR
TN TC 0 CC 0 0 SAE
 
AD W AE R ELC AAP EP HAAP EBP HABP 9RSP 


AA AO C S AA EIAC 61UC AD IGo
HSC LIC AC ELIC AAC
CT MD I MS 0 ASC
TM TO RN EN 
QE -SE N ST P TFY TFY LNT TT RLNT TNT RNNT 9CST IE 0E
 

EE EE 00 0O 

1 31.5 8 93.3 90.8 19.8 16.6 03.2 00.4 00.0 14.7 02
 COLO 8 60 1003 3155 24 

19.8 16.6 03.2 00.4 00.0 14.7 021 04.6 BCOLO 8 60 1003 0226 36 16.6 03.2 00.4 00.0 14.7 73 2.8
1 16.5 W 83.0 97.0 19.8
8 60 1003 0946 30
COO 14.7 33 3.4
 

COLO 8 60 1003 1306 30 221.3 W 97.1 99.2 19.8 16.6 03.2 
00.4 00.0 


50 2.0
 
K 00.. 00.0 00.0 00.0 


00.7 00.0 00.0 00.8 C6.8 50 2.8

1 0 .0 K 00.COLD 8 60 1004 0946 36 05.6 05.0 00.6 01.2 00.1 10.9 51 

COLIC 8 60 1008 0396 30 1 01.0 8 
05.6 05.0 00.6 01.2 00.1 10.9 S 

1008 0576 32 1 O.O 8 5COLO 8 60 6 36 4 0 .4B 05.6 05.0 00.6 0 7.0 
o 8 60 18 J0 306341
 

0 5 34 1 00. W 07.407.100.401.7
CrL0 860 07.4 07.1 00.4 02.7 02.2 06.3 41
 8 60 1011 0036 32 1 00.0 W
COL 6 32 0g00. 0 t.400.4 Silcotc 860 10l10 gf 32C 860 
07.4 07.1 00.4 02.7 02:2 06.3 73
 

COLO 8 60 1011 0766 32 1 00.0 W 
07.4 07.1 00.4 02.7 02.2 06.3 06
 COLO 8 60 1011 0946 32 1 00.7 W 07.4 07.1 00.4 02.7 02.2 0.3 453.6
 COLO 8 60 1011 148636 204.3 W 00.0 00.0 00.0 00.0 00.0 00.2 19
 COLO 8 90 1014 3145 40 1 00.0 W 00.0 00.0 00.0 00.0 00.0 00.2 73
100.0 W
COLO 8 90 1014 3505 40 00.0 00.0 00.0 00.0 00.0 00.2 73
 8 90 1014 0216 40 1 00.0 W
COLO 00.2 73
00.0 O0.O 00.0 00.0 00.0 


COLO 8 90 1014 0666 40 1 00.0 W 00.0 00.0 00.0 00.0 00.0 00.2 73
 1014 0766 40 1 00.0 W 02
CrO 8 90 1 29.1 W 98.6 97.9 32.8 32.8 00.0 00.0 00.0 
10.5 


COLO 8 60 1090 3155 34 32.8 00.0 00.0 00.0 10.5 19 2.0
32.8
1 29.1 W
COLD 8 60 1090 0946 32 
1 23.3 W 97.0 95.0 25.3 25.3 00.0 00.3 00.0 07.3 03
 

COLO 8 60 1092 0396 30 25.3 25.3 00.0 00.3 00.0 07.3 51 2.0
 1 23.3 W
Cr10 8 60 092 0576 32 00.3 00.3 00.0 00.0 00.0 00.4 06 2.0
 
COLD 8 90 1 0946 36 1 00.8 00.3 00-3 00.0 00.0 00.0 00.4 50 3.0
 COLO 8 90 1097 11-26 32 1 00.8 B 01.0 19
8 97.8 94.8 21.9 16.8 05. 01.2 00.1
COLD 8 20 1502 3165 30 1 21.6 


1502 0776 '20 1 24.3 8 97.2 97.5 21.9 16.8 05.1 01.2 00.1 01.0 32 Z.0
 
16.8 05.1 01.2 00.1 01.0 64 .7
 

52 0956 20 1 10.9 w 99.0 98.5 21.9 2.9
 
1136 30 1 25.6 W 98.3 98.0 21.9 16.8 05.1 01.2 00.1 01.0 32 
CrO 8 20 1502 p .0 32 5.4
16.8 05.1 01.2 00:
B 98898.1 21.9
8 20 1502 6856 38 4 1.1 .3W 93.8 96.9 39.4 39.4 00.0 00.0 0 1. 72
COLOCOLO 8 20 1504 0216 38 


1 42.0 W 39.4 39.4 00.0 00.0 00.0 11.6 72
 
39.4 39.4 00.0 00.0%.00.011.672
COLO 8 20 1504 0226 32 

1 42.0 W .,,39.4 9.4 00. 8%:8 1J\'6 32
 
COLO 8 20 1504 0576 32 


39 .4 o0.0
8 20 1504 0936 32 1 42.0 W 0 6 2
COLO 4 39.4 00.0 00. 
CrO 8 20 1504 094-6 32 1 .0 W 

1 24.0 8 96.3 93.8 21.3 19.5 01.7 00.0 00.0 19.1 73
J. 00:S 8%:8 1j43
COLD 8 20 1506 0216 30 21.3 19.59 01.7 00.0 00.0 19.1 73
 

COLD 8 20 1506 0396 32 1 24.0 8 00,0 :
o 

I% 184 ,0
7 


21.3 19.5 01.700.000.0 19.1 77 2.6
COLO 8 20 1506 0936 32 1 24.0 B 21.3 19.5 01.7 00.0 00.0 19.1 59 2.8
 
CrO 8 20 1506 1116 32 1 24.0 B 05.6 19
 

1507 3165 34 1 15.2 3 97. 594.2 08.3 082 00.1 00.1 
00.0 


COLO 8 20 08.3 08.2 00.1 00.1 00.0 05.6 19 2.0
 
COLD 8 20 1507 0766 32 1 15.2 8 

08.3 08.2 00.1 00.1 00.0 05.6 64 2.6
 
COLO 8 20 1507 0946 32 1 15.2 8 08.3 08.2 00.1 00.1 00.0 05.6 62 2.8
1 15.2 B
CO :820 1507 1136 32 


1507 1856 30 4 11.6 W 92.0 87008.3 08.2 00.1 00.1 00.0 05.647 4.6
 
COLD 8.20 18.5 18.4 00.0 01.1 00.0 05.0 41
 
COLO 8 90 1850 3145 30 1 08.5 B 92.7 94.9 

18.5 18.4 00.0 01.1 00.0 05.0 41
 
1850 3505 32 1 08.5 B
COLD 8 90 00.0 05.0 41
18.5 18.4 00.0 01.1 :( :° 8 :
1850 0216 32 08.5 B .488:8 81 30COLO 8 18.5 18.4 00.0 01.1 00.0 05.0
8_ 101 1 08.5 BCOLO 8 90 

9090 1850 0846 32j. 0 1.518481 1.:Z 8
NOL00 890 18 

KANS 20 10 1019 0196 30 1 32.0 W 92.5 95.4 34.3 34.2 00.2 

00.0 00.0 16.4 02
 
34.3 34.2 00.2 00.0 00.0 16.4 '02
 

KANS 20 10 1019 0376 32 1 3 .0 W 19.9 61 2.0
B 94.6 95.5 25.3 25.3 00.0 00.4 00.0 
KANS 20 10 1020 0566 30 1 24 
25.3 25.3 00.0 00.4 00.0 19.9 33
 

1020 0926 32 1 27.4 B
KANS 20 10 25.3 25.3 00.0 00.4 00.0 19.9 33 3.0
 KANS 20 10 1020 1016 32 1 27.4 B 
17.6 17.5 00.1 03.8 00.0 30.9 69
 

KANS 20 30 1035 00636 1 02.5 B 17.6 17.5 00.1 038 00.0 30.9 69
1 02.5 B
KANS 20 30 1035 0376 36 17.6 17.5 00*-i 03.8 00.0 30.9 69
 
-KANS 20 30 1035 0556 32 .i 2.5 8 17.6 17.5 00.1 03.8 00.0 30.9 73
1 2.5 B
KANS 20 30 1035 0736 32 
1 09.1 8 99.4 99.2 17.6 17.5 00.1 03.8 00.0 30.9 

73
 
KANS 20 30 1035 1096 30 

18.3 B 97.4 91.3 17.6 17.5 00.1 03.8 00.0 30.9 37 3
 
KANS 20 30 1035 1276 20 14.4 14.4 00.0 01.6 00.0 21.0 42
 
KANS 20 30 1041 0736 36 1 05.2 W 

14.4 14.4 00.0 01.6 00.0 21.0 32 3.0
 
KANS 20 30 1041 1006 32 1 10.9 B 30
99.1 98.9 14.4 14.4 00.0 01 .600.0 -21.0U2

1041 1096 1 0.9 9 4.4 4.4 00
KANS 20 30 1041 1276 3030 2 16.6 BB 96.
KANS 20 30 
 00 32.5 41
 
40 1154.3115 30 1 24.8 W 91.9 93.1 34.3 34.1 0
KANS 20 34.3 34.1 00.3 00.0 00.0 32.5 41
 KANS 20 40 11-54 0186 32 1 24.8 W 
 34.3 34.1 00.3 00.0 00.0 32.5 43 2.8


1 24.8 W
KANS 20 40 1154 0906 32 0 0 .. 00. 3.584 .0 
0 4 214 B 9.1 34.3 34.100.3 08
99.299.2 34
1406 4 335

P f82 4 1986 
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TABLE B-I.- Continued.
 

