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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote
Sensing is a 6-year program of research, development, evaluation, and
application of aerospace remote sensing for agricultural resources, which
began in fiscal year 1980, This program is a cooperative effort of the
National Aeronautics and Space Administration, the U.S. Agency for
Intcnational Development, and the U.S. Departments of Agricul ture, Commerce
and the Interior.

The work which is the subject or this document was performed within the Earth -
Resources (Research/Applications) Division, Space and Life Sciences
Directorate, at the Lyndon B. Johnson Space Center, National Aeronautics and
Space Administration. Under Contract MAS 9-15800, personnel of Lockheed
Engineering and Management Services Company, Inc., performed the tasks which
contributed to the completion of this research.
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1. INTRODUCTION

This implementation plan provides for the development of sampling and estima-
tion technology supported by the Forei n Commodity Production Forecasting
(FCPF) project of the Agriculture and Resources Inventory Surveys Through
Aevospace Remote Sensing (AQRISTARS) program,

The purpose of this plan is to specify task ohjectives, descriptions, scope,
data and resources, software requirements, and schedules for the fiscal year
(FY) 1920-81 AgRISTARS-supported activities in the areas of multicrop sampling
frame develnpment, allocation, segment selection, aggregation, and variance
est mation which are needed to support botn the short term (FY19R0.81) and
long term objectives of the FUPF project of the AgRISTARS progqram. Those
tasks required to support the integration of the overall procedures into a
viable sampling and aggregation methodolougy are also included.

1.1 BACKGROUND

The FCPF project of the AgRISTARS program is designed to develop the capabil-
ity to process larae data sets in conjunction with objective information
systems for performing multicrop inventorying using remote sensing technology.
A rigorous development of a sampling and estimation technoloqy is a critical
component of the project.

In supporting the AGRISTARS/FCPF gotls, the general sampling and aggregation
approach is to continuously improve upon *the existing methodoloqy in order to
achieve an efficient sampling strategy and reliable crop area and production
forecasts.

Substantial effort went into developing an efficient sampling and aggregation
stirallegy for crop acreage and production estimation for a sinqle crop in the
Large Area Crop Inventory Experiment (LACIE)., The extension of the methodol-
ogy to two or more crops occurred duriny the period before AGRISTARS. The
tasks described in this sampling plan consist of the tasks to be :ddressed



primarily in FY1980-81 in support of the AQRISTARS objectives listed in
section 1.2, These tasks (1 through 25) are more fully descrihed
in appendix A,

1.2 OBJECTIVES, APPROACHES, AND SCOPE
1.2.1 OVERALL SAMPLING AND AGGREGATION OBJECTIVES AMD APPROACH IN AQRISTARS

For AgRISTARS, the overall objective of the sampling and aggregation proced-
ures development program is to advance the mujticrop sampling and aggregation
approach to a level ready for inclusion in a future operational commodity pro-
duction forecasting system. Specifically, it will support objective, timely,
and reliable crop production forecasts at selected periods during the arowing
season for a range of crops in various countries.

The general approach requires that each crop region be partitioned into rela-
tively homogenous subregions (called strata) within which samples of Landsat
data are selected and machine-processed to identify and measwre the areal
extent by crop type of the crops of interest.

Further candidate improveients and integrations to be investigated in
FY1980-81 for achieving a more efficient sampling and aggregation approach are
detailed in this plan.

1.2.2 SPECIFIC FY1980-81 OBJECTIVES AND APPRCACH

The specific objectives of the FY1980-81 tasks are to continue developments
and refinements of various multicrop sampling and aggrejation activities init-
jated during FY1978-79. Emphasis for the FY1980-81 tasks will be on further
refinements to the grouped optimal aggragation technique, improved approaches
for estimating within-stratum variance (with more reliance possibly upon
machine-derived segment-level proportion estimates as opposed to reliance on
poor ‘historical estimates and/or analyst estimates), more intensive investi-
gation of alternative sampling strategies such as a full-frame sampling
strategy, and further developments in regard to a simulated approach for
assessing the performance of the overall-designed sampling and aggregation
system,

1-2



Specific tasks to be addressed include:

b.

C.

d.

€,

Further investigation of the optimal sampling unit size with emphasis on
determining its relationship to the classification error variance [Primary
emphasis will be the integratfon of findings ohtained at the University of
California at Berkeley (UCB) with further in-house investigations to
arrive at a procedure 7or determining the appropriate sampling unit size.)

Additional developments and refinemenis to the grouped optimal aggregation
technique with emphasis on improving the grouping logic and the approach
to estimate the varfous input parameters such as the variance and
covariance matrices of the historical acreage

Improvements to a priori estimates of within-stratum variances and to pro-
cedures for development of sampling fraes (The utiiity of an automated
procedure will be investigated for providing improvements in each of these
areas. The capahility to create crop proportion estimates at the sampli.ig
unit level wili be investigated. This capability needs to be rapid but
sufficiently accurate so as to improve upon the reljance of historical
data for use in the within-stratum variance estimation.)

Investigations of a full-frame sampling strategy and of a multiyear esti-
mation for improvements in multicrop fnventorying (This activity will
require interfacing with other support contractors who provide support to
integration of such techniques into an overall-designed system.)

Determination of the feasibility of refining existing stratification
procedures via more automated (hence, more rapid) approaches for analyzing
Landsat data

1.3 SCOPE

The general scope of the FY1980-87 AgRISTARS sampling and aggregation activi-
ties involves many different crops including wheat, barley, rice, corn, soy-
beans, cotton, sorghum, and sunflowers over selected regions within the United
States, Canada, India, Australia, U.S.S.R., Argentina, ars Brazil. The scope
for FY1980-81 entails primarily wheat, varley, corn, and soybeans over



portions of the yardstick [the U.S. Great Plains (USGP) and the major corn and
soybean producing states in the United States] in support of development,
test, and evaluition of a sampling and aggragation methodology for app!ication
in foreign areas. These applied tasks (26 through 82) are descrihed in
appendix B. The initial exploratory and pilot testing are to be completed in
the yardstick region of the United States during the FY1980-81 time frame with
some initial exploratory investigations into the foreign crop and riiins
mentioned above. Also, the sampling and aggregation software regaipsiagnts in
support of the U.S. corn and soybeans and the U,S. and Canada spring small
grains pilot tests will be generated for implementation on the Earth Resources
System (ERSYS).

Projected schedules of developmental and applied tasks according to priority,
time allocatien, and manpower needs are given in appendix C.
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2. MULTICROP AGGREGATION PRUCENURES

2,1 THE GHOUPED OPTIMAL AGGREGATION TECHNIQUE

A modified form of a stratified random sample design is the basis for the
sampling strategy for these FY's of the AgRISTARS program (FY1980-87).
Unfortunately, large errors in crop acreage and production estimation can be
caused because of missing data. In fact, it is possible that all data for a
stratum may be lost; consequently, a direct acreage estimate of the stratum
may not exist. To address the problem, a grouped optimal aggregation
technique has been developed by Dr. 5. H. Feiveson (ref, 1), Primary
objectives of the FY1980-81 sampling and aggregation strategy development are
to continue to improve (by further refinement, testing, and evaluation) and to
implement the weighted aggregation prucedure. A brief description of this
proposed procedure follows.

2:1:1 CROP ACREAGE ESTIMATION

Let g, L x 1, be the vector of the unknown current year crop acreages over a
group of L strata and h a vector of corresponding historical acreages.
Suppose

ELalh) = yh (1)
Viglh) = H (2)

where v is an unknown scalar constant of proportionality.

Suppose m of L strata has divect estimates A1 from the sample segment data,
i =1, +«+, m; hence, there are (L - m) strata having no direct estimates.

Let d ., be the vector of direct estimates made from satellite data

mx1

> ol
N = )

(3)

rj= W
]

5)) e

[ 3.8
§
—
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where Ay is the true acreage of stratum i and is estimated as

A, = — a Z P..
1 = 1“ '. see, m
and
Ai = ynbiased crop acreage estimate of stratum i (1.e.. E[A Ia 1= o with

the assumptions Var( A, |a1) and uUV(Ai, A1'|“i’“ ) = 0 for i # i

Nij = number of area segments in stratum i

=
—n
u

nunber of segments sampled from stratum i

aj = agricultural area of a sampling unit (assumed constant) in the jth
stratum

PH = pstimate of the crop acreage proportion for sample segment j in stratum i

Suppose a, h, and H he partitioned in the following way.

