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This report discusses in detail the multiple and area frame
estimators used by the Statistical Reporting Service (SRS).
The advantages and disadvantages of each estimator, particu-
larly with respect to livestock estimation, are presented as
well as suggestions for reducing the nonsampling errors asso-
ciated with each estimator. The livestock estimates from each
estimator since 1978 are compared with SRS's official statis-
ties in order to ascertain how much SRS has relied on each
estimator. Finally, recommendations are made concerning the
livestock estimation program.

ERRERERREEX SRR RN R RN RN RN AR R F R AR R R RN R RRRRRE AR RRRRRNERRRRS
*

¥ This paper was prepared for limited distribution to the

* presearch community outside the U.S. Department of Agricul-
¥ ture. The views expressed herein are not necessarily

* those of SRS or USDA.
®

FRRREZERREERRERRERXFLENALRAREEARRARREAREEREREFRRLERRARRLXXXRRLRR

L I N R I I ]

Page
SUMMARY ii
INTRODUCTION 1
ORIGIN OF THE ESTIMATORS 2
OVERVIEW OF PREVIOUS RESEARCH 3
ESTIMATORS h
Open 5
Closed 11
Weighted 16
Multiple Frame 21
USFE OF THFE ESTIMATORS 28
Cattle 29
Hogs 35
CONCLUSIONS AND RECOMMEMNDATIOMS 42
REFERENCES 4y



SIMTARY A wnified discussion of the open, closed, weirghted and multi-
plec frame estimators is presentec in this report. An overview
is siven not only of the origin of the four estimators in the
estimation programs of the Statistical Peporting Service
(eP°Y, but also of the researck ccnducted uwith these estima-
tors 3ince the mid-1080's3, i thorourh presentation of the
advantares and disadvantares associated with each estimator,
partiralarly with respect to l.vestock estirmation, is piven.
Also, aurrestions for reducir~ *5e nonsampling errors inherent
in the estimators are outlined,

The estimates fror the four esvimators were compared with
SPSt's official statistics to determine how nuch SRS has relied
on cach estimator historiczllv when estimatinge livestock
irventories, The analysis showed that SRS has relied on the
rnultinle frame livestock estimctor much more than the area
frome livestock estimators., 2 the three area frame estima-
toras. the closed estimator has heen relied on slirhtly mnmore
thar the open and weirhte!l ~zftimators for cattle, and the
weirkted estimator has been used <he most for hors.
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INTRODUCTION

Review of the Multiple
and Area Frame
Estimators

John Patrick Nealon

Almost all statistics published by the Statistical Reporting
Service (SRS), U.S. Department of Agriculture, prior to the
1960's were based on nonprobability surveys. Over the past 20
years, SRS has developed and implemented a series of probabil-
ity surveys to provide estimates for c¢rop acreages, grain
stocks, livestock numbers, and other agricultural items such
as farm production expenditures and farm labor. These proba-
bility surveys are based on area and multiple frame survey
designs and the basic estimators generated from these designs
are referred to as direct expansion estimators. There are four
direct expansion estimators available from area and multiple
frame survey designs, namely, the open, closed, weipghted and
multiple frame estimators. The open and closed estimators are
also commonly referred to as the farm and tract estimators,
respectively.

One of these estimators-- the closed estimator -- is available
to statisticians to arrive at SRS's official statistics for
crop acreages at the state, regional and national levels.
Also, one direct expansion estimator-- the multiple frame
estimator -- is used by statisticians to produce the official
statistics for on-farm grain stocks, farm production expendi-
tures and farm labor. On the other hand, statisticians have
at their disposal two to four direct expansion estimates from
area and multiple frame surveys to generate the official
statisties for livestock inventories,

Statisticians combine the various livestock estimates into an
official statistic wusing a subjective process. For example,
statisticians in some states may rely almost exclusively on
the nmnultiple frame estimate to arrive at the statistic they
recommend to the Crop Reporting Roard in SRS. On the other
hand, statisticians in other states may base their recommenda-
tion on some compromise of the available estimates. In 1983,
a report entitled "Framework for the Future", which was
prepared by the Long-Range Planning Group, recommended that
SRS develop an objective procedure for combining the various
probability-based estimates into a single, combined estimate
for settinp each official statistic (1). A review of the mul-
tiple and area frame estimators in the 1livestock program is
therefore needed to shed light on which estimators should be
siven more weirht in an objective weighting schene.



CPIGIN OF
TUFR FESTIMATORS

The Longr-Tange Planning Croup also  recommended restructuring
SIRS's current series of surveys into an Tntegrated Survey Pro-
cram (120),  TIf SRS shifts to an TP, the number of estimators
cenerated for livestock items in ench state might be reduced
or chanrec. Therefore, a unified review of the multiple and
area f{rore estimators in the livestock prorram is also needed
to deterrine which estimators should be included in the ISP
for liveotock.

Over the vears, research has been <onducted to evaluate the
multiple and area frame estimator:s used by SRS with special

attention piven to livestock estimation. Many of the advan-
tapes amndd disadvantages of each estimator have been mentioned
in various research reports. lowever, no docurmentation exists

that discusses how well the multiple and area frame livestock
estimates have compared historically with the official statis-
ties. The Survey Research Section decided to conduct a formal
review of the multiple and area frare estimators in the lives-
tock prormram with the following three objectives in mind:

{1) Present a unified discussion of the advantapes and
disadvantares for each of the four estimators, focusing pri-
marily on livestock estimation. Tn addition, recommend pro-
cedures, when possible, for reducing the effects of the
disadvantages.

(2) Tetermine how nmuch SRS has relied on each of the four
livestock estimators. This will be measured by how close
the livestock estimates have been historically to the offi-
cial statistics and how correlated the estimates from each
of the four estimators have becn with the official statis-
tics in the time-trend charts used by SRS.

(3) Reccommend a course for the future regarding which
estinator(s) should be used in the livestock program.

SRS's involvement in area frame campling methods dates back to
1954 when research was conducted to evaluate estimates of crop
acreares using 703 segments in 10 states (40). By 1965, area
frame sanpling methods had been expanded to the 48 contermi-
nous states. In that year, the first national area frame sur-
vey was conducted, providing corop acreage estimates at the
state, regional and national levels. In 1967, the estimation
program  was expanded to a seri+«n of surveys to provide area
frame estimates for crops, livestock and other agricultural
items (h0). Two estimators, the open and closed estimators,
were used in the operational prorran. Both of these estima-
tors woere used for livestock estimation while only the closed
estimator was used for acreage estimation. The open estimator
was relied on exclusively to obfain estimates for items only
associated with the farm as a whole such as farm size, income
and laber,
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In the early 1900's, the theory of multiple frame samplins and
estimation was developed at Iowa State University through a
cooperative agreement with SRS (%6). Multiple frame methods
had some distinct advantapges for SRS's applications, particu-
larly for livestock estimation, since many survey items such
as hog and cattle inventories were not efficiently estimated
by the area frame. Multiple frame methods were first
evaluated by SRS during 1965 in Wyoming (8) and were intro-
duced into the livestock estimation program in four states
beginning in 1969 (39)., By 1974, nultiple frame livestock
estimation had expanded to include 14 states in the hog pro-
gram and 28 states in the cattle program, representing 85 to
90 percent of the U.S. hos and cattle inventories. Tn addi-
tion, multiple frame methods were implemented nationally by
1975 to provide estimates for farm production expenditures and
farm labor. Finally, nultiple frame methods were also
developed in the 1970's to provide acreage estimates in some
states for specialty crops such as potatoes and rice.

A third area frame estimator-- the weiphted estimator --was
introduced and evaluated in 1962 (38). This estimator was
later used in the multiple frame livestock program to provide
estimates for the nonoverlap domain., Weighted estimates based
solely on the area frame were integrated into the hog and cat-
tle estimation program during 1977 and included only the 14
hog multiple frame states. Starting in 1979, the weighted
estimator was also used to estimate the number of farms in
these 14 states.