(b) Winter Wheat
 

CB 
SG W OSG W OG AE SS

TN 
S
TC 0 cc0 C CHCA NCA MR H TMR HA TRA IGN C TI W 


AA AC C S AA AD W AE R ELC WLC AAP EP HAAP EBP HABP 9RSP 0 SAE 
0 ASC HSC LIC AC ELIC AAC EIAC 6IUC AD IGS7M TD RN EN CT MO I MS 

FE EE DO GO OE SE N ST P TFY TFY LNT TT RLNT TNT RNNT '9CST IE OET 

12.0 11.6 00.4 00.0 00.0 04.9 5KANS 20 70 1159 0166 36 7 
KANS 20 70 1159 66 20 1 21:8 90.9 92.6 12.0 11.6 00.4 00.0 00.0 04.9 51 2.0 

51 2.9KANS 20 70 1159 0976 22 1 21.8 B 12.0 11.6 00.4 00.0 00.0 04.9 
1 12.0 00.4 00.0 00.0 04.9 51 7.0 

KAs 20 81163166 . ' 00.0 03.
KANS 20 70O21159 1966 30 8ASJ13.99 9 1B 93.899.5 94.699.2 0oo 11.6 6t 

80 20 09. 00. 0.0 
0 0 63 06 1 89.9 OM 1 o.; 00.0 0 0 9 1?KANS 09.2 00.0 03.9 50 3.6KANS 20 80 1163 1246 22 2 09.9 B 08.7 00.5 00.0 

97.9 09.2 08.7 00.5 00.0 00.0 03.9 33 7.0
KANS 20 80 1163 1966 38 4 19.8 B 97.6 

04.8 04.3 00.5 01.1 00.1 04.0 61KANS 20 80 1164 3445 36 1 01.5 8 

80 1164 0166 32 1 1. B 04.8 04.3 00.5 01.1 00.1 04.0 69KANS 20 
KANS 20 80 1164 1246 32 2 01.5 B 04.8 04.3 00D. 01.1 00.1 04.0 43 3.5 
KANS 20 80 1165 3445 36 1 01.0 B 07.2 06.5 00.7 00.0 00.0 03.6 61 

1.0 B 07.2 06.5 00.7 00.0 00.0 03.6 69KANS 20 80 1165 0166 32 1 
20 80 1165 0696 32 1 1.0 B 07.2 06.5 00.7 00.0 00.0 03.6 32 2.0KANS 03.6 32 2.6KANS 20 80 1165 0706 30 1 07,3 B 97.4 97.2 07.2 06.5 00.7 00.0 00.0 

95.0 97.0 07.2 06.5 00.7 00.0 00.0 03.6 32 3.1
KANS 20 80 1165 0876 30 1 17.9 8 
KANS 20 80 1165 1246 32 2 17.9 B 07.2 06.5 00.7 00.0 00.0 03.6 32 3.6 
KANS 20 80 1165 1956 38 4 15.7 B 98.2 98.5 07.2 06.5 00.7 00.0 00.0 03.6 32 6.0 
KANS 20 80 1166 0706 20 1 20.2 W 97.1 98.7 10.0 07.9 02.1 00.0 00.0 C4.1 73 
KANS 20 80 1166 1246 30 d 11.3 W 98.4 99.3 10.0 07.9 02.1 00.0 00.0 04.1 52 3.5 

3275 20 1 06.3 B 89.7 91.3 08.0 08.0 00.0 00.0 00.0 05.7 06KANS 20 80 1167 
KANS 20 80 1167 0166 22 1 6.3 B 08.0 08.0 00.0 00.0 00.0 06.7 41 
KANS 280 1167 06 30 05.7 B 96.7 99.4 08.0 08.0 00.0 00.0 00.0 06.7 33 2.0 
KANS 20 60 1169 0726 36 1 00.9 B 07.8 07.8 00.0 00.6 00.0 15.0 50 
KANS 20 60 1169 1896 36 4 03.5 B 07.8 07.8 00.0 00.6 00.0 15.0 47 7.0 
KANS 20 60 1171 3645 30 1 40.1 W 96.9 97.2 47.5 47.3 00.2 02.2 00.1 28.9 73
 
KANS 20 60 1171 1076 32 1 40.1 W 47.5 47.3 00.2 02.2 00.1 28.9 30 3.2 
KANS 20 60 1171 1256 32 2 40.1 W 47.5 47.3 00.2 02.2 00.1 28.9 30 3.5 
KANS 20 60 1172 3645 30 1 33.1 8 98.4 99.7 44.6 44.6 00.0 00.5 00.0 33.2 
KANS 20 60 1172 0186 32 33.15 98 44.6 44.6 00.0 00.5 00.0 33.2 7 
KANS 20 60 1172 0536 32 1 33.1 B 44.6 44.6 00.0 00.5 00.0 33.2 61 
KANS 20 60 1172 0546 32 1 33.1 B 44.6 44.6 00.0 00.5 00-0 33.2 51 
KANS 20 60 1172 0l26 32 1 33.1 44.6 44.6 00.0 00.5 00.0 33.2 5 .0 

33.2 51KANS 20 60 1172 26 32 33. 44.6 44.6 00.0 00.5 00.0 2.0 
51 3.0KANS 20 60 11,72 0906 32 1 33.1 B 44.6 44.6 00.0 00.5 00.0 33.2 

KANS 20 60 1172 1076 32 1 33.1 8 44.6 44.6 00.0 00.5 00.0 33.2 51 3.2 
KANS 20 60 1176 3645 30 1 27.2 B 97.2 95.8 62.4 61.6 00.8 04.4 00.1 42.4 73 
KANS 20 60 1176 0536 30 1 22.4 B 96.0 98.6 62.4 61.6 00.8 04.4 00.1 42.4 73 
KANS 20 60 1176 0536 34 1 35.6 B 96.2 96.2 62.4 61.6 00.8 04.4 00.7 42.4 33 
KANS 20 60 1176 0626 32 1 22.4 8 62.4 61.6 00.8 04.4 00.7 42.4 73
 
KANS 20 60 1176 0806 3 1 22.4 8 62.4 61.6 00.8 04.4 00.7 42.4 33 3.0 
KANS 20 90 1178 3265 3 1 12.7 W 96.4 94.0 15.5 4.7 00.8 00.3 00.0 03.2 51 
KANS 20 90 1178 3445 32 1 12.7 W 15.5-14.7 00.8 00.3 00.0 03.2 51 
KANS 20 90 1178 3455 32 1 12.7 W 15.5 14.7 00.8 00.-3 00.0 03.2 51 
KANS 20 90 1178 0876 3 1 15.6 8 98.6 98.0 4 00. 00.0 03.2 13. 
KANS 20 90 1178 1246 32 215.6 15. 4 00. 00.0 03.2 5 3.614.1 00.3 
KANS 20 90 1179 3645 30 1 13.5 8 94.1 96.3 16.3 16.0 00.3 00.5 00.0 06.3 13 

16.3 16.0 00.3 00.5 00.0 06.3 13
KANS 20 90 1179 0536 32 1 13.5 8 

KANS 20 90 1179 0706 32 1 13.5 8 16.3 16.0 00.3 00.5 00.0 06.3 33 
KANS 20 90 79 1076 30 1 20.4 B 84.9 93.8 16.3 16.0 00.3 00.5 00.0 06.3 33 3.4 

00.5 00.0 05.3 37 6.0
 
KANS 20 90 1181 3455 34 1 20.8 W 95.5 97.1 25.0 23.4 01.6 03.9 00.2 14.7 11
KANS 20 90 1179 1796 38 4 16.0 B 94.6 99.1 16.3 16.0 00.3 

1181 0536 32 1 20.8 W 25.0 23.4 01.6 03.9 00.2 14.7 08KANS 20 90 
0706 20 92.8 23.4 03.9 14.7 2.4KANS 20 90 1181 1 23.3 W 89.8 25.0 01.6 00.2 32 

KANS 20 90 1181 1966 38 4 33.4 8 100. 99.2 25.0 23.4 01.6 03.9 00.2 14.7 32 6.0 
KANS 20 90 1183 3275 30 1 35.3 B 96.9 %.6 14.4 12.9 01.5 00.0 00.0 11.0 72 
KANS 20 90 1183 3445 32 1 35.5 8 14.4 12.9 01.5 00.0 00.0 11.0 77 

1 35.3 8 01.5 00.0 00.0 11.0 77 
KANS 20 90 1183 0166 32 1 35.3 B 14.4 12.9 01.5 00.0 00.0 11.0 64KANS 20 90 1183 3455 32 14.4 12.9 


KANS 20 90 1183 0336 32 1 35.3 8 14.4 12.9 01.5 00.0 00.0 11.0 64
 
KANS 20 90 1183 0706 34 1 12.8 W 97.7 98.2 14.4 12.9 01.5 00.0 00.0 11.0 45 3.0 
KANS 20 90 1183 0876 32 1 35.3 B 14.4 12.9 01.5 00.0 00.0 11.0 21 3.1 
KANS 20 90 1183 1236 32 2 35.3 8 14.4 12.9 01.5 00.0 00.0 11.0 45 3.6 
KANS 20 90 1184 3455 30 1 16.8 W 97.6 97.7 21.8 21.2.00.5 00.0 00.0 09.4 77 

KANS 20 90 1184 0166 32 1 16.8 W 21.8 21.2 00.5 00.0 00.0 09.4 64 
KANS 20 90 1184 0706 30 1 24.5 B 88.8 95.6 21.8 21.2 00.5 00.0 00.0 09.4 33 
KANS 20 90 1184 1246 32 2 24.5 B 221.8 21.2 00.5 00;0 00.0 9.4 33 3.6 
KANS 20 10 1851 0196 30 1 17.9 W 94.2 98.5 22.1 21.9 00.1 00.0 00.0 17.4 73 
KANS 20 10 1851 0376 32 1 17.9 W 22,1 21.9 00.1 00.0 00.0 17.4 73 
KANS 20 10 1851 0556 32 1 17.9 W 22.1 21.9 00.1 00.0 00.0 17.4 73
 
KANS 20 10 1851 0736 32 7 9 22.1 21.9 00.1 00.0 00.0 17.4 73 
KANS 20 10 1851 0916 30 13 8W 99.,2 99.3 22.1 21.9 00.1 00.0 '0.0 17.4 77 2.7
 
KANS 20 10 85 1096 0 1 23.2 W 97.8 97.0 22.1 21.9 00.1 00.0 000 17.4 33 3.0 
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A,$ TABLE B-I.- Continued. 