A
Ay
a' [ ]
a = ---T}’l‘,’fl__ - Am (5)
) R I L
(L - m) x 1 .
A
h
mx 1
e A (6)
(L-m) x1

OR!GINAL PAGE IS
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"1 HB
M w mnf m mx (L - m (7)

(L=m) x (L =m)

Now, the current year ¢rop acreage is supposed to be

A.lt/\“- (8)
& f ey
where 1 :
1 ﬁll'l
. m x|
[ B Ll R Sl (9)
1

L -m xt

a colunn vector of 1's and A. = the total current year crop acreags in the
area of interest (L strata). TYhen, a current year weighted crop acreage
estimator has the form

A = X'ed (10)

where

X = the vector obtained according to the following two conditions
X'y »e'eh
and (11)

E(R. - A_)a is minimum

The first two moments of the estimate R. are
ELAD = vh, = ve'+h (12)
and |

VAR = X b X (13)



where

f = Vidle) (14)
with |
g * Efd|al (15)
and
X x i) Oy o+ ey + ey (16)
where
A [3'!!1 - L\i(# + “1)‘}‘ (Hygp + ngl)]/nl(# + ”1)'1!3; (17)

Equations (13 and 14) are the results of the winimization, with respect to X,
of the mean square error (MSE) = E[(X'd - gﬁgpal. In sumary, the estimate for
the weighted angregation procedure current year crop acreage is equation (11).

A, = X'
with its expectation

ECR,1 % vh, = va'h
and its variance

VR =X b X

where y, 4 Dy 8 #. and X are defined in equations 1, 3, 6, 9, 14, and 16,
respectively.

The approach for estimating the H matrix and for grouping strata to conform
with equation (11} is discussed in section 2.2 and 2,3. The states and creps
involved in this investigation are given in Task 2.
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2.1.Z CROP PRODUCTION ESTIMATION

Let n be the vector of strata crop yields and ﬁ be it:s estimate. Then, the
crop production, P, and its estimate, P, are as follows.

P=n'a (18)
and

P=n'X'd (19)
where
X is a matrix of weights obtained so that 8[5 - P]2 is minimum
and

X'y x h (20)

For further details on crop production estimation, refer to reference 1.

2.2 ESTIMATION OF MATRIX H
2.2.1 BACKGROUND

The groured optimal aggregation technique requires input for the matrix H
which 1s unknown and needs to be estimated. The current estimation approach
is outlined below.

The symbols a and h in equation (1) have been used to represent realizations
of a random vector of crop acreages during 2 different yecrs. Let ap be the
n x 1 vector of crop acreages in year t (t = 1, 2, ++¢). Then, the
proportionality mcdel in equation (1) can be generalized to

3y = Yedy g f & ' (21)

where the v, are scalar constants of propcrtionality and the ¢, are
independent random vectors satisfying

E[et] = 0
and | (22)

;
Elepey 1= By
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which are conditional on a;_j. In particular, one desires to estimate Hy
where T is the current year. |

In order to facilitate the estimation of Hy with the present meager historical
data supply, a simplified parameteric model is used for M., specifically
Ht = Qmag(at_l.l, e, at_l’n) (23)

where ay_y § 1s the ith elemeny of 3.1 and 0 is a scalar parameter to be
estimated. Using equation (23), 0 can be estimated by

T %u‘% (ag - Yyagy)' Dghy fag = Yeapy) (24)
where
Yy * ?—::-'i (25)
e at_l
Dgay = D129y 10 =0s gy ) 126)
and
e= (1, 1, seo, 1)7 (27)

Using equation (24), the estimate of Hy is constructed by

HY = 0 Diag(hT_l,l. Lo, hT-l.n) (38)

2.2.2 TASKS 1 AND 2

The problem follows. If h = ay.y, then equation (28) may be a feasible way of
estimating H 2 Hy; however, if h = ar , for some k > 1 (i.e., the provious

k - 1 year of historical data are missing), there ncads to be a method of
adjusting the estimate in equation (28) to account for the degraded accuracy
of the method in equation (1).



The tasks for the estimation of matrix h follow.
a, Task 1

The task is to develop an approach for adjusting the estimate in

equation (28). One approach would be to use the model of equation (1)
recursively to write ay(za) in terms of ay_i (=h); e p4ps *°* €15 and
YT-k+1s *°*» Y7o Then estimate the variance of the error term of the new
model.

b, Task 2

The new procedure of Task 1 will be applied to obtain equation (28) by
using the 1972-76 historical crop statistics for the states of I1linois,
Indiana, and lowa; the estimation will be determined for both corn and
soybeans. An approach will be determined for those areas having perhaps
only 1 year of historical data available. (This will include the possi-
bility of using an automated approach for processing appropriate current
and archived sampling units to support estimation of Hy:)

This same analysis will be conducted for wheat and barley over %orth Dakota
and Minnesota.

2.3 FURTHER TESTING OF STRATA GROUPING APPROACH
2.3.1 BACKGRYIND

For the grouped optimal aggregation technique to be most effective, the strata
comprising a large region must be grouped so that (a) the model given by equa-
tion (1) approximately holds within each group and (b) the elements of the
matrices H and & are about the same magnitude. This grouping approach, which
affects the final estinate R, is an important element of this approach. Its
testing is another FY1980-81 task. This grouping approach, in its current
form, is explained in the following steps.

a. Stzp 1 — Within L strata of u crop region where each stratum is named an
"active group", one selects an active group with the smallest
(historical) acreage, say 1th, where the variance of its acreage
es¢imate is V(i).

4
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b. Step 2— For each other group, say 3", which is eligible to be joined
with 1 (e.g., adjacent) and has the variance V(Jj), compute a
statistic
where V(1,]) 1s the variance of the combined "active groups" i
and j. Then let

P = max py {30)
J
and suppose group jg gives that m;x Py = P

c. Step 3 —1If p <1, make the 1th group inactive and choose the second
smallest (historical) acreage active group to restart step 1.

d. Step 4 — If p > 1, replace groups i and j, by a new group which is the
combination of { and jy. Then, reactivate all remaining groups
which are inactive. This process {s carried out until the final
grouping is obtained.

2.3.2 TASKS 3 AND ¢
a. Task 3

Since APU's ostensibly consist of political subdivisions possessing
homogeneous agricultural and meteorological characteristics, it has been
suggested that the grouped optimal aggregation technique will produce
superior aggregated estimates if the groups used for ratioing are
restricted to 1ie within APU's., The task is to compare aggregated
estimates using restricted grouping with those computed using unrestricted
grouping.

b. Task 4

The grouped optimal aggregation technique will be programmed, flowcharted,
and documented. This modular, structured program will replace the
existing software written by A. H. Feiveson (ref. 1). The new software
will be an existing subroutine and may be installed on the Earth
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Observations Division Laboratory System (EODLS) as a Statistical Analysis
System (SAS) procedure, The partial response model to he delivered by
7exas APM University (TAMU) will be one component of the aggregation
system to be installed on the EODLS. The task {s to integrate this model
into the system.

2.4 SIMULATION OF AQRISTARS CROP PRODUCTION

In view of the 1imited availability of data, a full scale testing of the
grouped optima) aggregation technique with real survey data is not feasible.
Consequently, a simulation study will be conducted to evaluate the aggregation
procedure for its bjus and precision.

2,4.1 OBJECTIVES
The objectives of the multicrop simulation study are:

a, To test whether or not the grouped optimal aggregation procedure is
unbiased and provides efficient estimates

b. To evaluate the sampling and classification error variance components

¢. To study bias due to nonacquisition of segments

2.4.2 TASKS 5, 6, 7, AND 8

a. Task 5
The simulation process could involve the following four factors.
1. Crop type — They are corn, soybeans, wheat, and barley.