Moving to the present--1984-~the closed estimator is still the
only estimator used in the national crop acreage estimation
program. Also, the multiple frame estimator is the only esti-
mator in the estimation programs for farm production expendi-
tures, farm labor and on-farm grain stocks. To estimate the
number of farms, both the open and weighted estimators are
used in 10 states while only the open estimator is used in the
remaining 38 states. The livestock estimation program is a
much more complex program. All 48 states collect data for the
open and closed estimators for hogs and cattle, 23 states also
have a multiple frame hog estimator, 34 states have a multiple
frame cattle estimator, and 10 of the multiple frame states
also provide weighted hog and cattle estimates from the area
frame,

During the early years of area frame methods in SRS, research
activities in the area of estimation focused on comparing the
estimates obtained from the open and closed estimators for
crop acreages and livestock inventories. As early as 1956,
SRS decided to abandon the use of the open estimator for crop
acreage estimation since the closed estimator was considered
superior (38)}.



FSTIMATORS

Several research projects were conducted from the mid-1950's
to the mid-19A0's to compare the open and closed estimators
for estimating 1livestock inventories (35,36,37,45). These
studies concluded that livestock inventories were more accu-
rately reported using the closed segment approach. The open
livestock estimates were believed to be consistently underes-
timating livestock inventories while the closed estimates,
particularly for cattle, were considered to be estimating
livestock inventories correctly. 1In 1966, the Standards and
Research Division recommended that SRS use the closed estima-
tor to estimate livestock inventories (b45),

In the latter half of the 10960's, research efforts were
directed toward multiple frame sampling methods with special
emphasis on livestock estimation. Research was primarily con-
cerned with appraising the multiple frame livestock estimates,
evaluatinrg available 1list frame sources, testing procedures
for building and updating 1list frames, and investigating
alternative schemes for domain determination (25,26,27,28%,29,
34,42,43,53),

During the next decade, SRS undertook the difficult task of
developing a general-purpose list frame of all known farmers
in each state for use in the multiple frame and nonprobability
mail surveys. As the PResearch Division expanded in the
1970's, research into multiple frame livestock methods
accelerated (3). Research efforts concentrated on identifying
nonsampling errors associated with multiple frame procedures
and recommending procedures to minimize these errors. A wide
rance of multiple frame survey procedures was evaluated,
These included the design of the questionnaires
(14,724,30,31,41,47), the adherence to survey concepts (6,22),
problems associated with domain determination (22,48,49),
optimization of the size for the list frame (7,51), effects of
nonresponse (9,10,15,16,17,18), biases in the estimation of
the weighted nonoverlap domain (?1), rotation group bias
(13,19), and the effects of data ccllection procedures (2,20).

Finally, as SRS entered the 1980'c, research with multiple and
area frame estimation has centered upon investigating alterna-
tive weighted estimators (4,11,32). This work has been pur-
sued =since research has repeatedly shown that the weight in
the operational weighted estimator is not obtained accurately
(6,12,21,33,52).

Fach ¢of the four estimators--open, closed, weighted and multi-
ple frame--will be discussed in this section. The discussion
for each estimator will include a definition of the estimator,
the formula used to arrive at the direct expansion estimate,
the advantages and disadvantages of each estimator, particu-
larly with respect to livestock estimation, and suggestions
for reducing the adverse effects of some of the disadvantages.



Open

The open, closed and weipghted estimates generated for 1lives-
tock items are loosely referred to as area frame estimates by
SRS when in reality they are multiple frame estimates, The
area frame sample in all states is supplemented by a list of
large hog or cattle operators, known as extreme operators.
The area frame data from each extreme operator in the sample
is set to zero when computing the area frame estimate, and
then the 1list frame estimate for the extreme operators is
added to this area frame estimate to arrive at what SRS refers
to as an area frame livestock estimate. This distinet charac-
teristic of the area frame livestock estimates should be kept
in mind since it differs from the traditional area frame esti-
mates used for crop acreages, farm size and farm numbers,
which are based solely on the area frame. In this report, the
precision levels stated for the area frame livestock estinmates
will always refer to the area frame estimates that have input
from the extreme operators. These estimates will be nore pre-
cise than the traditional area frame livestock estimates. On
the other hand, the definitions, formulas, advantages and
disadvantages presented in this section for each area frame
estimator will pertain to the traditional area frame estima-
tors, which have no list frame comnponent.

The open estimator requires that data associated with the
total acres operated be obtained from each agricultural opera-
tion which satisfies the "headquarters" rule. For SRS sur-
veys, the headquarters rule is satisfied if the operator of
the agricultural operation resides in the sampled segment.
Therefore, data are collected only from resident agricultural
operators (RAO's). To arrive at an estimate for the state,
region or nation using the open segment approach, the data
pertaining to the total acres operated for each RAO is first
added to the segment level and multiplied by the inverse of
the probability of selection for the segment, which is called
the expansion factor. Then, the expanded segment totals from
the RAO's are added together to arrive at the estimate for the
desired inference level such as the state,

The sample estimate of a total from the open estimator for
SRS's area frame design can be expressed in the following
notation for a given state:

s Py rij
y = & 1 Loy,
°© 4=1  j=1 k=1 UK
Bijk
®iik = Yijke if g... > 0,
ijk
g=1
0 if gijk = 0,
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the eth RAG in the kth segment, jth paper stratum and 1
land-use stratum,

the number of RAO's in segment k, paper stratum j and land-use
stratum i,

the value of the survey item on the total acres operated for

.th

. th - .
the expan=iovn factor for the k scpmert in the Jth paper stratum
in the it! lund-use stratum,

h

the number »: sample replicates or segments in the JEN paper
stratum in the ith land-use stratum,

th

the number v! paper strata in the i tand-use stratum,

number o land-use strata in the =tate.

There are three advantares associated with the open estima-
tor. These advantapes are:

(A1) nata Collection Savings: Only TAO's need to be inter-
viewed when usinr the open estimator. On the other hand,
the closed and weighted estimators require that information
be obtained from all agriculturz! operators with any land in
the sampled segments regardless of where they reside. The
exact +rost savings obtained bhv using the cpen approach
instead of the closed or weighted approach are not known.
For ¢&PRS's area frame design, the savings are subjectively
estimated to be between 5 and ?0 percent depending on  the
state.

{A?) Flexibilitv: The reporting uri. for the open estimator
is the "total land operated". Since all agricultural items
can he zssociated with the farm operation as a whole such as
farm income and cattle deaths, -he open estimator can be
used to estimate for any agriculturzl item. For some survey
items =cuch as pgpross value of =ales, the operator is only
able to report accurately if the reporting unit is the total

land cperated.

(A3) TFamiliar Reporting Unit: Npera-ors are generally accus-
tomed ftc¢ thinking in terms of theo total land they operate
and tc providing information about  heir entire operation.

There zre nurmerous disadvantares 2snociated with the open
estimater that collectively outweish the advantages. These
disadvartares are:

(D1 Lack of Precision: The oper estimator 1is the most
imprecise of the four estimators, Fstimates based on the
open ccrrent approach often lack *the precision needed to set




reliable state statistics. For example, Table 1 shows the
distributions of the coefficient of wvariation (C.V.) for
three inportant hog items based on the 1983 June Fnumerative
Survey (JFS). Only the 23 multiple frame hog states, which
contain about 95 percent of the nation's hogs and pips, are
included in this table. The C.V.'s for the three hor items
were almost always in double-digits. With C.V.'s at these
high levels, estimates often fluctuate too much from year to
year, making time trends difficult to recognize when setting
official statistics. However, the estimates for mnany hog
items are precise (C.V., less than 5 percent) when the infer-
ence level is national or when the 23 nmultiple frame states
are combined. For example, the national C.V.'s from the
1983 JES for total hogs and pigs, farrowing intentions for
the next quarter, and the previous quarter's farrowings were
3.8, 4.2 and 4.3 percent, respectively.