(b) Winter Wheat
 

BC
 

00
w 05G W 

IWSG TMR HA TRA 1GN

CC o C C HCA NCA MR H 0 8METSN D0c WLC AAP EP HAAP EBP HABP 9RSP 
AA AD C S A A W AE R ELC AG EIAC 6UG D LOS 

T I Ms 0 ASC HSC LI AC ELI 
RNNT 9CST ]E GETTM TO RN EN MO TT RLNT TNT 


G E SE N ST P TFY TFY LNT
EE EE DO 

30 1 14.2 B 97.7 88.5 22.3 22.3 00.0 
00.0 00.0 '24.6 69 

KANS 20 20 1852 0016 22.3 22.3 00.0 00.0 00.0 24.6 32 2.0 
0736 32 1 14.2 B 2.7KANS 20 20 1852 

1 15.6 898.4 99.9 22.3 22.3 00.0 
00.0 00.0 24.6 32 

KANS 20 20 1852,0916 30 00.0 00.0 00.0 24.6 32 3.122.3 22.3 
4.6S
KANS 20 20 1852 1mb6 32 1 15.6 B 

.0 8o.0 8 0 J: " 

1 B 22.3 22.3 ~ g: o5 4 126.
97.4 98.9 23 ~ .096 981.5 g 98.6 99.4 *00.0 00.0 24.23
~Lt 

0 0386 1A5 98. 99. .3J. 0 *8 
26854 1 32.4 W 96.6 98.2 35.1 35.1 00.0 00.6 00.0 


KANS 20 200 1854 3495 30 35.1 35.1 00.0
 
KANS 2020 JO 1854 0026 3 2 

KANS 00.8 26.2 5135.1835.1000.6854 0566 32 1 32.4 W 19.5 05 
KANS 20 20 00.0 19.5 05 2.8KANS 20 20 

1855 0196 20 1 12.4 8 85.1 88.3 21.0 21.0 
00.0 00.1 00. 


1855 0916 30 109.7 W 97.3 97.8 21.0 21.0 00.0 00.1 
19.5 52 3.0KANS 20 20 21.0 21.0 00.0 00.1 00.0 

45 3.2
KANS 20 20 1855 1096 32 1 09.7 W 00.0 00.1 00.0 19.5 
22.0 8 99.5 99.8 21.0 21.0 

KANS 20 20 1855 1276 34 
B 97.2 97.5 29.4 29.4 00.0 01.2 00.0 20.2 51 

1 10.7
KA1NS 20 30 857 0016 30 29.4 29.4 00.0 01.2 00.0 20.2 51 
KANS 20 30 1857 0026 32 1 10.7 B 8%:0 H8" 9SN% i1; i8: ; : §%:8 81:8 


29.4 29.4 00.0 01.2 00.0 20.2 51
 
KANS 20 30 1857 0556 32 1 10.7 B 

29.4 0. 0 0028.20.2 5129.429.4 J940. 00.0 01.2 00.018:7
0736 3232 1 10.7 BKA NS 2020 3030 18571857 0566 .0KANS 2
29. 9.4 00.0 01. 


KANS 20 30 1857 0926 32 1 7 
29.4 29.4 00.0 01.2 00.0 20.2 51 3.2
 

1857 1096 30 1 14.4 8 98.3 97.8
KANS 20 30 24.8 24.8 00.0 01.2 00.0 21.9 51 
KANS 20 30 1860 2945 34 1 00.8 W 21.9 0
 

1 17.1 B 97.6 97.9 24.8 24.8 00.0 01.2 
00.0 


KANS 20 30 1860 0736 30 24.8 24.8 00.0 01.2 00.0 21.9 51 k6 
1 17.1 8
KANS 20 30 1860 0826 32 24.8 24.8 00.0 01.2 00.0 21.9 51 2.8
 

KANS 20 30 1860 0916 32 1 17.1 8 
24.8 24.8 00.0 01.2 00.0 21.9 51 3.1 

KANS 20 30 1860 1096 32 1 17.1 B o91A6

-90: I: ,
KANJ-D WI.92.9 96.6 t.8%:f -64 

61 5 4 

KANS 20 30 116 34.4 34.4 00.0 02.5 00.0 13.8 64
 

1 25.3 WKANS 20 30 1861 0206 22 34.4 34.4 00.0 02.5 00.0 13:8 64 KANS 20 30 1861 0566 22 I 25.3 W 3.806 73.4 34.4 00.2 02.502.5 00.000.0 13 
KANS 20 30) 3495 30..1 361.0 34.434.43.4 2 21865 WWKAN6 20 30 32 3 1.KANS 30 1865 0026 23.4 23.2 00.2 03.2 00.0 16.4 51
 
KANS 20 30 1865 395 36 1 1.0 W 

23.4 23.2 00.2 03.2 00.8 16.4 51
 
KANS 20 30 1865 0016 32 1 1.0 W 23.4 23.2 00.2 03.2 00. 6.4 51
 
KANS 20 30 1865 0026 32 1 1.0 W 

23.4 23.2 00.2 03.2 00.0 16.4 31
 
KANS 20 30 1865 0206 32 1 1.0 W 00.2 03.2 00.0 16.4 5123.4 23.2 
KANS 20 30 1865 0386 32 1 1.0 W 

23.4 23.2 00.2 03.2 00.0 16.4 51 
1.0 W
KANS 20 30 1865 0556 32 1 23.4 23.2 00.2 03.2 G0.0 16.4 51
 

KANS 20 30.1865 0566 32 1 1.4 w %6.423.4 23.2 00.2 03.2 00.0 16.4 51 2.0 
20 30 1865 0736 30 1 12.4 8 97.3 00.2 03.2 00.0 16.4 51KANS 1 B 23.4 23.2 16.4KANS 20 30 1865 0916 32 2. 4 23.4 23.2 00.2 03.2 00.0 51 

1 12.4 BKANS 20 30 1865 0926 32 J.21 3.2 00.2 03.2 00.0 16.9 
6KANS 20 50 1880 016 22 12 3.2 00.2 03.2 00.0 16.9 

10962 1 2 

KANS 20 50 1880 3115 24 21.5 21.5 00.0 00.2 00.0 19.9 64

KANS 20 30 1865 

1 21.2 W 90.7 95.4 21.5 21.5 00.0 00.2 00.0 19.9 64 

1 21.2 W 19.9 64
KANS 20 50 1880 0186 22 21.5 21.5 00.0 00.2 00.0
1 21.2 W
KANS 20 50 1880 0196 22 21.5 00.0 00.2 00.0 19.9 43 
1 24.0 W 94o295.021.5 3.019.9 50KANS 20 50 1880 0736 30 21.5 21.5 00.0 00.2 00.0 

KANS 20 50 1880 0916 32 1 24.0 W 
21.5 21.5 00.0 00.2 00.0 19.9 473.0 

KANS 20 501880 1006 32 1 240 W 21.5 21.5 00.1 02.2 00.0 1.9 453.0 
KANS 20 50 1880 1086 32 1 24.0 W 21.5 21.5 .0 00.2 00 .947 3 0 
KANS 20 50 1880 1096 32 1 24.0 W 21.5 00.0 00.2 00.0 19.9 326.099.6 21.518801986384 26.2 B 99.6 

46. 13:6KANS 20 50 46.846.8 46.7 00.1oo. 02.6 00.0 22.9 726464 
20 50 1882 311503j334 11 J9:4429.4 WW 99.4 98.8 6.8 4.00KANSKANS % rOll 03 02.6 00.0 22.9 6446.8 46.700 .1 

KANS 2050 820546 32 1 29.4 W 
KNS 20 501882 0816 20 139.5 W 96.4 

96.5 46.8 46.7 00.1 02.6 00.0 22 9588
 

22,9 32 2.6
 
1 44.8 B 96.3 98.8 46.8 46.7 00.1 02.6 

00.0 

KANS 20 50 1882 0906 30 6.0 
KANS 20 50 1882 1896 38 4 48.2 R 98.8 99.8 46.8 46.7 00.1 02.6 00.0 22.9 32 


1 23.9 W 98.3 98.5 37.2 37.0 00.1 00.0 00.0 
33.7 03 

3.2
50 1884 3645 30 
KANS 20 37.2 37.0 00.1 00.0 00.0 33.7 32 3.4KANS 20 

50 1884 1076 30 1 34.5 6 99.7 99.4 
37.2 37.0 00.1 00.0 00.0 33.7 32 


1884 1256 32 2 34.5 8 6.0KANS 20 50 2.5 B 97.5 99.4 37.2 37.0 00.1 00.0 00.0 33.7 32 
2.9
KANS 20 50 1884 1976 38 4 

1 25.4 B 99.2 99.4 29.3 2P.9 00.4 00.0 
00.0 28.9 32 


KANS 20 50 1886 0906 30 29.3 28.9 00.4 00.0 00.0 28.9 32 2.9 
1886 0916 32 1 25.4 00.0KANS 20 50 B 

29.3 28.9 00.4 00.0 28.9 32 3.1 
1886 1006 32 22.4 B8.32. 04 0,) 8:9

KANS 20 50 12 6 1 25.4 8 00:4 00:800Kt 0 0o886 1016 3 1 2 .4 B0 O 1886 

0.6 2.111 10.9 00.2 00.3 00. 