2. Error simulation model — This would be exercised at a stratum level
and a county level.

3. Error types — Those to be considered are no errors, sampling error
only, and sampling and classification errors.

4. Acquisition rates — This would be in percentages of 100, 90, 80, 70,
and 60,

Factors 3 and 4 would form 15 configurations as shown in table 2-1,



TABLE 2-1.- CONFIGURATIONS FOR FACTORS 3 AND 4

Acquisition rate, percent

Error type ,
100 20 80 70 60

No error
Sampling error

Sampling and classification
error

Factors 4, 3, and 2 lead to 30 configurations Yor each crop type. In fact,
the input to the simulation study would be obtained from the 1978 ¢orn and

soybean acreage and yield data for I11inois, Iadiana, and Iowa and from the
wheat and barley for North Dakota and Minnesota,

Results for the simulation study will be hased on 100 aggregation runs in each
case. For this study, results include {(a) average acreage and production
estimates for each state as well as for the entire area of interest,

(b) estimates of the bias and variance of an acreage or production estimate
(variance estimate for the MSE of an estimate), and (c) the accuracy goal
achieved.

The Monte Carlo technique will be used to generate the inputs for obtaining
corn/soybean and wheat/barley acreage and production estimates. Based on
these aggregation runs, the following will be determined: (a) the hias and
MSE of an estimate for each state as well a4 for all three or five states,

(b) contributions of the sampling and classification error components, (c) the
effect of nonacquisition of segments on the estimate, and (d) other such
factors.

b. Task 6

An integrated simulation system will be developed and utilized by combin-
ing the following pieces of software: segment crop proportion estimaticn
simulation, a nonresponse simulation, and a yield estimate simulation.
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c. Task 7

New simulation software will be developed to facilitate the simulation of
seqment-level proportion estimates, yield numbers, and nonresponse because
of cloud cover. The software will be three independent subroutines and
may be used in any combination to fit many applications.

d. Task 8

Research will be conducted for the purpose of developing more realistic
nonresponse models (to simulate cloud cover, etc,) than are now
available. Development of these models will help to answer the
question: Is sianificant bias from oss of data due to cloud cover
introduced in aggregated acreage and production estimates?

2.4,3 SIMULATION MODEL FOR SEGMENT CROP PROPORTION ESTIMATINM

The two models considered to simulate seqment crop proportion estimates are
simulation models 1 and 11, The simulation model I is

where

crop proportion estimate for Jt" seament in stratum {

Pii
Py

H

actual crop proportion for stratum i

6H = sampling error component

1]

eH classification error component

with the following assumnti¢ns

ELs;47 =0, V(o) = oﬁe

?
E[eij] =0 , V(e*j) = of,
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and
COV(sij’siJ) L] p‘ 6“0‘6
Here, py is the correlation coefficient of 84 and €445 therefore,
ECP‘J] = Py (33)
and

s 2,02 | 2
VIPyg) = dj * Ojc + 204010y % T

The simulation wmodel Il is

where
iikj = crop aroportion estimate for segment j in county k of stratum i
kK =1, 2, «ov, K
Pk = actual crop proportion for county k of stratum i
aikj = sampling error component at the county level

€y ™ classification errcr component at the stratum level

with the following assumptions

y 2
) (35)
E‘:E‘j] “‘0 ’ V(E‘d) = 0‘ o

and

Covldiigresg) = °1% e % o
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Here, oy 1s the correlation coefficient of S4xy and £y4s therefore,

2 2 2
9ee " lojg = oy

2 . 2
Yee " %e¢ (36)

K
2 .1 o2
£ 10)

and (37)

b v .2 .2 .2 .
YPikg) = T " ofie * ofuc * 200) 09,

2.4.4 DATA INPUT AND OUTPUT

The simulation input will be hased on the 1978 historical crop acreages and
FY78 segment data as follows:

a. The 1978 crop acreage estimates by the U.S. Department of Aariculture
(USDA) /Economics and Statistics Service (ESS) are to be used for
deteriination of the Py or Pik (1.e., for the simulation model to generate
the crop proportion for the sample segments).

b, The fnitial within-stratum variance estimates are to be used for
iietermination of sampling error °$e or of.e.

C. Segment crop proportfon estimates fren the 1978 crop year will be compared
to ground-truth segment proportions, and the estimation errors will be

used to compute uf.c and oy .

d. Computations of the sbove parameters wili be carried out at the refined
stratum level,

e. The historical 1972-76 crop statistics will be used for computation of
matrix H. (This procedure is repeatable in a foreign country provided
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f.

that at least 3 years of historical crop acreage statistics are available;
where this {s not the case, considerations as indicated in Task 2 wil) be
investigated.)

The strata and higher level aggregated estimates of crop acreage and
production will be obtained using the simulated inputs. The associated
variance estimatys from the grouped optimal aggregation technique will be
computed. The blas and repeatability of the proposed estimates will be
determined by the Monte Carlo technique.
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3. SAMPLING FRAME DEVELOPMENT

3.1 OBJECTIVES AND APPROACH

The objectives of the sampling frame development are (a) to integrate the
approach for creating sampling frames as developed by the USDA/ESS into the
overall sampling and aggregation methodology and (b) to develop and implement
an automated procedure in support of creating crop-specific strata. v

The approach consists of (a) the implementation of the USDA/ESCS software and
sampling frame data base into the EODLS at the National Aeronautics and Space
Administration, Lyndon B. Johnson Space Center (NASA/JSC) and (b) the imple-
mentation of the USDA/ESS-developed procedure for the overlaying of varying
sized sampling units as well as the module for selection of the sampling
units.

In addition, an automated procedure for making crop proportion estimates at
the sampling unit level will be utilized in developing an automated approach
for creating crop-specific strata.

3.2 SAMPLING UNIT SIZE STUDY
3.2.1 BACKGROUND

The LACIE sampling unit size of 5 by 6 nautical miles was considered to be
large enough for the Classification and Mensuration Subsystem (CAMS) analysts
to obtain wheat acreage e-“imates and small enough not to tax the computer and
manpower resources. However, it {s time to reexamine the sampling unit size
for the purpose of obtaining sampling unit sizes of the stratum level that are
more adequataly suited to meeting project requirements. Other significant
facts which influence the considered change in the sampling unit size are:

a. The analysts are more experienced.

b. The crops of interest in AQRISTARS are not only wheat or small grains but
also soybeans, corn, rice, cotton, sorghum, and sunflowers.
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c. rhe areas of interest include not only Canada, U.S.S.R., and 2 USGP
which is the major wheat and barley producing area in the U.S. but also
Australia, India, Argentina, and Brazil.

d. The sampling efficiency needs to be improved by reducing the sampling unit
size, if necessary, since a proper size for a sampling unit can result in
mure homogeneous sampling units and, hence, may lead te a significantly
smalier number of sampling units requiring processing.

Criteria to be considered in deciding upon a sampling unit size are:

1. The accuracy of iab2ling and classification of segments should be con-
sidered as a function of size. There is a need to examine the extent
to which a smaller segment size leads to larger labeling and classifi-
cation errors; it is well known that the interpretation of the Landsat
imagery, the estimation of crop signatures, and the registration
procedure require an adequate segment size.

2. The overall processing cost with smaller segment sizes is expected to
increase in comparison to that of larger segment sizes because a
larger number of segments will need to be processed to reduce the
campling error.

3.2.2 TASKS 9 AND 10

A cost analysis study is being conducted by the UCB to investigate the effect
of segment size on the analyst labeling accuracy and on the overall segment
processing cost. Subsequently, another sampling unit size study is envisioned
for Robeson County, North Carolina, where wall-to-wall ground data on crop
types are expected to be available from the USDA.

a. Task 9

This task will integrate the results from the two studies (UCB and Robeson
County) into a procedure for determining the optimal sampling unit size
for multicrop estimation.
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The purpose of this task is to develop and to evaluate the approach for the
integration of the two studies. An evaluation will also he made of the cost
analysis study conducted at UCB. The necessary inputs will be provided on the
experiment design for the Robeson County study (conducted by USDA/ESS) of the
sampling unit size.

b. Task 10

This task requires the designing and imolementing of a sampling frame to
be delivered by USDA/ESS.