Table 1: The distributions of the coefficient of variation from the open estimator
for three hog items in the 23rmultiple frame hog states; 1983 JES.
Coefficient Total Hogs Farrowing " Previous
of and Pigs Intentions Farrowings
Variation (June-August) (March-May)
(%)
Nurber of States
<5.0 0 0 0
5.0-9.9 1 1 1
10.0-19.9 15 12 15
20.0-29.9 5 7 3
230.0 2 3 4
Total 23 23 23

Cattle estimates are more precise than hog estimates, but
still not precise enough in many of the major cattle produc-
ing states. Table 2 gives the distributions of the C.V.
from the 1983 JES for three important cattle items using the
28 original multiple frame states, which account for almost
90 percent of the U.S. cattle. Many of the C.V.'s were
greater than 10 percent at the state level for these items.
For the 1982 December Fnumerative Survey (DFS), even more of
the states had C.V.'s in the double-dipits for these three
cattle items. Cattle estimates, however, are precise at the
national level or for the 28 multiple frame states combined.
For example, the national C.V.'s from the 1983 JES for total
cattle and calves, calves born since 1983, and cows and
heifers remaining to calve in 1983 were 2.3, 2.9 and 2.1
percent, respectively.



Table 2: The distributions of the coefficient of variation from the open estimator
for three cattle iters in the 28 multiple frame cattle states; 1983 JES.

Coefficient Cows and Heifers
of Total Cattle Calves Born Remaining to Calve
Varia;ion and Calves Since 1983 in 1983
%
Nurber of States
(5.0 ¢ 0 0
5.0-9.9 L4 10 6
10.0-19.9 14 16 18
20.0-29.9 0 4
230.0 0 0 0
Total 28 28 28

(D2) Assoeiation Frrors: As mentioned earlier, the open
estimatcor depends on data from all RAQ's. Therefore, this
estimator requires that the correct operator be identified
for each operation and that the cperator be properly classi-~
fied as living inside or outside the segment. Fnumerators
who participated in the 1982 panel studies (52) mentioned
that they sometimes identify the wrong person as the opera-
tor and discussed the difficulty of determining the proper
operator for complex management structures such as
livestock-only partnerships and corporations. Nonsampling
errors coczur when the association between the farm operation
and the location of the operator's headquarters is not prop-
erly linkad. The effect of association errors on the esti-
mates i= not known.

(D3) Undercoverage: Fxperience w.th the open sepgment
approach has revealed a strong tendency toward undercoverage
{23). Nperators of small farming operations do not always
view themselves as farm operators and, therefore, may be
classified as non-farm. FEnumerators in the 1982 panel stu-
dies discussed the difficulty of detecting small operations
(52). Also, rnultiple land-operating arrangements within the
same hocusehold can go undetected. Another source of under-
coverare exists in residential, industrial and commercial
areas because these areas are very difficult to enumerate
thoroughly. The effect of the undercoverage varies from one
survey 1item to another. For example, when a small farm is
not detected, the estimate of the number of farms is
affected more than the livestock estimates. The undercover-
age problem associated with the oren estimator can be illus-
trated by examining the estimetes for farm numbers. The
national open estimate for the number of farms from the 1983
JES was 2,7 percent below the official statistic, which was
more than eight standard errors below the official statis-
tic. Figure 1 1illustrates the undercoverage for the 31



Figure I:

states with at least 25,000 farms. These states contain
over 90 percent of the U.S. farms. This figure shows the
frequency distribution of the relative difference between
the 1983 JES open estimate and the official statistic for
the number of farms. VYNotice that the number of farms was
undercounted in 29 of the 31 states.

The distribution of the relative difference between the open estimate
and the official statistic for farm nurbers in the 31 states with at
least 25,000 farms; 1983 JES.
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(DY) Reporting Frrors: Data for the entire farm are suscep-
tible to reporting errors if the respondent is not knowledg-
able about the entire operation or does not understand the
survey concepts,e.g. reporting regardless of ownership. For
example, a small scale reinterview study in VYNebraska (6)
after the 1974 JFES found that 34.0 percent of the JES
responses for total acres operated, 28.0 percent for total
hogs and pigs, and 36.7 percent for total cattle and calves
were incorrect. Response errors associated with the report-
ing of hogs and cattle on the entire farm were also found in
2 three-state study in 1976 (21). Many of the reporting
errors associated with 1livestock have resulted because of
the failure to report all livestock on land operated regard-
less of ownership. Studies have shown (6,45) that the
respondents' inclination is to report only their own lives-
tock regardless of where the livestock are located.




{D5) Subjective Imputations: Then an enumerator encounters a
nonrespondent, visual inspection or observation is res-
tricted since the reporting unit is the total acres

operated, Therefore, the enumerator and office personnel
ofter have no current informatior about the entire opera-
tion. Tf data are imputed manually, as is the case with

SRR's grea frame surveys, the imputation process is gen-
erally very subjective and difficult,

(PRY Sensitive Nature of the Reporting Unit: The operator is
asked to provide data pertaining to the total land operated
not only for the open estimator, bit also for the weighted
and nultiple frame estimators that will be discussed later,
The suthor believes that operators are more reluctant or
nmore *ikely to refuse to supply information for their entire
operation than for only a part of their operation,

Continual efforts should be made to minimize the adverse
effects of these disadvantares, Association errors--
identifyving the wrong RAO's--result from data collection mis-
takes. As recommended by the 1982 panel studies (52), the JES
questionnzire should be redesigned to identify the operator as
early ac possible in the interview. This action might reduce
the number of association errors. Training schools and the
enumerztor's manual should emphasire why the correct identifi-
cation of FRAQ's is essential to the validity of the open esti-
nator, The 1982 panel studies alro revealed that enumerators
are confused on how to i1dentify the operator for complex
managenent structures such as corporations., These problems
need to be addressed in greater detail at the training schools
and in tke enumerator's manual.

Reportins errors often result because the respondent does not
understand the survey concepts, Tmportant concepts such as
why farnmers need to report all livestock regardless of owner-
ship should be emphasized to the nnumerators. In addition,
enumerators should be instructed to familiarize the respon-
dents with these concepts.

Segment canvassing procedures should be stressed at the train-
ing schools to address the undercoverage problem. FEnumerators
discussed during the panel studies the difficulties of detect-
ing small operations. Input stould be sought from the
enunerators on how to deal with this issue. Also, in non-
rural areas where undercounts are believed to be more pre-
valent, rcurrent screening procecdures should be reviewed.
Finally, some enumerators in the panel studies commented that
the questions used to detect multiple operations within the
same household are difficult for respondents to understand.
Tnput fror the enumerztors should btc sought to determine if
these cur ctions can be improved.

Missing entire farm data due to nonrespondents will always
exist and will affect the estirater if the imputed information

10



Closed

where

il

differs from reality. The operational imputation procedure
lacks uniformity not only across states but also within
states. Therefore, objective imputation methods should be
investigated. Research in this area began during the 1983 JES
in six states.

Finally, the lack of precision at the state level for the open
estimator can only be addressed by large increases in the
number of segments sampled. As long as budget restraints
limit the size of the sample, the open estimator will continue
to provide imprecise state estimates for most survey items.

The closed estimator requires that data be obtained from each
agricultural operation with 1land in a sampled segment. The
land within the segment associated with an operation is
referred to as a tract, and the operator of a tract is called
a tract operator. The reporting unit for the closed segment
approach 1is the tract acres operated. That is, the inferma-
tion reported by the tract operator pertains only to what is
in the tract, regardless of ownership. The closed estimate of
a total for a survey item is derived by: (1) adding the tract
data to the segment level, (2) nultiplying the segment total
by the expansion factor for the segment, and (3) adding the
expanded segment totals to obtain the estimate for the desired
inference level.