CANS 20 50 1887 0736 36 1 00.6 B 2.911.1 10.9 00.2 00.3 00.0 20.6 0R 

KANS 20 50 1887 0916 36 1 04.7 8 

98.7 11.1 10.9 00.2 00.3 00.0 20.6 45 7.0 
1986 4 17.5KANS 20 50 1887 38 B 98.4 
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TABLE B-I.- Continued.
 

(b) Winter Wheat
 

CB 
S S I w SG w OSG W OG AE S
 

C C HCA NCA MR H TMR HA TRA IGN C T

TN TC 0 Cc o 

AA AD C S AA AD W AE R ELC w LC AAP EP HAAP EBP HABP 9RSP 0 BAE
 

TM To RN EN CT MD 
 I MS 0 ASC HSC LIC AC ELIGC AAC EIAC -61UC AD IGS
 
EE rE 00 LIE SE N ST P TFY TFY LNT TI RLNT TNT RNNT 9CST IE OF
 

34.2 33.2 01.1 01.9 00.0 34.8 25KANS 20 60 1891 31-15 34 1 02.1 B 
33.2 01.1 01.9 00.0 34.8 69
KANS 0 60 1891 0186 20 1 17.0 8 98.3 95.1 34.2 


221 17.0 8 01900034869KANS 20 60 1891 0546 34.2 33.2 01. 
01.9 00.0 34.8 02KANS 20 60 1891 0726 30 1 28.7 B 99.2 93.9 34.2 33.2 01.1 

KANS 20 60 1891 0906 32 1 28.7 B 34.2 33.2 01.1 01.9 00.0 34.8 06 2.9 
34.2 33.2 01.1 01.9 00.0 34.8 52 3.2KAN 20 60 1891 1 T86 32 87 B 

NE 110 1560 3 65 24 9.2 B 98.7 99.4 40.6 40.6 00.0 01.0 00.0 10.7 02 
NEBR 31 10 1566 0226 30 1 26.9 W 94.3 97.0 27.8 27.7 00.0 00.0 00.0 19.7 51 
NEBR 31 10 1566 0766 32 1 26.9 W 27.8 27.7 00.0 00.0 00.0 19.7 51 
NEBR 31 10 1566 0946 32 1 26.9 DB 27.8 27.7 00.0 00.0 00.0 19.7 51 2.5 

2.0
00.5 00.. 00.2 00.0 00.0 03.7 05 

NEBR 31 50 1572 0556 32 1 00.3 8 03.4 02. 1 01.3 00.0 00.0 01.9 51 2.0NEBR 31 10 1567 0766 30 1 00.3 W 


02.1 01.3 00.0 00.0 01.9 51 2.0NEBR 31 50 1572 0566 36 1 00.3 8 03.4 
4 % a 93.6935008 00°00 8o:8 000AK 1 0 1 16~: 3 93. 03.8 00. 8: 0 - 64 2.7 

3.3
00.8 00.8 00.0 00.0 00.0 03.8 47 


NEBR 3160 1574 3115 30 1 15.9 W 98.2 98.7 08.208.200.0 05.600.004.2 02 1.0

NEBR 31 50 1573 1276 22 1 13.0 B 


BR3160154 3645 32 1 15.9 W 08.2 0S.2.0.O,n5.6 00-.0 (4.2 73 10 
SR 3160 1574 0186 32 5.9 W 08.2 082 00.0 05.6 00.0 04.2 73 .0 

08.2 08.2 00.0 05.6 00.0 04.2 73 1.0NEBR 31 60 1574 0546 32 1 15.9 W 
97.5 16.1 11.4 04.7 02.9 00.1 09.8 50 2.0NEBR 31 60 1576 3115 34 1 13.5 8 84.4 

B 3 g~ 86 1 4 11-'w:8.0 984o.0 0 1lWJt±% 1 6860 . 9 8 . \ : ' ': 8t'0 81: o o.1 . 9 0 2 
0.3 B 00.4 00.3 00*1 00.0 00.0 (2.9 02 

NEBR 31 70 1581 0566 30 1 17.3 W 89.1 96.7 13.9 13.9 00.0 00.0 00.0 07.5 64 0:NEBR 31 60 1577 1986 36 4 

5324 5 B:93.2 93.7 8.6lO3 1: O 001.0 7605 2.0R 1015 2 3 1 ,900 0 00 0 00 0 075S1%13,9 13 
17.3 01.4 00.0 00.0 10.0 50 2.0NEBR 31 70 1582 0566 30 1 17.5 B 98.0 96.7 18.6 
17.3 01.4 00.0 00.0 10.0 16 .9NEAR 31 70 1582 0926 32 1 17.5 8 18.615: 301 0004
154 5 30 1 15 W 98.3 98.0 1. 00.3 00.0 00.0 11.8 02 

15 4 O31216 32 1 5 8 149 003000000 8 
NEBR 31 70 1584 0936 32 1 12.5 W 15.2 14.9 00.3 00.0 00.0 11.8 50 2.5 
NEBR 31 70 1584 1116 32 1 12.5 W 15.2 14.9 00.3 00.0 00.0 11.8 50 2.9 

NEBR 31 70 1586 0396 30 1 23.6 B 95.0 98.2 23.3 23.3 00.0 00.0 00.0 26.8 43 
NEBR 31 70 1586 0566 32 1 23,6 B 23.3 23.3 00.0 00.0 00.0 26.8 43 

26.8 50 2.5NEBR 31 70 1586 0936 32 1 23,6 8 23.3 23.3 00.0 00.0 00.0 

NEBR 31 80 1588 3115 24 1 16.6 W 99.8 99.5 15.1 15.0 00.1 00.0 00.0 177 40 

NEAR 31 80 1588 0736 20 1 21.5 W 90.6 91.1 15.1 15.0 00.1 00.0 00.0 17.7 1 2.7 
NEBR 31 80 1588 0826 22 1 21.5 W 15.1 15.0 00.1 00.0 00.0 17.7 02 2.5 

00.0 00.0 13.7 73NEBR 31 80 1590 2945 34 1 3.2 w 08.5 07.9 00.6 
13.7 73 2.9
NEBR 31 80 1590 0916 30 1 19.9 W 97.2 97.7 08.5 07.9 00.6 00.0 00.0 

08. 0.9,50 00.0 00.0 13.7 34
NE BR 31 80 1590 16 32 119.9 
w 05. 0 5 00. 00.1 00.2 09.0 02N BR 0 1591 06 36 13.8 

05.7 05.5 00.2 00.1 00.2 09.0 48 3.4NEBR 31 80 1591 1086 32 1 3.8 W 
00.2 00.1 00.2 09.0 48 3.6NEBR 31 80 1591 1356 36 2 02.8 8 05.7 05.5 

4 03 05.7 05.5 00.2 00.1 00.2 (9.0 45 7.0NEBR 31 80 1591 1896 36 
4 04. 8 05.1 05.5 00.2 00.1 00.2 09.0 47 7.0NEBR 31 80 1591 1986 36 


16.7 16.7 00.0 04.6 00.0 14.0 73 1.0NEBR 31 90 1592 3115 34 1 03.4 W 

16.7 00.0 04.6 00.0 14.0 73 1.0 

90 1592 1986 36 4 06.7 B 1 7 00.0 04. 00.0 14.0 37 6.5NEBR 31 90 1592 0186 32 1 3.4 W 16.7 

NEaR 31 98.2 97.6 .0 01 00.0 15.8 02 2.0NEBR 31 90 1595 3115 30 1 21.0 w 

15.8 02 1.0
NESR 31 90 1595 3645 32 1 2 .0 w 29.1 29.1 00.0 01.1 00.0 

15.8 43 3.1
NEBR 31 90 1595 1076 32 1 21.0 w 29.1 29.1 00.0 01.1 00.0 


1 15.2 W 98.3 99.0 19.5 19.3 00,3 00.0 00.0 15.5 02 1.0
NEBR 31 90 1596 3115 30 

19.3 00.3 00.0 00.0 15.5 60 3.0NEBR 31 90 1596 1076 32 1 15.2 W 19.5 

OKLA 40 10 1046 3125 34 1 00.0 W 23.1 23.1 00.0 06.3 00.0 17.9 41 
02 2.0
OKLA 40 10 1046 0016 32 1 00.0 W 23.1 23.1 00.0 06.3 00.0 17.9 


00.0 06.3 00.0 17.9 09OKLA 40 10 1046 0376 32 1 00.0 W 23.1 23.1 
23.1 23.1 00.0 06.3 00.0 17.9 09
OKLA 40 10 1046 0556 32 1 00.0 W 

23.1 23. 1 00.0 06.3 00.0 17.9 16 2.0 

OKLA 40 10 1046 1096 36 2 03.0 W 23.1 23.1 00.0 06.3 00.0 17.9 47 3.2
 
OKLA 40 


OKLA 40 10 1046 0736 32 1 00.0 W 

10 1046 1276 20 3 14.5 W 97.8 97.7 23.1 23. 1 00.0 06.3 00.0 17.9 42 3.4
 
OKLA 40 10 1046 1546 28 4 14.6 23.1 23.1 00.0
W 99.4 79.0 06.3 00.0 17.9 42 
OKLA 40 10 1046 1906 38 4 12.4 898.7 99.9 23.1 23.1 00.0 06.3 00.0 17.9 32 6.0 
OKLA 40 10 1047 3125 34 1 00.0 w 04.5 04.5 00.0 04.6 00.1 17.9 41 

OKLA 40 10 1047 1096 36 2 01.8 W 04.5 04.5 00.0 04.6 00.1 17.9 40 3.2 
OKLA 40 10 1048 2955 34 102.8 B 14.0 13.7 00.3 00.0 00.8 06 25 
OKLA 40 10 1048 495 32 1 2.8 8 14.0 13.7 00.3 00.0 00. ON 73 
OKLA 40 10 1048 0026 32 1 2.8 B 14.0 13.7 00.3 00.0 00.0 06.3 73 

10 1048 0386 28 1 19.9 W 95.0 97.0 14.0 13.7 00.3 00.0 00.0 06.3 73OKLA 40 
OKLA 40 10 1048 0566 36 1 01.7 8 14.0 13.7 00.3 00.0 00.0 06.3 12 
OKLA 40 10 1048 0656 32 1 1.7 B 14.0 13.7 00.3 00.0 00.0 £6.3 25 2.3 
OKLA 40 10 1048 0926 36 1 04.8 B 14.0 13.7 00.3 00.0 00.0 06.3 19 2.9 
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TABLE B-i.- Continued.
 