The USDA/ESS is required to develop a semiautomatic digitization ard
enuneration software in support of sampling frame development for transfer to
~ NASA/JSC. Upon receipt of the sampling frame software from USPA/ESS, an
in-house version will be designed, implemented, and tested. The design will
provide the capability to permit complete automation of the task of creating
and overlaying a sampling unit grid allowing for differing sampling unit
sizes, plus the actual selection of the sampling units.

It is envisioned that the implementaticn of the sampling frame will have an
easy-to-use interface with the SAS. A capability for "collapsing" or
"splitting" tha elemental units which make up the sampling frame will be
developed, tested, and implemented (probably as a SAS procedure or, at least,
be interfacea with SAS).
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4. MULTICROP SAMPLE ALLOCATION

4.1 OBJECTIVE

The objective of the multicrop (stratified) sample allocation task is to
determine the sample size ny, (h =1, eee, L; L being the number of strata) so
that thz variances of th® individual crop production estimates satisfy some
specified precision tolerances with the cost minimized.

4.2 INITIAL WITHIN-STRATUM VARIANCE ESTIMATES

Before determining ny,, one needs to estimate the within-stratum crop variances.
A procedure for estimating the within-stratum variances (ref. 2) has been
developed; however, it needs to be tested further for different crops and
different areas of interest.

4.2.1 TASK 11

This task requires further testing of the proposed within-stratum variance
estimation procedure for corn and soybeans in lowa, Indiana, and I1linois, for
the data set in Robeson County, North Carolina and for wheat and barlagy in
North Dakota and Minnesota.

Stratum variances will be obtained from the crop proportion estimates for the
segments. These variance estimates will then be compared with those
determined by using the proposed method. The performance of the method will
be judged based on this comparison and a statistical test for eauality.

4.2.2 TASK 12

Task 10 deals with a machine classification procedure. This procedure shows
potential for improving initial variance estimation; therefore, it needs to be
tested by evaluating its classification accuracy and investigating the
feasibility of its implementation beginning with the automatic segment strip-
off from the high density tapes to output of within-stratum variances. It may
not be feasible to perform these tasks this year.



4.3 ALLOCATION TO SUPPORT EXPLORATORY STUDIES

Sample allocation procedures will be determined for corn/soybeans in Brazil
and Argentina and for spring wheat/barley in the U.S.S.R. (These tasks will
o2 performed as applied tasks.)

4-2



5. SEGMENT SELECTION AND LOGATION

With the sample allocations completed for the FY1981 exploratory studies, the
tasks of selecting sample segments and locating them on the sampling frame
will be undertaken. Sampling-frame software to be developed hy USDA/ESS 1s
not yet available tc select and locate the sample segments in (a) Brazil for
the corn/soyhean exploratory study, (b) U.S.S.R. for the spring wheat/harley
exploratory study as planned for FY81, and (c) Argentina for the corn/soybeans
exploratory study. Therefore, these selections will be made manually.
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6. STUDY OF ALTERNATIVE SAMPLING STRATEGIES

Investigation of some alternative sampling strategies is warranted. In par-
ticular, the most promising of these investigations are the multiyear model

and the full-frame samnling.

The multiyear models for crop acreage estimation are being developed, tested,
and evaluated at TAMU and the Environmental Research Institute of Michigan
(ERIM), whereas consideration for development of a full-frame samplina
strategy approach has received attention at the Laboratory for Applications of
Remote Sensing (LARS), UCR, and ERIM,

6.2 HARTLEY MULTIYEAR MODELS
6.1.1 HARTLEY MIXED ANALYSIS OF VARIANCE MODEL

6.1.1.1 Objectives and Approaches

The objective is to improve the conventional current year crop acreage propor-
tion estimates. The multiyear models will utilize not only the current year
sample segments but also those of many successive years in order (a) to
explore the proverties of consistency in segment crop acreages from year to
year and (b) to deal with the systematic differences between early-season and
Jate season estimates.

A mixed analysis of the variance model will be considered wherein the current
year direct estimates (from Landsat data) and the previous year estimates will

be investiqated for providing a more precise current year estimate.

6.1.1.2 Description of Hartley Mixed Analysis of Variance Model

The basic model (ref. 3) is

Y(Pegg) =ap + bt 8, + e,y (38)



where
s =
b =
t =

Ctse ®

1, 2, s++, segments studied

1, 2, 3 for early season, midseason, and late season

1, 2, *¢+, years under study

the analyst-interpreter (AlI) estimate of the wheat proportion of
segnent s of stratum h in the crop calendar period & of year t,

say ?tst

a mathematical variate transform of Py, (say its logarithm or logit
transform); y(Ppg,) will be abbreviated as y,,

an effect constant of year t (representing for example, the favor-
able or unfavorable economic outlook for wheat in year t at planting
time or, 7t least, the average transform)

an effect variable for segment s consistent through all years of the
data bank (e.g., the soil type effect); it assumes bs ~ N(O,ag)
the consistent (systematic) difference between the late-season esti-

mate (which corresponds to 83 = 0) and the estimate made at crop
calendar period & (& = 1) for early season, & = 2 for midseason)

the aggregate of sampling and classificatisn errors in the trans-
formed AgRISTARS records; it assumed Ceq ™ N(O.og)

The Aitken weighted least squares estimator of & = (01. ety Qyy e, Gp, t0f,
61,62,63)‘15

8= (CHixyt xrwly (39)
where
H=1+yul'
-2y .2
¥ = Ubloe

X and U are design matrices and y is vector of yy,'s
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(Note: Each y,q, will be utilized only for one value of ¢, and this will be
*he crop-calendar period ¢ for which an acquisition was utilized that
was not ivailable at the previous forecast 2 = 1,)

Equation model (38) can be utilized under three forms of mathematical variate
transforms ¥{P 1), They are:

a. The Identity Transformation
For the identity transformation y(Pye,) = Pygy» the modei will be
Ptsz e Pt + bs + 5& te., (40)

where

This model will help to analyze the P, records directly; hence, aggregatians
of wheat acreage estimates ap are needed for strats, strata combinations, and

countries. This model will give unbiased (or near unbiased) estimates P if
the additive equation (38) is satisfied for the Pyq,.

b. The Logarithmic Transformaticn
For the logarithmic transformation yio. = 109 Py,, the estimate of the
crop proportion in crop calendar period £ = L and current year t = T is
ProL = C Explop + &} (41)
where

C = Ex 1 (02 + & ) -1 Var(“ + 8 )
Pz \% Wy 27°00% 7%

(42)
Wese = Mpgel (1 = myg,)
;tsl = exp('&t + BS + 3z) (43)

t’ 3 » and 3 are unweighted least squar:s estimates of equation (38) with
all factors being,fixed.
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c. The Logistic Transformation

For the logistic transformation

P
1 tse
Yiss ~ 1°9 T""T""

Prey = Clexpl2(ar + §)1/01 + expl2(ay + §)1)

where
2
F("tsl’ °t?; t e
CO - ) ts!
Flieses Vs
with
V(Qtsz’ = Vlag) +V(8) + 2 ccv(&t. Ez)
and

ELPy ) = E{exp(?.yts,a/[l +oexpl(2y, )]} = Flu, o IV(y, o))

ELYpeed = Mgy

Note: The efficiency is defined hy the variance reduction ratio

Var(a,)
. ar(aT

Var(§y)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

where yT is the corresponding estimate of “T in the current year T based
only on current year acquisitions and “T is the estimate from the proposed

multiyear model.

6.1.1.3 Tasks 13 and 14

The following tasks will be implemented using previous segment estimates for

wheat and small grains over a 4-year period for North Dakota.
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a. Task 13

The requirement is to examine the feasikility of utilizing the estimate
qiven hy the multiyear models in the weighted agareaation procedura by
replacing the 5‘3'5 in equation (5) with atst's from the multiyear
model. The combined procedure will be called the Multivear Weiahted
Agaregation Procedure (MYWAP),

b. Task 14

The requirement is to investigate the utilities of the miltiyear models
for (a) crop estimation with missing data because of cloud cover or poor
quality imageries and (b) early season, midseason, and late season estima-
tion by estimating R in each case. (R is the efficiency parameter defined
above.)

6.1.2 ROTATION SAMPLE DESIGMS

The original {(and simplest) model of the multiyear models is the rotation
sample design (ref. 4).