The formula for computing the state estimate of a total for a
survey item based on the closed estimator is:

R s Py Tyj
Y = I z z yf.k
d =1 j=1 -1 i]
fijk
T t..
ijk ¢ ijke if f,.k > 0,
2=1 HJ
if f = 0,

the number of tract operations in the kth segment, jth paper
stratum and ith land-use stratum,

the value of the survey item on the total tract acres operated
for the 2D tract operation in the kth segment, jth paper
stratum and ith land-use stratum,

1 and rij are defined the same as with the open estimator.

11



Pifficulties with the open estimator led to the use of the
closed estimator whenever it was possible for the reporting
unit to be the tract acres operated, There are numerous advan-
tares ncsociated with the closed segment approach. These are:

—

£1) cimplicity: The closed approach is generally less trou-
biranme for enumerators to apoly since the enumerators do
no- Yave to account for the ern*ire operation and do not have
to e poncerned with issues znch as determining whether the

oper«tor satisfies the headquarters rule,

(A”)Y Mot Affected Ty Association Frrors: The closed segment
arpron~h  avoids the issue of establishing the location of
the crerator's headguarters. Therefore, association errors,
whicrn affect the open estimztes, have no effect on the
closed estimates.

{A2Y Visual Verification: ®y cheerving the land associated
with +the tract, enumeratcors tcan detect gross response
er-rora. This advantage is unique to the closed segment
anoroach.

A1) Coverage Errors Minimized: The closed segment approach,
wn2re applicable, has proven tc be far superior to the open
anornaach with regard to coverare errors  (23). The closed
anproach avoids most of the ooverage problems caused by the
ambimuity of what is a farnm, tte unclear linkage between
onerators and farms, and the z-rounting of all operations,

(A%) Obgservable Data: The enumerator is in a position to
on-ain some tract information for nonrespondents by observ-
in* <he tract. Therefore, office personnel often are pro-
vided some information tc assist them with the data imputa-~

tions for nonrespondents. The quality of observed data
depends on the survey i1ltem. For examnple, accurate crop
arrcnres can be obtained by observation while livestock

insentories can be more difficuilt to observe and count.

{0~} Less Sensitive: The operator is only asked to report
for nart of the operation in most instances using the closed
apprnach. The author believes that respondents are 1less
relus-ant to provide the data nince the information does not
pertain to the entire operation. Also, if the operator 1is
nat wailable, surrogate responcents such as hired hands are
sometimes willing to provide th- tract data, but are either
unwilling or unable to provide data for the entire opera-
tion. Therefore, response rates are probably higher with
the ~losed segment approach,

(A7) 7ewer Peporting Errors: Tn the earliest years of area
frame research in SRS, it was concluded that livestock
inven-ories and especially crop acreages for the tract were
suszcentible to fewer reporting +rrors than the responses for
the “arm. Research durings 1971 in Mebraska (f) showed that




there were nore reporting errors for farm acres, farm cattle
and farm hogs than their corresponding tract values. A
reinterview study in Indiana, MNorth Carolina and 0Oklahoma
during 1976 (21) showed that there were nmnore reporting
errors associated with farm hopgs than tract hogs. The
results from these studies may not be applicable, however,
to all states. For example, in western states with range
areas, it is often difficult to associate livestock with the
tract. In these states, reporting errors for the tract night
exceed those for the farm.

(AB) Duplication Reduced: Duplication of data occurs when a
person provides data that should be reported by another
operation. Duplication is likely more pronounced in complex
management structures such as partnerships and landlord-
tenant arrangements. The closed segment approach is
believed to be affected the least by duplication since the
reporting unit is restricted to what is physically located
on the tract land rather than the entire operation.

(AQ) More Precise Than The Open Estimator: For characteris-
tics that are highly correlated with farmland, the closed
estimator provides large gains in precision over the open
estimator. Also, the closed segment approach imposes some
control over the maximum value of each survey item since the
reporting unit is the tract land operated. Therefore, fewer
large data values occur with the closed approach than the
open approach, Both of these factors--correlation and
reduction of large values--usually result 1in improved
precison for the closed estimator. For example, the closed
estimator provides much more precise estimates than the open
estimator for acreage items such as corn and soybean
acreages. The difference in the levels of precision between
the open and closed estimators is not as great for livestock
items since livestock are limited to a lesser degree by the
amount of land in the segment and are therefore less corre-
lated with farmland and more susceptible to large values.
The closed estimator provides greater increases in precision
over the open estimator for cattle than for hogs since many
cattle operations are relatively stable from tract to tract
while hog operations tend to be more concentrated,

As mentioned earlier, SRS uses only the closed segment
approach to provide national crop acirreage estimates. The
precision levels from the open and closed estimators can be
compared, however, for corn and soybean acreages using data
from a five-state research study conducted during the 1982
JES. Table 3 shows the C.V.,'s from each state and the five
states combined for the open and closed estimators. The
C.V.'s for corn and soybean acreages were much lower using
the closed segment approach. At the five state 1level, the
. C.V.'s for corn and soybeans were 6.4 and 6.7 percent,
respectively, for the open estimator compared with only 2.4
and 2.5 percent for the closed estimator.
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Table 3: The coefficient of variation from the open and closed estimators for
corn and soybean acreages; 1982 JES.

- Coefficient of Var . ation (%)
State ) Corn - Soybeans
Open Closed J Open Closed

Georgia 20.2 9.2 20.7 7.6
Indiana 1.0 3.2 10.6 4.5
Missouri R/ 8.4 4.4 4.7
North Carolina 17.9 7.6 21.3 6.9
Ohio 11.6 4.3 11.8 4.9
Five States 6.4 2.4 6.7 2.5

The levels of precision that are attained for major crops by
the closed method in the operatioral program are illustrated
in Table 4 for soybean and corn acreages from the 1983 JES.
The C.V7.'s are only presented for those states which account
for over 70 percent of the acrecare for each crop. The
C.V.'s were less than 10 percent in all states for soybeans
and in most states for corn. The C.V. at the national level
for botr crops was 1.3 percent, which is very precise. For
minor <crops that are naturally lecc correlated with farm-
land, the C.V.'s were nuch higher. For example, the natiocnal
C.V.'s from the 1963 JFS for ryec and peanut acreages were
7.0 and *.0 percent, respectively.

Table 4: The distributions of the coefficient of variation fron the closed estimator
for corn and soybean acreages for the major producing states; 1983 JES.

Coefficient - B
o Corn Soybeans
Variation for yoe
(%) Grain Beans

Nunber of States

¢5.0 7 6
5.0-6.5 3 4
6.6-8.1 2 2
8.2-9.7 2 5

>10.0 2 0
Total 16 17




The open and closed estimators can be compared for livestock
inventories wusing data from the operational program. The
precision of the estimates for total cattle and calves was
better for the closed estimator in 44 of the 48 states from
the 1983 JES. At the national level, the C.V. for total
cattle and calves was 2.3 percent for the open estimator
compared with 1.2 percent for the closed estimator. On the
other hand, the closed estimates for total hogs and pigs
were more precise than the open estimates in only 29 of the
48 states and the national C.V. was only reduced from 3.8 to
3.4 percent. Table 5 gives the distributions of the C.V.
for the closed estimator based on the 1983 JES for total
cattle and calves and total hogs and pigs for the same
states used in Tables 1 and 2. The C.V.'s for cattle were
much lower using the closed segment approach. The precision
levels for total hogs and pigs were not improved much by the
closed estimator so were still very imprecise at the state
level. For livestock items other than total inventory, the
C.V.'s were naturally higher.

Table 5: The distributions of the coefficient of variation fron the closed estimator
for total cattle and calves and total hogs and pigs for selected states;

1983 JES.
Coefficient
of Total Cattle Total Hogs
Variation and Calves and Pigs
(%)
Nurber of States

<5.0 3 0

5.0-9.9 22 2

10.0-19.9 3 14

20.0-29.9 0 7

2 30.0 0 0

Total 28 23

The disadvantages associated with the closed segment approach
are:

(D1) Restricted: Data cannot be obtained accurately on the
tract basis for many survey items. Therefore, it is imprac-
tical to use the closed segment approach for items such as
farm production expenditures and cattle deaths. For this
reason, SRS has only used the closed segment approach for
acreages and livestock inventories.