(b) Winter Wheat
 

MR H TMR HA TRA IGN C I
D CCC0 C C HCA NCA 0 RAETN 18 EP HAAP ESP' HARSP 9R PAe R ELL WILC AAPAA AuC S AA AD W AAC EIAC 6-IUC AD 105

EN CT MD I MS 0 ASO H-SC Li C AC EL ICIM TOD RN LNT TT RINT TNT RNNT 9CS T IFEGET
OF SE N ST P TFl' TFYEE EE DO GO 

4.0 13.7 00.3 00.0 00.0 05.3 33 3.
2 84.0 B
KLA 40 10 1048 1016 32 


14.0 13.7 00.3 00.0 00.0 06.3 30 5.2
0.5 8
UKLA 40 10 1048 136 36 4 00.3 00.0 00.0-05.3 30 7.0
 

OKLA 40 10 048 1916 36 4 05.1 B 14.0 13.7 
06.5 06.5 00.0 08.8 00.0 17.2 61
 OKLA 40 10 1049 3495 30 1 02.6 B 

06.5 06.5 00.0 08.8 00.0 17.2 13
8
OKLA 40 10 1049 0016 36 1 03.8 

06.5 06.5 00.0 08.8 00.0 17.2 69
 10 1049 0206 32 1 3.8 B
OKLA 40 17.2 6906.5 06.5 00.0 08.8 00.0
1 3.8 B
OKLA 40 10 1049 0556 32 
 0 06000zO 7.j94010406 06.5 06.5 00.0 08.8 00.OL 049 0 6 1 8.8 8
OKLA 40 .0 


U W 06.KLA 40 0 I D9;6349 32 
 06.500.0 08.800070 .0W06,
OKL4O 0~632 0. 7.
149 9
06.; 06. 00.0 08.8

K A 400 0490 .0 W 1
06.5 06.5 00.0 08.8 030.3 BR LA 40 10 1049 1276 3 06.5 06.5 00.0 08.8 00.0 17.2 30 6.5
1906 36 4 03.3 B
OKLA 40 10 1049 05.7 05.7 00.0 01.5 00.0 09.8 51


1 02.0 B
OKLA 40 10 1219 3655 36 05.7 05.7 00.0 01.5 00.0 09.8
32 1 2.0 B
OLA 40 10 1219 0186 05.7 05.7 00.0 01.5 00.0 09. 4Q
 
OK A 40 10 1219 0546 32 1 2.0 B 


36 1 01.3 B 16.8 16.8 00.0 00.0 00.0 09.
 
OKLA 40 20 1221 3655 00.0 00.0 00.0 09.7 47
16.8 16.8
1 1.3 8
OKLA 40 20 1221 0186 32 


16.8 16.8 00.0 00.0 00.0 09.7 43
 
OKLA 40 20 1221 0546 32 1 1.3 B 


2 5.1 W 16.8 16.8 00.0 00.0 00.0 09.7 50 3.0 
OKLA 40 20 1221 0726 36 3.016.8 16.8 00.0 00.0 00.0 09.7 4
2 05.1 W
OKLA 40 20 1221 0996 32 16.8 00.0 00.0 00.0 09.7 5 5.2 
OKLA 40 20 1221 1536 36 4 01.3 W 16.8 

OKLA 40 20 1224 3285 34 1 30.0 W 98.6 97.6 44.7 44.7 00.0 00.0 00.0 14.5 09
 09 
1224 0186 32 1 30.0 W 44.7 44.7 00.0 00.0 00.0 14.5 

OKLA 40 20 14.5 0944.7 44.7 00.0 00.0 00.0 
OKLA 40 20 1224 0546 30 1 35.8 W 97.5 97.8 

B 98.4 95.9 44.7 44.7 00.0 00.0 00.0 14.5 32 2.9


1 35.4
OKLA 40 20 1224 0806 30 14.5 32 3.4
99.6 99.0 44.7 44.7 00.0 00.0 00.0
30 2 42.4 8OKLA 40 20 1224 1076 B 97.2 99.0 44.7 44.7 00.0 00.0 00.0 14.5 32 5.6
 
1224 1626 38 4 34.0
OKLA 40 20
8KK AR4 8 : 98.0 97.9 J8:4 1g: 88:1 81:j 88:8 4:; 7 

20.4 20.1 00.3 01.2 00.0 27.5 64
 OKLA 40 20 1226 0546 32 1 26.7 W 
 01-2 000 80 .;
i0.4 20.1 00.300.3 01.21226 0726 32 1 26.7 W 0:4 20.1OKLA 40 20 
 1 26.7 W1226 0806 32
OKLA 40 20 00.3 01.2 00.0 27.5 48 3.120.4 20.11 26.7 WOKLA 40 20 '226 0906 32 
20.4 20.1 00.3 01.2 00.0 27.5 48 3.8
 

OKLA 40 20 1226 1166 32 2 26.7 W 00.6 12.6 09
 
OKLA 40 30 1227 3285 30 1 38.2 B 98.6 99.2 49.5 49.5 00.0 02.2 


49.5 49.5 00.0 02.2 00.6 12.6 09
 40 30 1227 0536 32 1 38.2 B
OKLA 00.6 12.6 19 2.049.5 49.5 00.0 02.2
30 1227 0806 32 1 38.2 8 

OKLA 40 30 1227 1076 30 2 15.4 64
 
OKLA 40 39.3 B 97.7 98.7 49.5 49.5 00.0 02.2 00.6 12.6 

43 3.4
 

09.5 09.5 00.0 10.2 00.11 16.4 W 98.6 97.5OKLA 40 30 1230 3655 20 09.5 09.5 00.0 10.2 00.1 15.4 64
 
OKLA 40 3 1230 o86 22 1 16.4 W 0.1 .4 6409.5 09.5 00.0 10.20 46 22 1 16.4 WOKLA 40 1230 

09.5 09.5 00.0 10.2 00.1 15.4 33
 OKLA 40 30 1230 0726 22 1 16.4 W 16 2.009.5 09.5 00.0 10.2 00.1 15.4 
OKLA 40 30 1230 0816 22 1 16.4 W 

00.1 00.0 22.0 64 3655 20 1 31.4 W 98.4 89.7 70.7 70.6 00.0
OKLA 40 30 1231 
0186 30 1 49.4 W 94.4 88.3 70.7 70.6 00.0 00.1 00.0 22.0 64
 

OKLA 40 30 1231 
 70.7 70.6 00.0 00.1 00.0 22.0 64
 OKLA 40 30 1231 0546 32 1 49.4 W 
 3.j
70.7 70.6 00.0 00.1 00.0 2J.0 481 49.4 WOKLA 40 30 1231 0996 32 00.0 2 .0 47 5.1
4 40.7 W 86.3 76.7 70.7 70.6 00.0 00.1
OKLA 40 30 1231 1626 28 

35.9 00.2 01.5 00.2 28.9 03
1 29.7 W 97.9 98.8 36.1OKLA 40 30 1232 3655 30 00.2 01.5 00.2 28.9 0336.1 3'5.9
1232 0186 32 1 29.7 W
OKLA 40 30 
 36.1 35.9 00.2 01.5 00.2 28.9 03
 

OKLA 40 30 1232 0536 32 1 29.7 W 
36.1 35.9 00.2 01.5 00.2 28.9 56
32 1 29.7 W
OKLA 40 30 1232 0546 28.9 05 2.0
36.1 35.9 00.2 01.5 00.2 


OKLA 40 30 232 0726 2 1 29.7 W 
OKLA 40 30 1232 0816 32 1 29.7 B 36.1 35.9 00.2 01.5 00.2 28.9 05
 

5? 3.2
36.1 35.9 00.2 01.5 00.2 28.9 

OKLA 40 30 1232 1076 32 2 Z9.7 8 00.0 a5.3 0
15.2 w 98.2 98.8 46.4 46.2 00.2 01.1 
OKLA 40 30 1233 3655 30 


1 25. W 46.4 46.2 00.2 01.1 00.0 25.3 92 
OKLA 40 30 1233 0176 32 


1 5. W 98.3 98.7 46.4 46.2 00.2 01.1 00.0 25.3
 OKLA 40 30 1233 0536 30 
46.4 46.2 00.2 01.1 00.0 25.3 21 2.9
30.1 B 91.3 96.1OKLA 40 30 1233 0726 30 1 
46.4 46.2 00.2 01.1 00.0 25.3 21 2.9

1 30.1 B
OKLA 40 30 1233 0806 32 
46.4 46.2 00.2 01.1 00.0 25.3 48 3.5 

30 1233 1076 32 2 30.1 8OKLA 40 
 46.4 46.2 00.2 01.1 00.0 25.3 50 3.7
 
1166 32 2 30.1 B
OKLA 40 30 1233 00.1 09.4 00.0 35.1 89
 

1234 3655 20 1 09.8 W 77.3 90.8 37.9 37.%OKLA 40 40 09.4 00.0 35.1 9
.9 37. 00.1
OKLA 40 40 1234 0116 22 09.8 W 


00.1 09.4 00.0 35.1 10
37.9 37.8
OKLA 40 40 1234 0536 22 1 09.8 W 2.0
 
40 40 1234 0546 22 1 09.8 w 37.9 37.8 00.1 09.4 00.0 35.1 32 

OKLA 32 2.937.8 00.1 09.4 00.0 35.1 
1234 0806 20 1 23.9 B 93.5 96.4 37.9OKLA 40 40 30 5.037.9 37.8 00.1 09.4 00.0 35.1
38 4 23.6 B 96.2 95.7
OKLA 40 40 1234 1626 18.7 18.3 00.4 00.4 00.0 30.2 51 
OKLA 40 40 1237 3455 30 1 31.3 8 98.5 98.7 