6.1.2.1 0Objective and Approach

The objective of this rotation sample design is to provide current year crop
acreage estimates which are more efficient than the conventional current year
crop acreage estimates by utilizing the knowledge that the variation of the
crop acreage of a particular segment from year to year is usually less than
the variation of the crop acreage of different segments within a particular
year.

The approach follows. The current year direct segment averaae estimates from

the satellite data and the previous year estimated acreages are utilized to
provide a more precise current year estimate.
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6.1,2.2 Description of Rotation Sample Designs
The basic model (ref.‘5) is
Apg = ag * bg + ey (51)
for t =1, 2, 3, 4 years (the current year is T & 4)
s =1, 2,3, 4 (s is the segnent or sampling unit number)

where

ay = average true vheat acreage per segment in year t (°t" are fixed year
constants.)

b = true segment variables applicable to all years with the assumption
b ~ M(0,02)

ey = composite segient error variable of segment s in year t with the
assumption e, . ~ N(O;cg)

As * current year directly estimated (from satellite data) or previously
estimated wheat acreage of segment s of stratum h in year t

This segment s is ohserved in stratum h. Within the population of stratum h,
there are allocated ny, = S segments for each year t with a condition of S = 1,
2, 3, ar 4 segments; i.e., the model is applied to nominal CGroup I crop
regions. The allocation of sample segments is followed by a rotation pattern.
The authors in reference & investigated many different rotation patterns in
using equation (51). The optimal pattern consists of S = 2 segments per year
whick are retained 1 segments (past year to current year). One observed
segment will return to the sample after a 2-year absence. This rotation
pattern is presented in figure 6-1 which utilizes four segments in 4 years.
Figure 6-2 shows the pattery (S = 2, r = 2).
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Year Mumber

Xﬁlzadl
1 | X X
2 | x| ¥
Segment ,
Number 3 X X
4 X | X

Figure 6-1,- (S = 2, r = 3) rotation pattern [2 retained 1; T = 4],

Year Number
t
) O I SN R B
Segment 2 X X
Number
X | X

Figure 6-2.- (S = 2, r = 2) rotation pattern.
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In matrix form, the basic equation (51) of the optimal rotation pattern can be
written as

3= Xa+ Ub+ Ie (52)
where
(1 0 00
0001
1 000
X=|0 100 (53)
0100
0 010
\0 0 1 0/
c 0 0 1
1 0 0 0
1000
01 00
U=[{0 1 00 (54)
0 010
0010
0 00O 1/
0 0 01
and
g = gy ap) ag, o)’

g is to be estimated as &4

W

= (blt bzs b3) b4). ~ NI4(Qg Iog)

U

| | 2
* (€115 €415 €10 €pps €35 €33, €34, €44) ~ NIg(Q, To7)

s

= (A11s Agys Apps Rogs Apgs Aggs Aggs Agy)

Then, it is proved that

-~

g = it xply (55)
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which is the best 1inear unbiased estimator (BLUE) of g
where

Ho= 1+ yuu (56)
v = Il (57)
with ;4 being deduced fYrom é, and the estimate of the variance of ;4 being

Var(a,) = Lt 2x g4 1 .2 ) 22 (58)
AL L+2y 1+y °©

therefore, the estimate of the stratum h crop acreage at the year T z 4 will
be

Agn = Np%y (59)
with its variance estimate
[ ’ 2 . )
Var(A4h) = Ny Vav(a4) (60)

where Ny is the population stratum h size and the current year estimate of the
total crop production in the crop region of interest will be

”

where ?4h is the current year stratum h averige wheat yield estimate,

6.1.2.3 Tasks 15 and 16

These %asks will be implemented using previous estimates for wheat and small
grains in North Dakota for a 4-year period.

a. Task 15

The requirement is to examine the efficiency of the rotaticn sample desian
on the wheat data available in Moyth Dakota.



b. Task 16

The requirement is to develop an aggregation procedure tajlored to the
rotation sample designs. The combined sampling and aggqregation procedures
will be called "Rotation-Prestratified Sampling and Aggregation."”

6.2 FULL-FRAME SAMPLING STRATEGY
6.2.1 OBJECTIVES

The objective of a full-frame sampling strategy is to provide an alternate,
yet more efficient, sampiing and estimation approach based on a sampling unit
size which is as small as one pixel. LARS, ERIM, and UCB will investigate the
feasibility of a full-frame sampling strateny.

6.2.2 TASKS 17 AND 18
6.2.2.1 Task 17

This task will consist of the integration of the recommendations resulting
from the investigations of a full-frame sampling strategy into the overall
sampling and aggregation methodology. A primary part of task 17 is the
implementation of the adapted procedures on ERSYS.

6.2.2.2 Task 18

The requirement is to develop an alternate full-frame sample design.
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7. SOFTWARE CONVERSION

Currently, most of the sampling and aggregation software and data bases devel-
oped in the past reside on the Programmed Data Processor, Model 11/45 (PDP-
11/45) computer system. Three tasks will be implemented to consolidate the
sampling and aggregation capabilities on the LARS system at Purdue University
and on EODLS Analysis Subsystem (EAS) when it beccmes avatlable. Results of
the three tasks are to be maintained on the LARS system until the in-house EAS
becomes available. Then similar conversions will be required for implementing
all software and data hases in-house.

7.1 TASK 19

The requirement is to transfer the LACIE and TY sampling and agg:'egation soft-
ware from the PDP 11/45 computer system to the LARS system with control
configurations specified and procedure requirements documented.

7.2 TASK 20

The requirement is to transfer from the POP 11/45 computer system to the LARS
system all data bases consisting of agricultural statistics and CAMS segment
estimates for the supporting USGP and foreign countries. A record of all data
files thus created on the LARS system will he maintained.

7.3 TASK 21

The requirement is to conduct verification tests for the transferred softwares.
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8. ASSEMBLAGE OF DATA BASES

8.1 TASK 22

The requirement is to prepare a data base containing CAMS segment estimates
for early season, midseason, and late season as well as the blind-site true
crop proportions from LACIE Phases II and III.

8.2 TASK 23

The requirement is to assemble and file all Crop Assessment Subsystem (CAS)
reports for LACIE Phases I, II, and IIl and TY.



9. DOCUMENTATION

9.1 TASK 24

The procedure requirements for the sampling and aggregation software will be
specified and documented.

9.2 TASK 25
The preparation of this implementation plan is Task 2%.
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APPENDIX A

DEVELOPMENTAL TASKS: SUMMARIES OF BACKGROUND,
ACTIONS, TIME, AND MANPOWER

Appendix A consists of the developmental tasks in outline form. These tasks
were generated for this Implementation Plan.

The equations in this appendix are taken from ihe text of this document
(LEMSC0-15168) and retain the equation number gqiven in the text.



PRECEDING PAGE BLANK NOT FILMED

TASKS 1 AND 2:
BACKGROUND:

ACTIONS IN TASK 1:

TIME:
MANPOWER:
ACTIONS IN TASK 2:

TIME:
MANPOWER:

ESTIMATION OF MATRIX H

The crop acreages at the year t which are to he estimated
should be in the model

By " Vydyq * 6 t= 12,000, (21)
where
Efeglay.y] = ¢ (22)
E[etél iat-l] 2 Ht
iy = 8“’“9(“7-1,1"“- "T-l,n) (28)

Develop a procedure to adjust the estimate in
equation (28)

13 weeks
135 man-weeks

Actually estimate ﬁT using the procedure in Task 1 and
the 1972-76 historical crop statistics for the states of
I linois, Indiana, and Iowa. This estimation will be
done based on corn and soybean data.

4 weeks
45 man-weeks (If the soybean data base is in raw form,

two (2) more man-weeks will be needed to prepare soybean
data.) :
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TASKS 3 AND 4:
BACKGROUND:

ACTIONS IN TASK 3:

TIME:
MANPOWER:
ACTIONS IN TASK 4:

TIME:
MANPOWER:

TESTING OF STRATA GROUPING APPROACH

Since APU's ostensibly consist of political subdivisions
possessing homogeneous agricultural and meteorological
characteristics, it has been suggested that the weighted
aggregation procedure will produce superior aggregated
estimates if the groups used for ratioing are restricted
to lie within APU's,

Compare aggregated estimates using restricted grouping
with those computed using unrestricted grouping.