{D2) Generally Imprecise: Even though the closed estimator
has greater precision than the open estimator, the closed
estimates are often not precise at the state level. For
example, none of the C,V.'s for any cattle or hog items from
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the 10% DES were less than = percent in the multiple frame
states. Closed acreage estimates for major crops, however,
are often precise in the major producing states.

(D2 Prhoto Shortcomings: Response errors can result because
of problems associated with the aerial photographs.
Obsolete photos can make segments somewhat unrecognizable to
a respondent if the land has changed significantly over the
year«. Bad segment boundariez, e.g. a boundary cutting
through a corn field or range area, can also czuse reporting
mistakes,

(D4Y Data Collection Costs Higher Than The Open Approach:
The clcsed segment approach requires that information be
obtained for each operation with land in the sesgment while
the open approach only requires data for operations satisfy-
ing the headquarters rule. Therefore, roughly twice as many
interviews are required by the closed method. The closed
approach does provide some time :avings since tract data in
many :instances is easier to obtain than farm data and since
farrm operators who have no apgricultural activity in the
tract do not have to be interviewed. As mentioned earlier,
data ccllection costs increase roughly between 5 and 20 per-
cent Jdepending on the state when using the closed rather
than the open segment approach. For crop acreage and cattle
estimates, the closed approach is more efficient (precision
achieved for a fixed cost) than *he open approach in most
case:s. However, neither approszch is generally more effi-
cient for estimating hog numbers.

(D5' Unfamiliar Reporting Unit: "perators must acclimate
thenselves to the tract conoepi, which in many cases is
unfamiliar to them. If the enumcrators do not take the time
to ensure that each operator understands the tract boun-

daries, reporting errors may occur. For example, the
respondent must understand the -ract boundaries in order to
report accurately the number of nttle inside the tract or

with zocess to the tract.

Remedial measures are possible for the third disadvantage --
photo shortcomings. Obsolete aerial photographs will always
be a protliem if more recent photography 1is not available.
When new photography is available for a state, this photogra-
phy should be reviewed to determine if enough change has
occurred in the land composition for any segments to warrant
using “he new photography.

The weirhted segment approach reguires the following two
pieces of information for each tract operation in a sampled
segment: (1) data pertaining to the total land operated for
each survey item, and (2) the total tract and farm acreages
operated, which are used to proratn the entire farm data for
each survey item to a tract basi~, For example, if a farm
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where

Zi3ke

Yiike

"1k,

r

i3,

operator has 150 hogs located on his entire operation of 50
acres and operates 10 acres in the tract, then the weighted
value for the operation is: 150%¥10/50 = 30 hogs. The weighted
estimate is computed by: (1) adding the weighted values from
the tract operations to the segment level, (2) multiplying the
weighted segment data by the expansion factor for the segment,
and (3) adding the expanded weighted segment data to the
desired inference level such as the state.

The sample estimate of a total using the weighted estimator
can be expressed by the following formula for a given state:

R s Py Tyj
Y = Z Z Z y.’.k
w -1 =1 k=1 i]

Fijx Fijk

. z . - = .
eiJk aljki zljkl eljk Z wiJkl it fiJk > 0,
2=1 =1
if fijk = 0,
the weight for the gth agricultural operation with land in

the kth segment, jth paper stratum and ith land-use stratum.
This weight is the ratio of the total acres operated in the
tract to the total acres operated in the entire operation.
The sum of the weights over all segments for a given opera-
tion must be equal to one,

the value of the survey item on the total acres operated
for the oth operation with land in the kth segment, jth
paper stratum and ith land-use stratum,

. . th
the weighted value of the survey item for the 2%
operation with land in the kth segment, jth paper stratum and
ith l1and-use stratum,

p. s and fi’ are as previously defined.

s jk

The weighted estimator possesses the following advantages:

(A1) Improved Precision Over The Open And Closed Estimators:
The weighted segment approach imposes some control on the
maximum value of survey items by prorating the entire farm
data to a tract basis. This proration reduces the impact of
large farm responses that increase the variability of the
open estimates and reduces the influence of large tract
values that adversely affect the precision of the closed
estimates. Table 6 shows the C.V.'s for the three area
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frame estimators from the 1983 JI'S for total cattle and
calves and for total hogs and pigs in the ten states that
use these three estimators. In every instance the C.V. was
smallest for the weighted estimator.

Table 6: The coetfficient of variation fron the three area frare estimators
for totul =cattle and calves and total hogs and pigs in the 10
states; (933 JES.

Coefficient of Variation (%)
 Total Cattle and Calves Total Hogs and Pigs
State w—__C)pen Closed | Weighted Open Closed | Weighted
Georgia 12.0 9.4 7.2 12.1 12.0 9.8
[Ilinois 11.5 9.8 6.5 15.3 15.1 9.0
Indiana 10.3 10.1 7.0 11.2 11.9 7.9
[owa 6.8 6.1 4.1 8.7 7.9 5.6
Kansas 11.3 5.9 4.3 15.2 16.0 12.3
Minnesota 8.4 7.3 5.4 10.3 10.6 7.7
Missour i 10.5 5.6 4.1 16.8 15.2 8.4
Nebraska 8.4 5.6 4.2 1.3 10.6 8.7
North Carolina 12.5 8.9 6.5 12.6 7.4 5.2
Ohio 10.5 8.4 6.4 16.5 15.2 10.5
Ten States 3.5 2.3 1.7 h.5 4.2 2.8

For major crop acreage items, the weighted estimator gen-
erally provides only a slight increase in precision over the
closed estimator. For example, the C.V.'s for corn and soy-
bean =acreages at the five-state level from a research pro-
ject conducted during the 1082 IR were 2.4 and 2.5 percent
for the closed estimator and *.2 and 2.3 percent for the
weirhted estimator. If nonsampling errors are also con-
sidered, the closed estimator is rreferred over the weighted
estimator for estimating acreares such as corn and soybean
acres,

(AP) Yot Affected By Association 'rrors: The weighted seg-
ment approach, like the closed approach, avoids the problem
of establishing the farm headquar-ers.

(A?) Flexibility: The reporting urit for the weighted esti-
mator is the total acres operated. Therefore, like the open
estimator, the weirhted estimator can be used to estimate
for any agricultural item.

(Al)) Familiar Reporting Unit: Operators generally are fami-
liar with thinking in terms of their entire operation and
accustomed to reporting for their farm as a whole.
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The weighted estimator used by SES has several disadvantages
that can negate its advantages. These disadvantages are:

(D1) Biased Yeight: A reinterview study during 1976 in Indi-
ana, Oklahoma and MNorth C(Carclina showed that total land
operated, which is the denominator of the weight, was under-
reported by 3, 6 and 11 percent, respectively, in these
states (21). The major reason for these undercounts was the
operators!' failure to include land not actively in use such
as woodland and idleland. The effect of underreporting the
total acreage is to bias the weight and, therefore, the
weighted estimates, upward. Subsequent research (11,12)
supported the assertion that the weighted estimates were
biased upward for acreage and livestock items. Also,
research in 1982 showed that the bias was more pronounced in
states where a large percentage of the farmland is devoted
to noncropland (11). Other evidence that noncropland causes
the weiphted estimates to be biased is shown in Figure 2 for
the 10 states that compute weighted estimates. This figure
shows that as the percentarse of noncropland in a state
increases, the difference between the weirhted and open
estimates for the number of farms also increases. nf
course, the open estimator may have its own biases so Figure
2 does not necessarily prove the weighted estimator is
biased. However, coupled with the findings from the various
research projects (11,12,21), Figure 2 gives a strons indi-
cation that the upward bias in the weirhts is related to the
omission of noncropland when farmers report their total
land.