18.7 18.3 00.4 00.4 00.0 30.2 51
1 31.3 B 

OKLtA 40 40 1237 0166 32 1 31.38g 18.7 18.3 00.4 00.4 O.0 38.2 51
OKLA 40 40 1237 3645 32 

OKLA 40 40 1237 0176 32 1 3.38 18.7 18.3 00.4 00.4 00.0 3 .2
 
32 1 .3 B 18.7 18.3 00.4 00.4 00.0 30.2 51 

OKLA 40 40 1237 0536 
18.7 18.3 00.4 00.4 00.0 30.2 51 2.0 

OKLA 40 40 1737 0706 32 
18.3 00.4 00.4 00.0 30.2 51 3.01 31:3 8 

DKLA 40 40 1237 0796 32 1 31.3 B 18.7 
18.3 00.4 00.4 00.0 30.2 51 3.0 

OKLA 40 40 1237 0806 32 1 31.3 8 18.7 
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TABLE B-1.- Continued.
 

(b) Winter Wheat
 

B 

$ IN SG w OSG W OG A

c 
E S 

TM8 HA TRA 1GN C Tf 

AA AD C S AA AD W AE R ELC WLC AAP EP HAAP EBP HABP 9RSP 0 8AE 
NTC D cc 0 c C. WCA NCA MR H 

MS 0 ASC HSC LIC AC ELIC AAC EIAC 61UC AD IGST7M TO RN EN CT MO I 
EE EE DO0 GO QE STE N ST P TFY TFY LNT TT RLNT TNT RNNT 9CST ITEOET 

OKLA 40 40 1238 0546 36 1 02.0 W 12.0 11.8 00.2 00.6 00.0 20.1 56 
12.0 11.8 00.2 00.6 00.0 20.1 25 1.6
 

OKLA 40 40 1238 1536 36 4 00.0 B 12.0 11.8 00.2 00.6 00.0 20.1 33 4.3
OK LA 40 40 1238 0806 32 F 2.0 W 

1 W 56.7 00.0 32.2 40OK LA 40 50 1244 3105 30 42.3 56.9 00.2 00.0 
144 0536 1 42.3 W 56.7 00.2 00.0 00.0 32.2 40
OKLA 40 10 32 56.9 


56.9 56.7 00 *2 000 000 32.2 10OKLA 40 50 244 076 32 1 42.3 W 
03.0 03.0 00.0 00.1 00:0 14.1 59
OKLA 40 50 1245 3275 40 1 00.0 W 

03.0 03.0 00.0 00.1 00.0 14.1 59OKLA 40 50 1245 3455 40 1 00.0 W 70
OKLA 40 50 1245 3645 30 1 02.5 W 03.0 03.0 00.0 00.1 00.0 14.1 


OKLA 40 50 1245 0176 32 1 02.5 W .03.0 03.0 00.0 00.1 00.0 14.1 75 
03.0 03.0 00.0 00.1 00.0 14.1 75
OKLA 40 50 1245 0536 32 1 02.5 W 

03.0 03.0 00.0 00.1 00.0 14.1 25OKLA 40 50 1245 0706 36 1 009 B 

OKLA 40 50 1245 0796 32 1 00:9 B 03.0 03.0 00.0 00.1 00.0 14.1 25 1.9
 
OKLA 40 50 1245 0806 32 1 00.9 B 03.0 03.0 00.0 00.1 00.0 14 *1 25 J.9 

47 .
OKLA 40 50 1245 1076 32 2 00.9 8 03.0 03.0 00.0 00.1 00.0 14.1 

OKLA 40 50 1246 3455 30 1 04.0 B 07.5 06.5 01.0 01.2 00.1 05.,1 04 
OKLA 40 50 1246 3645 32 1 04.0 B 07,5 06.5 01.0 01.2 00.1 051 41
 
OKLA IV 5 1,4 0536 32 1 04.0 B 0 7:5 06.5 01.0 01.2 00.1 06:1 51 
OKLA 40 50 1246 0796 32 1 04.0 B 07 5 06.5 01.0 01.2 00.1I 05.1 51 2.0 
OKLA 40 50 1246 0976 3? 1 04.0 B 07,5 06.5 01.0 01.2 00.1 (6.1 51 3.2 
OKLA 40 70 1251 3455 30 1 00.0 W 03.0 02.6 00.4 00.0 00.0 01.5 59
 
OKLA 40 70 1251 0166 30 1 01- W 03.*O 02.6 00.4 00.0 00.0 01.5 73 
OKLA 40 70 1251 0346 32 .4W 03.0 02.6 00.4 00.0 00.0 01.5 73
 
OK LA 40 70 1251 0706 36 1 02.6 B 03.0 02.6 00.4 00 0 00.0 01,5 77 
OKLA 40 70 1251 0876 36 1 03.1 B 03.0 02.6 00.4 00:0 00.0 01.5 02 3.1
ExA 48 11 1060 3495 30 120 7R997 992 16 2 : 00 905 500 0150 47 J:8 
TTXA 48 11 1060 0206 32 1 20,7 16,2 1, 00,9 05.5 00:0 150 47
 
TEXA 48 11 1060 0386 32 1 20.7 B 16.2 15.3 00.9 05.5 00.0 15.0 43 2.0
 

16.2 15.3 00.9 05.5 00.0 15.0 43 2.0
TEXA 48 11 1060 0566 32 1 20.7 B
TExA 48 11 1060 0656 32 1 0:7 8 6: 00. 905.5"00.0' 15.5" 93:9

TEXA 48 11 1000926 20 3 893.9 97.6 6 1 1 
TTXA 48 11 1060-1366 20 3 17.8 B 95.1 99.3 16.2 15.3 00.9 05.5 00.0 15.0 50 3.6
TExA 48 11 1076 3125 34 119.7 W97.6 97.8 30.6 30.6 00.0 03.7 00.0 06.9 41
7EXA 48 11 1076 0736 20 17.2 W96.6 77.9 06 30 600.003. 00.0 p.9 25 1.0
TEXA 4,8 11 1076 0916 20 13.6 895.7 94.0 10-o *.oo0.0 03.+ 00.0o . 19Z.
 
TE XA 48 11 1080 3315 30 L 08.3 W 93.4 98.6 09.2 09.2 00.0 00.0 00.0 05.0 40 
7EXA 48 11 1080 0736 36 1 03.5 8 09.2 09.2 00.0 00.0 00.0 05.0 25 2.0
TE xA 48 11 1080 091 32 103.5 5 09.Z 09.2 00.o' 0o.0 00.0 05. 83.0 
1EXA 48 11 1080 10632 03.5 U 9209.2 00.0 00.0 00.0 . 3.3.4
 
TT XA 48 11 1084 0206 30 1 10.4 W 99.3 99.2 16.1I 15.8 00.3 08.7 00.0 10.4 40 2.0 
TEXA 48 11 1084 0566 32 1 10.5 W 16.1 15.8 00.3 08.7 00.0 10.4 40 2.0
 
TEXA 48 11 1084 0746 32 W 16. 1: 00.3 08.7. 00.01847
 
TEXA 48 11 1084 0656 32 110;W .80. 870. 44
 
TE XA 48 11 1084 0916 32 1 10.4 W 16.1 15.8 00.3 08.7 00.0 10.4 40 3.2 
TEXA 48 1.1 1084 1016 32 2 10.4 W 16.1 15.8 00.3 08.7 00.0 10.4 40 3
 
TEXA 48 21 1085 3125 30 1 01.1 B 99.9 99.5 03*9 03,8a 00.0 00.5 00.0 00,4 41
 
TEXA 48 21 1085 3655 32 1 01.1 B 03.9 03.8 00.0 00.5 00.0 00.4 41
 
TE XA 48 21 1085 0016 32 1 01.1 B 03.9 03,.8 00.0 00.5 00.0 00.4 41 
TEXA 48 21 1085 0186 32 1 05.6 B 03.9 03.8 00.0 00.5 00.0 00.4 04
 
TE XA 48 21 1085 0186 34 1 05.6 B 03.9 03.8 00 10 00.5 00.0 00.4 14 1.0 
TEXA 48 2,1 1085 0546 32 1 1.1 B 03.9 03.8 00.0 00.5 00.0 00.4 41 2.0 
TE XA 48 21 1085 0726 32 1 05.6 B 03.9 0k. 8 00.0 00.5 00.0 00.4 14 
TEXA 48 21 1085 0816 32 1 5.6 B 03.9 0V.8 00.0 00.5 00.0 00.4 51 2.0
%8 o %B8 : 8 88g 88:% fi:8 0%..4 '
 
TEXA 48 12 1087 3485 20 1 8.9 W 91.8 96.8 10.0 10. 0 00.0 00.9 00.0 04.1I 40
 
TEXA 48 12 1087 0016'22 1 8.9 W 10.0 10.0 00.0 00.9 00.0 04.1 40
 
TEXA 48 12 1087 0916 22 1 8.9 W 10.0 10.0 00.0 00.9 00.0 04.1 40 1.0 
7EXA 48 12 1087 1536 36 4 0.2 W 10.0 10.0 00.0 00.9 00.0 04.1 37 5.0
 