16 weeks
8 man-weeks

The grouped optimal aggregation technology will be
programmed, flowcharted, and documented. This modular,
structured program will replace the existing software as
written by A. H. Feiveson. The new software will be an
existing subroutine and may be installed on the EONLS as
a SAS procedure.

April 1, 1981 (date due)

Contact person is George Clouette.



TASKS 5, 6, 7,
AND 8

BACKGROUND:

SIMULATION OF AgQKISTARS CROP PRODUCTION

Because of the limited data avajlable, a full-scale test-
ing of the grouped optimal aggregation technique is not
feasible. Therefore, some simulation processes are con-
sidered for generating the estimates of the segment pro-
portion to be used in testing.

For Py or Py, which represent the actual crop proportion
for stratum { or for county k of stratum i, the crop pro-
portion estimate (simglated)kfor Jth segment in (county
k) stratum i will be PiJ or Plkj‘

It will be Pij where

E[P1J] =Py
and (33)

sy .2, 2
V(Pij{ %e * 94c * 2P49%%,
and

°$e is the variance of sampling error component Gij

2
ayc s the variance of classification error component €43
and Py is the correlation coefficient of 6,3 and %44

It will be ;ikJ where
ELPykyd = Pix

[y 5 - 2 . 2 ]
Pig) * 9Gee ¥ dhuc * 20190, (37)

2
jee

2 1 K

Osp = '
b k1,

- 1.2 2
%.e = |95e = oppl

2
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ACTIONS IN TASK 5:

TIME:
MANPOWER:

ACTIONS IN TASK 6:

TIME:
MANPOWER:

Use 1978 crop acreages estimated by USDA/ESS to determine
the P,'s or Pyy's. Use the initial within-stratum
variance estimates to determine the sampling error
afe or °$-e' Segment crop proportion estimates will be
compared to ground-tiiuth segment proportions and the
estimation errors will be used to compute °$c and af.

c
NOTE: Computations of the parameters will be
calculated at the refined stratum level. The

input to the simulation study will be obtained

from the 1978 corn dand soybean acreage and yield
for I11inois, Indiana, and lowa.

The strata and hig ar level aggregated estimates of crop
acregage and production will be obtained using the simu-
lated inputs. The associated variance estimates from the
grouped optimal aggregation technique will be computed.
The bias and repeatability of the proposed estimates will
be determined by the Monte Carlo nrocess.

Current year

35 man-weeks

Develop and utilize an integrated simulation system by
combining the following pieces of software.

a. Segment crop proportion estimation simulation

b. Yield estimate simulation.

c. Nonresponse simulation

Current year

35 man-weeks

A-6



ACTIONS IN TASK 7:

TIME:
MANPOWER:

ACTIONS IN TASK 8

TIME:
MANPOWER:

Develop new simulation software to facilitate the
simulation of segment-level proportion estimates, yield
numbers, and nonresponse because of cloud cover. The
software will be three independent subroutines and may be
ised in any combination to fit many applications.

April 1, 1981 (due date)

Contact person is George Clouette.

Develop more realistic nonresponse (cloud cover, etc.)
models than 2ve now available. (Development of these
models will help to answer the question: Is significant
bias from loss of data due to cloud cover introduced in
aggregated acreage and production estimates?)

32 weeks

28 man-weeks
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TASKS 9 AND 10:
BACKGROUND

ACTIONS IN TASK 9:

TIME:
MANPOWER:

ACTIONS IN TASK 10:

PRECEDING PAGE BLANK NOT FILMED

DESIGN AND IMPLEMENTATION OF SAMPLING FRAME

An optimal sampling unit size different from 5 by 6 naut-
ical miles needs to be determined. The University of
California at Berkeley is investigating the effect of
seqment sfize on the analyst 1abeling accuracy and on the
cverall segment processing cost. The USDA/ESS 1s study-
ing another sampiina unit size which is envisioned for
use in Robeson County, North Carolina.

Integrate the two studies (University of California at
Berkeley study and the USDA study in Roheson County) and
help in determining an optimal sampling unit size for the
multicrop estimation for the areas of application. Then
evaluate the cost analysis study of the University of
California at Berkeley and provide the necessary input on
the cxperiment design for the Robeson County study of
sampling unit size,

26 weeks

0.5 man-equivalents for 6 months for coordination and
integration

The USDA/ESS is required to develop a semiautomatic
digitization and enumeration software in support of
sampling frame development for transfer to NASA/JSC.
Upon receipt of the sampling frame software from USDA/
ESCS, an in-house system will be designed, implemented,
and tested. The design will permit complete automation;
e.9., the task of creating and overlaying a sampling unit
grid allowing for differing samnling unit sizes plus the
actua) selection of the sampling units., The implementa-
tion of the sampling frame will have an easy-to-use
interface with the Statistical Analysis System (SAS). A
capability for collapsina or splitting the element units
making up the sampling frame wiil be developed, tested,

A-9

ey P . a iy
1 caeeka Paswrl, piaass i DUl Flivaat)



and implemented (probably as a SAS procedure or, at
least, be interfaced with SAS).

TIME:

MANPOWER: If USDA/ESS delivers as a package and not in bits and

pieces, then the following will bhe required.

a. 13 man-veeks for software requirements

b. Programming needs will be:
Design specifications — 8 man-weeks
Coding — 2 man-aquivalents for 9 weeks
Decumentation — 9 man-weeks

¢, Acceptance: 2 man-weeks
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TASKS 11 AMND 12:
BAC{GROUND:

ACTIONS IN TASK 11:

TIME:
MANPOWER:
ACTIONS IN TASK 12:

TIME:
MAMPOWER:

MULTICROP SAMPLE ALLOCATINN

The objective is to determine the sample size ny, of each
stratum h, h = 1, 2, e+, L, so that the variances of the
individual crop production estimates satisfy some speci-
fied premium tolerances with cost minimized. BRefore
determining ny,, the within-stratum crop variances needs
to be estimated.

Initial within-stratum variance estimates — A procedure
for estimatina the within-stratum variances was nroposed
hy Chhikara and Perry (ref. 2). Testing of the proposed
within-stratum-variance estimation procedure wil’ be
implemented for corn and soybeans in lowa, Indiana, and
I1Vinois. The exploratory study (1979) seqments will be
used for this testing. Strata variances will be obtained
from the crop proportion estimates for the seqments,
These variance estimates will then be compared with those
which were determined by usirg the proposed method. The
performance of the method will be judged based on this
comparison and the statistical test developed for testing
their equality.

6 weeks
6 man-weeks

The machine classification procedure will be tested hy
evaluating its accuracy and by investigating the feasi-
bility of its implementation, beqinning with the auto-
matic segment strip-off from the high density tapes to
output of the within-stratum variances.

8 weeks

12 man-weeks



TASKS 13 AND 14:
BACKGROUMD :

ACTIONS IN TASK 13:

TIME:
MANPOWER:

ACTIONS IN TASK 14:

B it s s 5 vy

PRECEDING PAGE BLANK NOT FILMED

HARTLEY MULTIYEAR (LOG) MODEL
For the three forms of the base model
Y(Pegg) = ap + bg + 8, + ey, (38)

the lTogarithmic model is favored to give the estimate of
the crop proportion for segments in crop calendar period
% = L at current year t = T which is

Prop = C Explar + § ) (41)
where
1,2, £, 1 '
C = Exp 2'(°b + W;““) - 1z.\lavr'(m,t + 62) (42)
£s L

and other notation definitions given in section 6.1.1.2.

Examine the feasibility of utilizing the estimate given
by the multiyear models in the weighted aggregation pro-
cedure by replacing 6ij's in equatioq (5) of the
weighted aggregation procedure with Ptsz's from the mul-
tiyear mode] and by developing an aggregation using the
proportion estimates for wheat and small grain over 4
years for North Dakota (adapticn of weighted aggretation
procedure to MYWAP).