Figure 2: The ratio of the weighted estimates to the open estimates for nurmber
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(D2) Peporting Errors: The weighted segment approach is
affecte! by the reporting errors cited earlier for the open
appronch such as errors in reportin~ cattle on the total
land operated. In addition, the weipghted approach is sus-
ceptibla to errors associated with the weight. For example,
if the total acreage in the trant is reported erroneously,
then the weight is affected. A reinterview study in 1981
showed that the responses for entire farm acres--the denomi-
nator of the weight-- differed between the JES and reinter-
vieu for 6AQ percent of the operations in the three states
evaluacted (33). Other studies (6,21) have also shown that
the entire farm acreage 1is not obtained accurately.
Fnumerators in the 1982 panel studies (52) claimed that
entir=s farm acreage was one c¢f the most difficult items to
obtain nccurately on the JES5 cuestionnaire.

{D3) rfoverage Frrors: The weighted estimator, like the open
estimatnr, 1is affected by covernagre problems such as under-
countinr operations in commercial, residential and indus-
trial areas, not detecting small farms and overlooking mul-
tiple land operations in the same household. However, cov-
erarpe corrors are believed to have 1less effect on the
weigh“cd cstimates than the open cctimates.

(D4) 'ore Expensive Than The Cpen And Closed Approaches: The
weighted segment approach not only requires that entire farn
data hc obtained for each survey item from each operation
with 1and din a sample segment, but also requires that the
total tract and farr acreages be collected in order to com-
pute the weight for each operation. Therefore, data collec-
tion costs are highest for the weighted segment approach.
As stated earlier, the costs acceciated with the weighted
segment approach are roughly % to ”? percent higher than the
open approach depending on thr state. Compared to the
closed ~erment approach, the data collection costs from the
weighted approach are only marginally higher. For a given
cost, the weighted estimator is more efficient than the open
estimator for livestock and acrearse items and more efficient
than th- closed estimator for livestock items. Research with
major ~rop acreages has indicated that the efficiency is
about the same for the weighted and rlosed estimators for
acreares such as corn and soybeanrs,

(D5) Subjective Imputations: '"hen a2 nonrespondent is encoun-
tered, visual observation of the survey items is restricted
since the reporting unit is the total land operated. This
problem wvas cited earlier as 1 disadvantage for the open
estimator. Tt is a greater disadvantage for the weighted
estimator since a value also has to be imputed for the
weigh*.

(DR) ot linderstood: Another cdisadvantage with the weighted
segment approach 1is this approach is often not understood.
In 1974, a survey concepts test administered to survey
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Multiple Frame

where
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f2ist

statisticians in SRS showed that only 69 percent knew that
the weipght in the weighted estimator was the ratio of tract
acres to farm acres (U4), Fnumerators are even more unin-
formed about the weighted segment approach. No mention is
made in the enumerator's manual that total land is used to
prorate farm data to a tract basis and that the accuracy of
the response for total land affects the livestock and number
of farms estimates. Therefore, enumerators ceannot
comprehend the importance of obtaining total land as accu-
rately as possible. The training schools and enumerator's
manual should include an explanation of the weighted
approach so that enumerators will understand its importance
and be motivated to obtain as accurate a response as possi-
ble.

The most serious problem with the weighted estimator is that
the underreporting of total acres causes the weiphted esti-
mates to be biased upward. Obviously, the questions currently
used to obtain the entire farm acreage are not working well.
Several enumerators in the 1982 panel studies (52) said they
reword the questions and ask them in a different sequence.
Input should be sought from enumerators on alternative
approaches to obtaining "total land operated™. Hopefully, the
questionnaire can be improved so that underreporting is minim-
ized. If the bias in the weighted estimates persists and this
bias varies from year to year so that the bias can not be
properly adjusted for in the time-trend charts, SRS should
consider using an alternative weight.

Multiple frame sampling in SRS uses two sampling frames -- an
area frame and a 1list frame. SRS employs mnultiple frame
methods to estimate livestock numbers, on-farm grain stocks,
farm production expenditures, farm labor, and acreages for a
few specialty crops. The screening estimator rather than the
full multiple frame estimator is used by SRS (5). The multi-
ple frame screening estimates are derived in the following
nanner, First, each operator identified in the area frame
sample is name-matched against the list frame. Next, the area
frame operators who were not found on the list frame are clas-
sified as nonoverlap. An estimate is then obtained for the
list frame and is added to the area frame nonoverlap estimate
to arrive at the multiple frame screening estimate. The open,
closed or weighted segment approach can be used to provide the
area frame nonoverlap estimate,

The sample estimate of a state total for a survey item based
on the screening estimator can be expressed in the following
notation for SRS's area and list frame designs:
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the value of the survey item for the ith list frame respondent
in list frame stratum h,

the expansion factor for list irame stratum h,
the number of respondents in list frame stratum h,
the number of list frame strata,
S p r,. h..
i 1j ijk
. e Lo
ijk ijk?
i=1 j=1 k=1 =1
2y if the open segment approach is used for the area frame
] nonoverlap,
fi'L if the closed or weighted approach is used for the area
J frame nonoverlap,
L. v .. and s are - previously defined
iiv, Cigk, Tij, " I 4 ’
;:‘L” if the ith agricultnral operation in segment k,
ijks . .
] paper stratum j and laad-use stratum i is classi-
= fied as nonoverlap wit'i the list frame,
i otherwise,
V'jL if the open segment approach is used,
Yk
ik if the closed segment approach is used,
PR if the weighted segment approach is used,
t. , and w,,, =~ are as previouslv defined.
171K le&,

SPT uses the open and weiphted rerment approaches to estimate
for +he nonoverlap domain. Tre open nonoverlap estimator is
utilized exclusively for curvevrs dealing with farm production
expenditures and farm labor while only the weighted nonoverlap
estimator is used for on-farm rrain stocks., The cattle multi-
ple frame profram, which invclves 2U states, uses the weighted
nonoverlap estimator in 28 states and the open nonoverlap
eotimator in £ states, The top nmultiple frame program uses
the weishted nonoverlap estimator in 13 states and the open
ronovaorlap estimator in 10 states,

mentioned earlier for the

The ~dvantages and disadvantarer



open and welighted estimators also affect the multiple frezme
estimates. The effect of the area frame component depends
upon how much the area frame ncnoverlap estimate contributes
to the multiple frame estimate. For example, the weighted
nonoverlap estimates in Ulew Mexico and Tennessee for total
cattle and calves from the 1982 DFS were 7.6 and U1.8 percent
of the multiple frame estimates,respectively. Therefore, the
various advantages and disadvantages associated with the
weirhted estimator have negligible impact on the multiple
frame estimates in Vew 'lexico, but play an important role in
Tennessee.

Multiple frame estimation possesses some distinct advantares
that have 1led SRS to employ this approach instead of or in
addition to area frame methods alone. These advantapes are:

(A1) Most Efficient: For a given cost, the multiple frame
approach yields more precise estimnates than any of the area
frame estimators for many survey 1items such as 1livestock
inventories because of two factors. First, the 1list frame
is capable of providing more precision than the area franme,
especially if some measure of size is available for a vari-
able related to the survey items that can be used to stra-
tify the 1list frame efficiently. The area frame is often
not stratified specifically for the items of interest, and
therefore 1is not designed to estimate with a high degree of
precision items such as livestock numbers and minor crop
acreages unless an unreasonably large sample is selected.
The second factor contributing to the efficiency of the nul-
tiple frame approach is that list frame data can be obtained
at less expense than area frame data. The area frame
requires that each operator be located and personally inter-
viewed while data from the list frame sample can be obtained
using a combination of mail, telephone and personal inter-
views. However, if the questionnaire for the list frame is
complex, nonsampling error considerations may restrict or
eliminate the use of mail and telephone interviewing.

The precision of the multiple frame livestock estimator is
illustrated in Table 7. This table compares the C.V.'s from
the multiple frame estimator with the most precise area
frame estimator--the weighted estimator--for total cattle
and calves and total hogs and pigs for states that compute
both estimators. The precision levels for hogs and pigs are
based on the 1983 JES while the levels for cattle pertain to
the 1982 DFES since multiple frame cattle estimates are no
longer generated in conjunction with the JES, In every
instance, the nmnultiple frame estimate was at least as pre-
cise as the weighted estimate.