TEXA 48 12 1087 16 6 36 4 0.0 W 10.0 10.0 00.0 00.9 00.0 04.1 37 5.8
 
TEXA 48 12 1087 1716 34 1 2.8 W 10,O 10.0 00.0 00.9 00.0 04.1 37 6.0 
TE XA 48 22 1259 3285 30 1 24:j B 99.2 98.8 50.4 49,5 00.9 01.7 00.0 09.9 30 
TEXA 48 22 1259 3295 32 1 24, B 0.4 49.5 00.9 01'.7 00.0 09.9 30
 
.TEXA 48 22 1259 3655 30 Y"35.4 B 98.6 98.7 4.4 49.,5 00,9 01.7 00.0 09. 9 43 
TEXA 48 22 1259 0176 32 1 35.4 B 50.4 49.5 00.9 01.7 00.0 09.9 47.94XA 4%jj jj8g5 32 135:4 R g8:4 49. g 00.9 o -00 

%X %4 2 35 4 49.00.9 0 .O. 43 
TEXA 48 22 1259 0726 32 1 35.4 8 50.4 49.5 00.9 01.7 00.0 09.9 50 3.0 
TEXA 48 22 1259 0896 32 1 35.4 B 50.4 49.5 00.9 01.7 00.0 09.9 50 3.0
TExA 48 22 1259 1076 302 36.9 B 50.4 495 00.9 01.7 00oo.94 .TEA 18 26 35510100.7 8 00.4 00.0 00.3 00.8 15.4 7
7E xA 48 l1260 016 2o1 0:7 B00.4 00.400.4 00.0 00.3 00. 5.47 
TEXA 48 21 1260 0546 32 1 0.7 B 00.4 00.4 00.0 00.3 00.0 15.4 73
 
TEXA 48 21 1260 0726 32 1 0.7 B 00.4 00.4 00.0 00.3 00.0 15.4 77
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TABLE 	B-1.- Continued.
.
 

<)q <'-(b) 	 Winter Wheat
 

I 	 SG W OSG W OG AE 
TMR HA TRA 1GN 

N DCC 0 C C HCA NCA MR H 

MS 0 ASC HSC LIC 'Ac ELIC AAC EIAC 61UC DEIGS
 
TM TO RN EN CT MD I 
 RLNT TNT RUNT 9CST EOET 
EE EE Do Go QE SE N ST P TFY T FY LNT TT 

87.7 17.2 16.7 00-6 00.4 00.8 18.3 73 
7E:XA 48 	 21 1261 3655 20 1 08.3 B 90.0 

17.2 16.7 00.6 00.4 00.8 18.3 73 TEXA 4*8 	21 1261 0186 22 1 8.3 B 

17.2 16.7 00.6 00.4 00.8 "]8.3 73
 TEXA 48 	21 1261 0'546 22 1 8.3 B 16.7 00.6 00.4 00.8 18.3 778.3 8 17.2TEXA 48 	 21 1261 0726 17.2 16.7 00.6 00.4 00.8 18,3 30 3.1 

TEXA 48 	 21 1261 0816 22 1 08.3 B 00.4 18.3 30 3.2
22 1 08.3 B 17.2 16.7 00.6 00.8

TEXA 48 	 21 1261 0996 

22 1 

4 94.6 97.3 20.5 6o;8.68- 088 .0 0 
ffi]B 61:9 	 1t.9 oL6. ON :o N. 48~ 19:4 919HR .6 W 0o. 6. 6 j 0 -. 

1 650(.
TXA 48, 22 1264 '546 321 1806 2 . 6 9 03. 0 40 
690. 031SOB.6 40TXA 4822 164 0163 86W2, 

2045 06.9 03.6 03.1 05.70666
TEXA 48 	22 1264 0765 32 1 106 W 20.5 16.9 03.6 03.1 05.0 08.6 4 
TEXA 48 	 22 1264 11655 32 18.6 W 03.9 02.7 05.6 64W 04.8 04.2 00.6TEXA 48 	 22 1265 316 36 1 03.6 00.6 03.9 02.7 06.6 641 03.6 W 04.8 04.2TEXA 48 	 22 1265 316 32 04.2 00.6 03.9 02.7 06.6 641 03.6 W 04.8TEXA 48 	 22 1265 0176 32 04.8 04.2 00.6 03.9 02 : 06.6 64

1265 0186 32 1 03.6 	 0.6 7o3.TEXA 48 	 22 03 .6. 30.8 04. 00. 03. 02 047EXA 48 	 221265 0356 321.. 04.8304.°"2 00.6 03.9 02.774 	 1265 632 103.6W 

2 00.6 03.9 02.75.f 48 .0439343123.TEXA 48 	 21 2635 

35.5 35.5 00.0 00.0 00:0 12306 32 14 4 9.5 98.WEA 48 	 2 1 266 139. 35.5 35.5 00-0 (00.0 00-0 15.2 47
1266 036 30 1 23.5 8
TEXA 48 	21 35.5 35.5 00.0 00.0 00.0 15.2 43

7EXA 48 	 21 1266 0356 32 123.5 B 403.35.5 35.5 00.0 00.0 00.0 15.2
TE XA 48 	 21 1266 0536 32 1 23.5 BTEx, 48 	 21 1266 05463032 B 35.535.500.000-000-015.2503'00.0 0005°.225 3.0
0765 32 223.523.5 8 35.5 35. 5: 00.0° 

TEXA 48 	 21 1267 6 2 96 0 7 0 5.00.0 00.0 00.0 5 50 1 . 
TEXA 48 21 1266 0896 30 1 33.2 B 98 9 9 . 6 3.5 35.7 00.0 00.0 00.0 5 4 2 7 3.6
 
% XA %% jb 126 7 16 
 2 7 92. 89 . 7:00.7 00.0 04.9 00.5 04*,6 253.
 

TEA 1 76 52 5 . 4 7 9 .6 200 7128 5 00.7o 0 04.7 C 46 1
 
TEXA 48 12 7 0 36 1 214 W 29. . 00.7 02 . 0 04. 6 51 .3 	 365 0096 .91 	 0 7 2 0 7TEXA 48 3012 700896 20 125.W9 
JExA 48 	30 f27,0 35 3024. W94. %. 29.6 28.5 01.1 00.7 02.3 04.7 49 
ExA 48 30 1270 036 32 	 962. 501.1 00.7 02.3 04.7 4 

1 G4.0 8 07.7 07.7 00.0 03.0 02-0 07.4 33
TEXA 48 30 1271 0896 36 

07.7 07.7 00.0 03-0 02.0 07.4 32 3.6
 
TEXA 48 30 1271 1076 36 2 04.9 B 
 : 04.4 	00.0 03.0 02:0 g3.4 326.8% 0171 1 636 4 5.5 06 0 .o. 03.0 02.0 43 .

41 1%71 
 07.7 06.2 01.6 00.0 00.0 C6.5 40
TEXA 48 	 40 1275 3455 36 1 00.4 B 00.0 00.0 06.5 40
TEXA 48 40 1275 0166 32 1 0.4"B 07.7 06.2 01.6 


TEXA 48 40 1275 0346 32 1 0.4 B 07-7 06.2 D1.6 00.0 00-0 05.5 40
 
07.7 06.2 01.6 00.0 00.0 06.5 30 4.0
TA480 	251246 32 3 00.4 B 


48 22 1325 3645 36 1 04.5 8 08.705305041090.26TEXA 	 03.5 04.1 04 9 04.2 641 04.5 B 08.7 05.3TEXAXA48 1325 0176 32 	 08 ;. j 03-g. 104.f.2 6448 2222 1325 0356 32 4.5 
04.9 04264
TUA 48 	22 1325 0536 32 1804.1 04.1 04 :9 04 ,2 30 3.1B 08.7 05.3 03.5TEXA 48 	 22 1325 0896 36 1 01.7 

08.7 05.3 03.5'04-1 04 9 04 2 30 3.6
2 01.7 B
TEXA 48 	22 1325 1076 32 03.2 03.0 00.2 02.7 03.4 (4.3 5
1 00.6 B
TEXA 48 	22 1326 3645 32 03:4 04:35
23Z6 3645 3J1 00.6 B 03.2 03.0 00.2 02.7

TEA4 	 02.7 03 440 35B 03.2 03.0 00.2 270: 43148 22 1326 0536 3 1 00.6 	 300.TEXA 	 0660.22 12 563 	 723.TEXA 48 0896 32 1 00.6 B 03.2 03.0 00.2 02-7 03 4 04 3
TEXA 48 	 22 1326 03.2 03.0 00.2 02.7 03.4 04.1 4j 3.622 1326 	 1096 32 2 00.6 B 

0166 30 1 13.2 8 99.2 98.4 06.6 05.3 01.3 02.0 00.9 01-TEXA 48 
TEXA 48 	 81 1333 01.2 02

81 1333 	 0346 32 1 13.2 B 06.6 05.3 01.3 02-0 00-9
TEXA 48 	 06.6 05.3 01.3 02.0 00.9 01 2 1.0:13. B:T ,4 	 81 1333 OF 6 32 05.3 013 02.0 00:9 0 1-- 12
TXA 48 	 81330632 1 B06.6 

03.3 01.1 02.2 03.2 01 1 01.9 02 
TEXA 48 	81 1334 0166 36 1 02.1 B 01:1 01.9 0203.3 01.1 02.2 03.2TEXA 48 	 81 1334 0346 32 1 2.1 B 01. 1 02.2 03-2 01:1 01-.9 02

13342 15 	6.1 B03.3 5.4 15.2 00.0 00 0 5 2 4.081 13402 2121B9.5 98.3 20.6TEXA 48 	 24 4 8.7 B9MONT 30 	 10 1725 IM7 3-5 2.2 1.3 00.0 00.0 4 4 62.6 
SOAK 46 01691 1116 36 1 1.0 B 

B 3.5 2.2 1.3 00.0 00:0 4.4 45 3.0
70 1691 	 ]126 36 1 2.8,S[AK 46 	 1j8:0 W. 94.1 97-8 J4: . :00:0' .86.4 5'-4.JKAK 4680 1694 h1609630 

5*5 .7 00.0 00.0 4.2 67 2.8 
SOAK 46 40 1682 1116 30 4.6 W 94.7 98.8 6.4 	 1 8 45 3.25.1 4.6 .4 00.0 00 0SK60 831316 36 2 4.0 B 3. 2214 .9003"3609 8 
SOAK 46 	 40 1685 0D926 36 1 2.8 1:4 009 00.0 3363:6 2 2
16 36
44018 IIDAT 1.3 w 


S 64 65 41.0 8 20.6 5:4 15 2 000 00 0 :5 40 70.MTO3 0 10 17 2 5 2 4 6 3 6 	 is 8 6 1 12 7 0 . 3 2 . 2 6.0MONT 30 20 1737 1386 36 2 6.7 W 8 3718:8 6:1 12 7 00:0 32.9 40 0

1737 2106 20 4 12.0 W 95,8.7886.127000.90
MONT 30 	20 4.7 00.0 00:0 9.1 51 3.0
 

MONT 30 	20 1739 1376 36 1.5 w 29 .4 24.7 


B-9
 

http:95,8.7886.127000.90
http:08.705305041090.26


TABLE B-I.- Concluded.
 