13 weeks
13 man-weeks

Investigate the utilities of the multiyear model for

(a) crop estimation with missing data due to cloud cover
or poor quality images and (bj early-season, midseason,
and late-season estimations derived by estimating R

(the efficiency parameter defined above) in each case.
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TIME: 13 weeks
MANPOWER: 13 man-weeks
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TASKS 15 AND 1
BACKGROJIND:

ACTIONS IN TASK 15:

TIME:
MANPQOWER:

ACTIDNS IN TASK 16:

TIME:
MANPOWER

ORIGINAL PAGE IS
OF POOR QUALITY

ROTATION SAMPLE DESIGNS

The multivear model (3R) in its simplest form is
Ats = o, * hs 4+ ets {81}

where Ats’ @4y b

o and ets are defined in se¢-
tion 6.1.2.2.

The results qiven by this rotation samrle desiar are the
istimates of the averane wheat acreaae per seamert in
vear £t = T where

a= (X W0y wiy (55)
, o1+ 2y 1 ? 2 v
with Varla,) = (} + - ) v £3:3)
4 8 e
' T+2y 1+ x

llse postseament acreaae estimates for wheat and gmall
arains over 4 years for North Dakota to examine the
rotation sample desian (fiq. 6-1 in scction &),

10 weeks

10 man-weeks

Develop an aaaregation procedure tailored to the
rotation samnle desians. The combined sampline and
aqqrenation procedure will be called
"Rotation-Prestratified Samplina and Angrecation,”
(Use the 4 years of available data.)

10 weeks

10 man-weeks
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TASKS 17 AND 18:
BACKGROUND:

ACTIONS IN TASK 17:

TIME:
MANPOWER :

ACTIONS IN TASK 18:
TIME:
MANPOWER:

PRECEDING PAGE BLANK NOT FILMED

FULL-FRAME SAMPLING

The LARS at Purdue University is investiaating the fea-
sibility of a full-frame sampling strategy to provide an
alternate, yet more efficient estimator, bhased on a
sampling unit size which is as small as one nixel,

Evaluate all procedures recommended by the LARS study.
Appraise and recommend future development and implemen-
tation of such strateafes. (This is a task-defining
task. )

8 weeks

12 man-weeks

Develop an alternative full-frame sample design.
18 weeks

18 man-weeks
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PRECEDING PAGE BLANK NOT FILMED

TASKS 19, 20, SOFTWARE CONVERSION
AND 21;
BACKGROUND: Currestly, most of the sampling and agareqation software

and data bases developed are on the PDP 11/45 computer
system. The following tasks will be completed to con-
solidate the sampling and agareqation capabilities on

the LARS system at Purdue University and on the ERSYS

when it becomes available.

ACTIONS IN TASKS 19,

20, AND 21: Transfer the LACIE and TY sampling and aqqreqation soft-
wares from the PDP 11/45 to the LARS system with control
configurations specified and procedure requirements doc-
umented. Transfer the PDP 1)/45 data %o the LARS sys-
tems for all supporting USGP and foreiqn countries data
bases consisting of agricultural statistics and CAMS
segment estimates. Maintain a record of all data files
thus created on the LARS system.

Conduct verification tests for the transferred soft-
wares, These tests are to be maintainad on the LARS
system until the in-house ERSYS becomes available., Then
similar conversion will be required foy getting all
software and data bases implemented in-house.

TIME: 4 weeks for data
5 we:'ks for aggregation
13 weeks for development
A weeks for multicrop allocation
4 weeks for within-stratum variance

MANPOWER 4 man-weeks for data
5 man-weeks for aggreqation TY
13 man-weeks for the development of simulation of
AGRISTARS crop production
4 man-weeks for multicrop allocation
4 man-weeks for within-stratum variance
A-19



TASKS 22 AND 23: ASSEMBLAGE OF DATA BASES

ACTIONS IN TASK 22: Prepare a data base containing CAMS segment estimates
for early season, midseason, and late season as well
as the blind-site true crop proportions from LACIE
Phases II and III,

TIME: 6 weeks
MANPOWER: 6 man-weeks

ACTIONS IN TASK 23: Assemble and file all CAS reports for LACIE Phases I,
I1, and III and TY.

TIME: 4 weeks
MANPOWER: 2 man-weeks
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TASK 24: DOCUMENTATION

ACTION IN TASK 24: The procedure requirements for the sampling and
aggreqation software will be specified and documented

TIME: 12 weeks
MANPOWER: 18 man-weeks
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APPENDIX B

APPLIED TASKS: SUMMARIES OF CROP TYPES, BACKGROUND, TIME,
AND MANPOWER IN VARIOUS COUNTRIES




TASK TITLE :

U.S. CORN/SOYBEAN PILOT AGGREGATIONS FOR AREA AND PRODUCTION

TJASK 26
SCHEDULE AND TIME:
MANPOWER :

TASK 27:
SCHEDULE AND TIME:
MANPOWER :

TASK 28:
SCHEDULE AND TIME:
MANPOWER :

TASK 29:
SCHEDULE AND TIME:
MANP OWER :

TASK 30:
SCHEDULE AND TIME:
MANP OWER :

TASK 31:
SCHEDULE AND TIME:
MANP OWER :

TASK 32:
SCHEDULE AND TIME:
MANP OWER :

TJASK 33:
SCHEDULE AND TIME:
MANP OWER :

Prepare aggregation data hase
December 15, 1980 - March 1, 1981; 10 weeks
10 man-weeks

Prepare for operational implementation
May 1 - June 15, 1981; 6 weeks
12 man-weeks

Perform pilot segment allocation
November 1, 1979 - February 1, 1980; 13 weeks
15,6 man-weeks

Aggregate area and production
June 15 - August 1, 1981; 6 weeks
6 man-weeks

Prepare report for accuracy assessment
August 1 - October 1, 1981; 8 weeks
12 man-weeks

Refine baseline procedures
July 1 - October 1, 1980; 13 weeks
13 man-weeks

Refine design procedures
October 15, 1980 - January 1, 1981; 10 weeks
4 man-weeks

Demonstrate multiyear model

January 1 - April 1, 1981; 13 weeks
13 man-weeks
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TASK 34:
SCHEDULF AND TIME:
MANPOWER :

TASK 35;

SCHEDULE AND TIME:

MANP OWER ¢

BACKGROUND :

Demonstrate partial response mode)
February 1 - May 1, 1981; 13 weeks
13 man-weeks

Demonstrate other procedures
February 1 - May 1, 1981; 13 weeks
6.5 man-weeks

These tasks will be implemented after the improvement is
made to the multicro~ sampling and aggregation procedures
for U.S. corn and soybeans. The development, testing, and
evaluation procedures were improved by using actual and
simulated data from selected areas in the United States
that approximate the corn and soybean data for Brazil and
Argentina.
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TASK TITLE: U S./CANADA WHEAT AND BARLEY PILOT AGGREGATIONS
FOR_AREA AND PRODUCTION

TASK 37: Refine baseline procedures

SCHEDULE AND TIME: July 1 - October 1, 1980; 13 weeks
MANP OWER ¢ 13 man-weeks

TASK 38: Refine design procedures

SCHEDULE AND TIME: November 1 - December 15, 1980; 6 weeks
MANPOWER ¢ 3 man-weeks

TASK 39: Nemonstrate multiyear model

SCHEDULE AND TIME: January 1 - April 1, 1981; 13 weeks
MANP OWER : 6.5 man-weeks

TASK 40: Demonstrate partial response model
SCHEDULE AND TIME: February 1 - April 15, 1981; 10 weeks
MANP OWER : 6 man-weeks

TASK 41: Demonstrate other procedures

SCHEDULE AND TIME: January 1 - April 15, 1981; 15 weeks
MANP OWER : 7.5 man-weeks

TASK 42: Prepare aggregation data base

SCHEDULE AND TIME: September 15 - November 1, 1980, and December 1, 1980 -
January 15, 1981; 12 weeks

MANP OWER 12 man-weeks

TASK 43: Prepare for operational implementation
SCHEDULE AND TIME: April 15 - June 1, 1981; 6 weeks

MANP OWER ¢ 12 man-weeks
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TASK 44:
SCHEDULE AND TIME:
MANP OWER :

TAS. 45:
SCHEDULE AND TIME:
MANP OWER :

TASK 46:
SCHEDULE AND TIME:
MANP OWER :

BACKGROUND ;

‘Check and adjust allocation

January 1 - March 1, 1980; 8 weeks
8 man-weeks

Aggregate area and production
June 1 - July 15, 1981; 6 weeks
6 man-weeks

Prepare veport for accuracy asserisment
July 15 - September 15, 1981; 8 weeks
12 man-weeks

These tasks will be implemented after the overall designed
system is exercised by combining the component technol-
ogies and the improved baseline multicrop sampling and
aggregiation procedures. These procedures were applied
with actual and simulated data from selected areas in the

“United States that approximate the data for U.S./Canada

spring wheat and barley.