The multiple frame livestock estimator is generally nuch
more precise than the open and closed livestock estimators.
This statement is supported by Table P which compares the
distributions of the C.V. from the open, closed and multiple
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frame livestock estimators based on the 1982 DES, For the
estimate of total cattle and calves, ?1 of the 28 states had
a C.V, less than 5 percent using the multiple frame estima-
tor while the open and closed estimates were never that pre-
cise. Tor total hogs and pigs, only one state had a C.V.
less than 10 percent based on the open and closed estimators
compare? with 12 states for the multiple frame estimator.

Table 7: The coefficient of variation fromthe weighted andnultiple frame estimators
for total cattle and calves and total hogs and pigs in the 10 states.

Coefficient of Variation (%)

Total Cattle and Calves 1/ Total Hogs and Pigs 2/

State Weighted Multiple Weighted Multiple

Frame Frame
Georgia 7.5 4.7 9.8 7.9
[llinois 9.2 4.7 9.0 3.8
Indiana 7.7 4.3 7.9 4.5
ITowa 5.6 3.1 3.6 3.4
Kansas 4.8 3.2 12.3 5.7
Minnesota 6.3 3.8 7.7 6.4
Missouri 6.3 4.1 A 6.8
Nebraska 8.3 8.1 &7 b.5
North Carolina 3/ - -- 5.2 5.2
Ohio B 6.9 4.4 10.5 7.8
Ten States 2.6 2.0 2.8 1.7
1/ 1982 DES 2/ 1983 JES

3/ Multiple frame cattle estinates are not generated in North Carolina.

Table 8: The distributions of the coefficient of variation for the open, closed
and multiple frame estimators for total cattle and calves and total hogs

and pigs; 1982 DES.

Total Cattle and Calves Total Hogs and Pigs 1/
Coefficient L o '
of Open Closed Multiple Open Closed Multiple
Variation Frame Frame
(o)
Nurber of States
¢5.0 0 0 21 0 0 5
5.0-9.9 6 L7 7 1 1 7
10.0-19.9 22 10 0 14 15 9
2 20.0 0 I 0 6 5 0
Total 28 23 28 21 21 21
1/ Only 21 éf the 23 multiple frame hog states are Inc luded since two of the states

were not multiple frare states in 1982.
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Although the multiple frame livestock estimator 1is more
efficient than the area frame livestock estimators, it is
not known how the efficiency of a multiple frame acreage
apprecach would compare with the operational closed acreage
approach for major crop acreages. Fven if the nmultiple
frame acreage approach is more efficient, nonsampling error
considerations could make the closed segment approach more
desirable for major crop acreages.

(A2) Flexibility: The reporting unit is the total land
operated for all rwultiple frame surveys that SRS conducts.
Therefore, the multiple frame approach, like the open and
veighted approaches, can be used to estimate for any agri-
cul tural item.

(A3) Familiar Reporting Unit: Another characteristic shared
by the open, weighted and multiple frame approaches is that
the reporting unit is familiar to farmers since they are
generally accustomed to thinking in terms of their farm as a
whole,

(A4) Imputation Simplified: As mentioned earlier, the manual
imputation process for area frame nonrespondents that is
used by SRS for the open and weighted approaches 1is often
subjective and difficult. On the other hand, statisticians
do not manually impute data for nonrespondents from the list
frame. Instead, the expansion factor for each stratum with
any nonrespondents is adjusted by the computer program.
Therefore, the imputation procedure is easier for the office
personnel.

Ffforts to improve the precision of the estimates often 1lead
to a more complex survey design and estimation procedure such
as the multiple frame approach. The added complexity can
create situations that may increase nonsampling errors. A
multiple frame approach usually has more potential for nonsam-
pling errors than a single frame approach because of errors
peculiar to each frame as well as errors that result from com-
bining the frames (3). The disadvantages of the multiple
frame approach are:

(D1) Domain Determinations: The process of classifying each
operation from the area frame sample into either the overlap
or nonoverlap domain is generally considered the most diffi-
cult task to execute correctly. Factors such as incomplete
name and address information, incorrect spellings of names,
the use of nicknames, nonperson names and names generated
primarily for legal purposes, and the existence of complex
management structures lead to problems with matching names
correctly between the area and list frames. Also, confusion
concerning what constitutes a partnership may result in
joint land operations being treated as individual cperations
qnd vice versa, which can affect the domain determinations.
Studies by SRS have provided ample evidence that errors

25



occur with domain determinations that can bias the multiple
frame estimates (22,48,49),

(D2) Possible Loss of Frame Independence: The area frame
sample 1is used to estimate the incompleteness of the list
frame. Therefore, the area and list frames must be kept
independent (50). If area frame information is used to
update the list frame, bias will be injected into the multi-
ple frame estimates. PResearch ctudies have indicated that
the frames possibly were not being maintained independently
(3). For example, a study during 1975 showed that the size
of the nonoverlap domain decreasec “he longer the operations
from the area frame were in thc sample, thereby implying
either that area frame information was used to update the
list frame or that the domain determinations were not done
accurately when new segments werc rotated into the sample
(13).

(ND3) Riased Downward: The imputation procedure employed by
SRS for 1list frame nonrespondents assumes that nonrespon-
dents in a given stratum are like <he respondents 1in the
same atratum., A study in 1977 discovered that multiple
frame livestock estimates are fgenerally biased downward
because nonrespondents from the lis® frame tend to have more
livestock than respondents (1R). Subnsequent research identi-
fied a 7 to 6 percent downward bias in the list frame lives-
tock estimates due to the current imputation procedure
(9,10). This bias occurred because the percent of nonrespon-
dents havinpg livestock (h3 percent) was much larger than the
percent of respondents having livestock (28 percent).

{DY4) Reporting Errors: As mentioned earlier, research has
shown that farmers frequently make errors when reporting for
their entire operation. Therefore, multiple frame esti-
mates, 1like the area frame estimates, are susceptible to
reporting errors. Reporting errors may be more pronounced
for nmultiple frame surveys due to the various data collec-
tion methods used. For example, survey concepts are more
difficult to convey by mail. A study in Yyoming during 1973
found that questionnaires returned by mail required more
editing than those by telephone and personal interviews
(7). A~lso, SRS does not train telephone interviewers as
thoroughly as personal interviewers, which may result in
more data errors.

(D) List Frame Deficiencies: The coverape provided by the
list frame deteriorates rapidly with time as does the accu-
racy of the control data used for stratification. There-
fore, if the list frame is not cortinually updated, the mul-
tiple frame approach loses efficiency., The 1list frame often
contains misleading information about joint operations which
causes errors in estimation (A). Duplication of responses
is ~alsc believed to be a more serious problem with the list
frame than with the area frame. Finally, the association of
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the sanmpling unit with the reporting unit is prone to more
errors for the list frame than the area frame (3).

The harmful effects of nonsampling errors on the nultiple
frame estimates can be reduced. l!Nonsampling errors associated
with domain determinations can possibly be decreased by reduc-
ing the size of the list frame. Research has shown that the
size of the list frame can be drastically decreased with 1lit-
tle change 1in the precision of the multiple frame estimates
(7,51). Reducing the size of the list frame simplifies the
name-natching process. SRS has recently implemented a
reduced list frame concept in a few states. Efforts should
continue in the area of optimizing the size of the list frame.

A procedure was devised in 1978 to reduce the downward bias in
the multiple frame estimates caused by nonrespondents (10).
Although SRS computes livestock estimates based on this pro-
cedure, these estimates have not been integrated into the
operational program. These estimates should be used when set-
ting the official statistics.