(b) Winter Wheat
 

C;B 


SG w OSG W OG AE S
 
S S I HA TRA IGN C T
 

C 0 C C HCA "CA-,R H TMRD 0 BAE
TN TC AE R ELC WLC t*AP EP bAAP EBP HABP 9RSP 
AA AC C S A AO W IGS
 

MD I MS ASC HSC LIC ' -AC ELIC AAC EIAC 61UC AD 
TM TD RN EN CT RNNT 9CST IE OET
ST P TF - TFY LNT "T-T-RLNT. TNT 
FE -FE Do GO OE SE N 


73 2.4:9.0-.0.000 0- 7.4 
MONT 30 50 1742 1066 20 15.5 B 94.4 96.9 34.1 -25.1 


1742 1376 30 1 14.7 W 99.498.2 5/34.1 2'5.,. 9.0 00°0,00.0- 7'.4 37 3.0
MONT 30 50 

W - .5 5 00.0 00.0 74.0630 3.0MONT 30. 50 1743 36 1 .4
.5 W -. 4 - .4 00.0 00;O 00.0 1.6 33 3.8 

MONT 30 80 1550 1536 34 2 
2 12.5 W 96.5 90.6 9.6 648-- 2.3 000 000 7.6 40 3.6 

MONT 30 30 1534 1506 30 
00.0 00.0 1.1 32 3.6
3.2 2.5 .8
MONT 30 30 1536 1706 36 2 1.8 K 00.0 00.0 1.1 32 60

1.4 K 3.2 2.5 .8
MONT 30 30 1536 2246 36 4 

B-10
 



APPENDIX C
 

PHASE I INTENSIVE TEST SITES
 



APPENDIX C
 

PHASE I INTENSIVE TEST SITES
 

ro accomplish the objectives of accuracy assessment, ground truth,
 

aircraft photographs, and Landsat multispectral scanner imagery
 

were gathered from 29 intensive test sites. A complete list of
 

these sites and their locations is given in table C-I. The
 

Landsat acquisitions obtained for each site are shown in
 

Because of factors such as atmospheric effects and
table C-2. 


data dropout, six of the sites did not have enough 
acquisitions
 

to satisfy the CAMS rework criteria (page 3-5 of this report).
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TABLE C'1.- LACIE PHASE I INTENSIVE TEST SITES
 

Segment 
number 

Center coordinates 
N. lat. W. iong. 

Site size, 
statute miles 

Wheat type 
(a) 

Acquired. 
as 

1960 
1961 

Kansas 
Kansas 

Finney 
Morton 

38004.21 
37016.01 

i1j 01.71 

101054.0 ' 
5x6 
5×6 

W 
W 

W 
W 

1962 Kansas Saline 38041.89 97028.41 3x3 W W 
1963 Kansas Rice 38017.0 ' 98012.71 3x3 W W 
1964 Kansas Ellis 38050.11 99013.01 33 W W 

1965 N. Dakota Burke 48053.2* 102010.01 5x6 S S 
1966 N. Dakota Williams 48019.2' 103024.7' 5x6 'S S 
1967 N. Dakota Divide 48053.61 103010.91 2x10 S S 

1968 
1969 

Montana 
Montana 

Glacier 
Toole 

48037.59 
48053.0 

112033.41 
111046.51 

2x10 
2×10 

S&W, 
S&W 

S 
S 

1970 Montana Liberty 48044.0 110051.0' 2×10 S&W S 
1971 Montana Hill 48042.01 109055.0 ' 2x6 S&W S 

1972 
1973 

Washington 
Washington 

Whitman 1 
Whitman 2 

46054.6 ' 
46050.4 ' 

117015.51 
L17048.3t 

3x3 
3x3 

S&W 
S&W 

W 
W 

1974 Washington Whitman 3 47008.01 117026.31 3x3 S&W W 

1975 
1976 

Idaho 
Idaho 

Oneida 'i--
Franklin 

42004.5 ' 

42008.01 
112029.5t 
111058.01 

3x3 
3x3 

S&W 
S&W 

W 
W 

1977 Idaho Bannock 42056.59 112025.51 3x3 S&W W 

1978 
1979 
1980 

Texas 
Texas 
Texas 

Randall 
Deaf Smith 
Oldham 

35009.5* 
34052.2 ' 

35015.0 ' 

102004.41 
102022.3* 
102032.0-

3x3 
3x3 
3x3 

W 
W 
W 

W 
W 
W 

1981 
1982 
1983 

Indiana 
Indiana 
Indiana 

Shelby 
Madison 
Boone 

39027.6 ' 

40013.5 ' 

40005.7 ' 

85047.21 
85037.51 
86033.5 ' 

3x3 
3x3 
3x3 

W 
W 
W 

W 
W 
W 

1984 
1985 

Sask. 
Sask. 

Delisle 
Swift Current 

51055* 
500191 

107028* 
107053 ' 

2x10 
2x10 

S 
S 

S 
S 

1687 S. Dakota Hand 1 44035.0 98058.0* 5x6 S&W S 
1986 S. Dakota Hand 2 44021.01 98045.11 5x6 S&W S 

1987 Minnesota West Polk 47*49.0 ' 96°41.01 5x6 S S 

a. = winter wheat; S = spring wheat; S&W e spring and winter wheat.
 



TABLE C-2.- INTENSIVE TEST SITE ACQUISITIONS LISTED BY
 

BIOPHASE ACCORDING TO DAY OF ACQUISITION, 1975
 

Biophase
 

Segment 1 2 3 4
 

1687 133 205
 

1960 291 150
 

1961 291 
 169
 

1962 324 131
 

1963 289 131
 
a1964 290
 

1965 155 191
 
a1966
 

1967 137 191 227
 

1968 143 180 216
 

1969 161 179 215 233
 

1970 142 179 2-33
 
a1 97 1 142
 

1972 268 218
 

1973 268 201 218
 

1974 268 182 218
 
b1975 159 
 178 195 213
 

1976 299 177 195 213
 

1977 299 196 214
 

1978 291 133
 

1979 291 133
 

1980 291 133
 

1981 105 176
 

1982 299 140
 

1983 281 141
 
a1 98 4  195
 
a1 98 5
 

1986 150 169 187
 
a1 98 7
 

aSegments for which the acquisitions do not satisfy the
 
CAMS rework criteria.
 

bsegments moved to coincide with ground truth and thus
 

reordered.
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APPENDIX D
 

This appendix presents the results of aggregatt ground-observed
 

wheat proportions for the i&nd gtes in the USGP (table D-l).
 

These aggregated area estimates contain ohlz'sampling and Group.III
 

errors but no classification errors. A statistical test (described
 

in section A.2) shows that at the 10-percent level there is a
 

significant difference between the blind site aggregated and the
 

December 1976 USDA/SRS area estimates only for the state of
 

Colorado. That is, if the LACIE area estimate had no classifica­

tion error, it would agree very well with the USDA/SRS estimate
 

for every state in the USGP except Colorado.
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TABLE D-1.- RESULTS OF AGGREGATING GROUND-OBSERVED WHEAT
 

PROPORTIONS FOR THE BLIND SITES IN THE USGP
 

State 


Winter wheat
 

Colorado 


Kansas 


Nebraska 


Oklahoma 


Texas 


USSGP 


Montana 


S. Dakota 


MW states 


USGP-7 


Spring wheat
 

Minnesota 


Montana 


N. Dakota 


S. Dakota 


USGP-4 


Total wheat
 

USNGP 


USGP-9 


Blind

sites 


13 


35 


18 


19 


18 


103 


11 


5 


16 


119 


5 


7 


13 


6 


31 


47 


150 


Blind- sites

aggregated 


wheat 


3 71-9 


12 163 


3 187 


5 294 


4 930 


29 293 


2 889 


1 536 


4 425 


33 718 


3 689 


2 056 


11 541 


2 677 


19 963 


24 388 


53 681 


Blind

site 

CV, %
 

24.4 


5.5 


15.2 


20.6 


21.4 


6.7 


73.8 


45.8 


50.7 


8.8 


17.1 


28.8 


14.2 


19.5 


9.6 


12.1 


6.7 


December 1976

SRS estimate
 

2 200
 

11 300
 

2 950
 

6 300
 

4 700
 

27 450
 

3 080
 

970
 

4 050
 

31 500
 

3 893
 

2 335
 

11 520
 

2 020
 

19 76,8
 

23 818
 

51 268
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