TASK TITLE:

U.S.S.R. BARLEY SAMPLING SUPPORT TO EXPLORATORY EXPERIMENT

TASK 48:
SCHEDULE AND TIME:
MANPOWER

TASK 49:
SCHEDULE AND TIME:
MANPOWER

TASK 50:
SCHEDULE AND TIME:
MANP OWER :

TASK 51:
SCHEDULE AND TIME:
MANPOWER :

TASK 62:
SCHEDULE
MANPOWER

AND TIME:

e

TASK 53:
SCHEDULE AND TIME:
MANP OWER

e

TASK 54:
SCHEDULE AND TIME:
MANPOWER :

Design adaptation
December 15, 1980 - February 1, 1981; 6 weeks
3 man-weeks

Test data base
March 15 -~ May 1, 1981; 6 weeks
6 man-weeks

Design a sampling scheme
March 1 - April 1, 1980; 4 weeks
2 man-weeks

Demonstrate multiyear model
January 1 - April 1, 1981; 13 weeks
6.5 man-weeks

Demonstrate partial response model
February 1 - May 1, 1981; 13 weeks
6.5 man-weeks

Demonstrate grouping logic
January 1 - May 1, 1981; 17 weeks
8.5 man-weeks

Demonstrate other procedures

April 1 - August 1, 1981; 17 weeks
17 man-weeks
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TASK 55: Select segments
SCHEDULE AND TIME: April 1 - June 1, 1980; 8 weeks

MANPOWER : 4 man-weeks

TASK 56: Define Forefgn Similarity Region (FSR) segments

SCHEDULE AND TIME: October 15 - December 1, 1980; 6 weeks

MANPOWER : 3 man-weeks

TASK_67: Prepare report

SCHEDULE AND TIME: August 1 - Octpber 1, 1981; 8 weeks

MANT OWER : 12 man-weekg

BACKGROUND : fhese tasks require employing the improved sampling
scheme.
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TASK TITLE: U.S.S.R. BARLEY PILOT EXPERIMENT AGGREGATIONS

JASK 59:

SCHEDULE AND TIME:

MANP OWER :

TASK 60:
SCHEDULE AND TIME:
MANPOMER ;

TASK 61
SCHEDULE AND TIME:
MANP OWER :

TASK 62:
SCHEDULE AND TIME:
MANPOWER :

BACKGROUND :

FOR_AREA AND PRODUCTION

Refine design procedures
May 15 - August 1, 1981; 5 weeks
3 man-weeks

Refine baseline procedures
September 1, 1981 - Jenuary 1, 1982; 17 weeks
17 man-weeks

Prepare aggregation data base
September 15 - November 1, 1981; 6 weeks
6 man-weeks

Perform pilot segment allocation
December 15, 1980 - March 15, 1981; 13 weeks
15.6 man-vreks

These tasks will be implemented after the improvements are
made to the multicrop sampling and aggregation procedures
for the U.S,5.R. barley. The development, testing, and
evaluation procedures were improved by using actual and
simulated data from selected areas in the United States
that approsimate the wheat and barley data for tne
U.S.S.R.



TASK TITLE: BRAZIL CORN AND SOYBEAN SAMPLING SUPPORT TO EXPLORATORY EXPERIMENT

‘TASK 64: Study sample frame

SCHEDULE AND TIME: December 1, 1980 - August 1, 15Z!: 26 weeks
MANP OWER : 20 man-weeks

TASK 65: Design a sampling scheme

SCHEDULE AND TIME: March 1 - March 22, 1980; 3 weeks

MANPOWER : 0.6 man-week

TASK 66 Select segments

SCHEDULE AND TIME: March 22 - April 22, 1980; 4 weeks

MANP OWER : 0.8 man-week

TASK 67: Define FSR segments

SCHEDULE AND TIME: October 15 - December 1, 1980; 6 weeks

MANP OWER ; 3 man-weeks

TASK 68: Locate segments

SCHEDULE AND TIME: April 22 - June 1, 1980; 6 weeks

MANF OWER : 1.2 man-iveeks

BACKGROUND : These tasks will implement the improved sampling scheme.
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TASK TITLE: ARGENTINA CORN/SOYBEAN EXPLORATORY EXPERIMENT AGGREGATIONS
FUR_AREA AND PRODUCTION

TASK 70: Refine baseline procedures; design adaptation
SCHEDULE AND TIME: March 15 - May 1, 1981; 6 weeks

MANPOWER : 3 man-wceks

JASK 71: ~ Procedures adaptation

SCHEDULE AND TIME; August 1 - November 1, 1981; 13 weeks

MANP OWER : 13 man-weeks

TASK 72: Test data base

SCHEDULE AND TIME: June 15 - August 1, 1981; 6 weeks

MANP OWER : 3 man-weeks

TASK 73: Define FSR segments

SCHEDULE AND TIME: October 15 - December 1, 1980; 6 weeks

MANP OWER : 3 man-weeks

BACKGROUND : These tasks will be implemented after improvements are

made to the multicrop sampling and aggregation procedures
for the Argentina corn and soybeans., The development,
testing, and evaluation procedures were improved by using
actual and simulated data from selected areas in the
United States that approximate corn and soybean data for
Argentina.
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TASK TITLE: ARGENTINA WHEAT SAMPLING SUPPORT TO EXPLORATORY EXPERIMENT

TASK 75:
SCHEDULE AND TIME:
MANPOWER :

TASK 76:
SCHEDULE AND TIME:
MANPOWER :

BACKGROUND :

Design adaptation
March 15 - May 1, 1981; 6 weeks
3 man-weeks

Define FSR segments
October 15 - December 1, 1980; 6 weeks

3 man~weeks

These tasks will result in the implementation of the
improved sampling scheme.
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TASK TITLE: AUSTRALIA WHEAT EXPLORATORY EXPERIMENT AGGREGATIONS

FOR AREA AND PRODUCTION

TASK 78: Refirie baseline procedures; design adaptation

SCHEDULE AND TIME: March 15 - May 1, 1981; 6 weeks

MANP OWER : 3 man-weeks

TASK 79: Procedures adaptation

SCHEDULE AND TIME: September 1 - December 1, 1981; 13 weeks

MANP OWER : 13 mar-weeks

TASK 80: Test data base

SCHEDULE AND TIME: August 1 - September 15, 1981; 6 weeks

MANPOWER ¢ 6 man-weeks

TASK 81: Define indicator region segments

SCHEDULE AND TIME: October 1 - November 1, 1980; 4 weeks

MANP OWER : 4.8 man-weeks

TASK 82: Define FSR segments

SCHEDULE AND TIME:

MANP OWER :

October 15 -~ December 1, 1980; 6 weeks
6 man-weeks
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APPENDIX C

PROJECTED SCHEDULES OF TASKS ACCORDING T9
PRIDRITY, TIME ALLOCATION, AND MANPOWER NEEDS
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TABLE D-1,- DATA REQUIREMENTS
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> € > <

nN
(=)
> DX XX X >
XK X X X2
> > >
XX X

Symbol definitions:

A - The 1972-76 historical crop states: I1linois, Indiana, and lowa

B - Wheat and barley in North Dakota and Minnesota

C - Corn and soybeans in I1linois, Indiana, and lowa

D - The 1978 crop acreage and proportion estimates (USDA/ESCS)
E - Corn and soybeans in Brazil

F - Wheat and barley in U.S.S.R.

G - The CAMS estimates

H - LACIE and TY software, PDP-11/45

[ - Software design and implementation

J - Injtial within-stratum variance estimates

K - Sampling frame, USDA/ESCS ‘

L - Theoretical research ORIGINAL PAGE 1%
M - Monte Carlo technique OF PCLR QUALITY
N - Documentation and reports iy
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