A considerable amount of the data from the list frame sample
is obtained by telephone interviews. For example, about A0
percent of the livestock interviews are completed by tele-
phone. The Long~-Range Planning Group recommended that spe-
cialized training be developed for telephone interviewers to
improve their skills (1). This training should decrease the
number of reporting errors. Alsc, the use of computer-
assisted telephone interviews (CATI) has great potential for
minimizing response errors through on-line data comparisons
with current and historic survey data. Finally, an alterna-
tive design for the mail questionnaire should be explored in
an attempt to provide the operator a clearer presentation of
survey concepts such as "land operated"” and "regardless of
ownership" which are difficult to convey by mail.

One "very" important issue to be considered that affects the
gquality of the estimates from each of the four direct expan-
sion estimators is the complexity of the current survey pro-

cedures. For example, data on 1livestock inventories are
obtained for all four direct expansion estimators in some
states. Fnumerators and respondents are expected to under-

stand fully various survey concepts and be capable of supply-
ing accurate data for each concept. The more complex the sur-
vey procedures, the greater the potential for nonsampling
errors. Survey procedures would be simplified greatly if only
one estimator was needed for a survey item, thereby resulting
in fewer potential nonsampling errors. Therefore, SRS should
attempt to reduce the number of estimators used in order to
simplify the survey procedures for the enumerators and respon-
dents.
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'SF. QF THE
PSTIVATORS

Estimates from the four direct expansion estimators will be
compared with the official statistics ( revised through 1083)
for two important livestock survey items--total cattle and
calves and total hogs and pigs. Other pertinent survey items
such as crop acreapges, on-farr rrain stocks and farr produc-
tion expenditures were not evaluated since these items rely on
only onc direct expansion estinator. The purpose of the com-
parisons DJetween the livestock estimates and official statis-
tics is to ascertain how nuch eachk estimator is relied on or
used by RS, The "use" of the fcur livestocl estimators was
measured by:

(1) how 2lose the estimates have been to the official
statistics, and

{(?) how correlated the estimates hive been with the official
statistics.

The second criterion--correlation--will show which estimator
provides the most consistent relationship with the official
statistics in the time-trend charts used by SRS. Finally, the
estimates will also be reviewed to see if any of the estina-
tors have been consistently above or below the official
statistics when estimating livestocl inventories.

As mentioned by the Long-Ranpge Plarning Croup (1), a prede-
fined, documented and objective set of procedures are not used
to arrive at the official statistics. Therefore, there are
limitations when attempting to quantify analytically how much
SES relies on each estimator. Tor example, an estimate may be
close to the official statistic for a given year by coin-
cidence rather than by choice. Thus, the inferences 1in this
report ccncerning which estimators are used the most are open
to some criticism. It is important to point out at the outset
that the analysis in this section TS NOT TVALUATING 1ION GOOD
BACHT TSTI'ATOP TS since the official statisties are subject to
error. This point should be kept in mind when interprctinr
the results presented for the various estimators,

Cattle ectimates are generated from multiple and/or area frame
surveys semi-annually., Tn January, official statistics are
set based on these surveys for each state, for the 28 oripginal
nmultiple frame states combined, for the "other 20" states com-
bined and for the nation (Mf conterrinous states). Tn July,
official statistics are only made for the nation. The direct
expansion ecstimates will be compared with the official statis-
ties for each of these inference levels. State comparisons
between the estimates and official statistics will be res-
tricted Lo the 3% nultiple frame ccttle states, which contain
about 75 percent of the U,S. cattle.

Mo survevs are conducted quarterly fl!farch, June, September

and December). In March and September, official statistics are
set only For the 10 major hor producines states (known as the
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Cattle

quarterly hog states) and for these 10 states combined using
the multiple framne estimator., Both area and multiple frene
estimates are computed in December and June. 0Official statis-
tics are made for each state, for the 10 quarterly hof states
combined, for the "other U0" states combined and for the
nation in Necember. In June, official statistics are set for
each of the 10 gquarterly hog states, the 1N states combined,
the other I' states combined and the nation. The znalysis of
the hog estimators will be based on the December and June sur-
veys since both the area and multiple frame estimators are
penerated at these times. Analysis for individuzl states in
December will be restricted to the 23 nmultiple frame hor
states, which contain about 95 percent of the U.S, hors.

Comparisons between the official statistics and the various
direct expansion estimates for the 34 individual states wverc
made using Januarv data from 1978 to 1983, The states exanm-
ined first were the 19 nmultiple frame states that cormpute nul-
tiple frame (weighted nonoverlap), closed and open estimates,

Table ¢ shows the average absolute relative difference between
the official statistics and each of the direct expansion esti-
mates for each state. This difference measures hou close the
various estimates have been to the official statistics. In
every state, the rmultiple framne estineate was consistently much
closer to the official statistic than the closed and open
estinates. The multiple frame estimates were alwuays within X
percent of the official statistics while the closed estimates
were within ! percent in only one state and the open estinates
were hever within W percent. Clearly, the multiple frame
estimator is relied on very heavily by SRS for these states.
Overzll, the closed estimates were closer to the official
statistiecs than vere the open estirmeztes.

The relationship between the estimates and the official
statistics since 1978 has been the stronrest for the multiple
freme estimator in most states. The correlation coefficient
averaped .9 across the 19 states for the multiple frame esti-
mator bhut only about .5 for the closed and open estimnators.
Table 10 shows the distributions of the correlation coeffi-
cient for the three estirmators. !one of the coefficients were
below .5 for the nultiple frame estimatcr while more than half
of the states had correlation coefficients less then .6 for
the closed and open estinators. Therefore, the multiple frane
estimates were not only consistently the closest to the offi-
cial statistices, but were alsc best correlated with the offi-
cial statistics, therebv providings the best time-trend charts.

Finally, none of the estimators consistently provided esti-
mates above or below the official statistics for the 19
states., Vowever, the nultiple frame and closed estinates
tended to be zbove the official statistics, and the onen esti-
mates were fenerally below the official statisties.
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Table 9: The average absolute relative difference between each estimator and the official
statistics in January for total cattle and calves in the 19 states; 1978-1983.

Average Absolute Relative Difference (%) 1/

State Multiple

Frame Clused Open
Alabama 1.5 16.5 8.9
Arkansas 2.4 3.5 11.1
California 0.5 5.3 9.6
Colorado 2.7 5.7 13.7
Florida 3.3 2.8 9.2
Idaho 3.1 13.5 8.3
Kentucky 2.3 6.0 11.3
Missisippi 1.0 8.4 12.3
Montana 0.6 9.2 21.5
New Mexico 1.5 9.9 17.3
New York 3.8 1.1 6.5
North Dakota 1.9 4.9 6.2
Oklahoma 2.3 b.5 6.6
Pennsylvania 2.5 8.2 5.5
South Dakota 1.9 4.7 11.3
Tennessee 3.0 16.1 10.1
Texas 0.4 4.2 4.6
Wisconsin 3.6 7.6 9.3
Wyoming 2.8 9.9 18.4
Average 2.2 2.5 1.1

1/ Absolute Relative Difference = 100 * Absolute Value (Estimate-Official Statistic)
Official Statistic

Table 10: The distributions of the correlation coefficient in January for the three estimators
in the 19 states; 1978-1983.

Correlation Multiple
Coefficient Frame Closed Open
Numbér of States
>.9 13 2 2
.6-.9 6 7 7
£.6 0 10 10
Total BT Bt 19
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The next group of states reviewed generates all four direct
expansion estimates. The average absolute relative difference
between the estimates from each estimator and the official
statistics 1is given in Table 11 for each state. The nultiple
frame estimates (weighted nonoverlap) were closest to the
official statistics in 5 of the 9 states. However, in two of
the states where the multiple frame estimates were not the
closest--Illinois and Jowa--the correlation coefficients
between the multiple frame estimates and official statistics
were very high (.88 in Illinois and .97 in Jowa), implying
that the rnultiple frame estimator is also heavily relied upon
by SRS for these two states. In fact, the relationship
between the estimates and the official statistics was the most
stable overall for the nmultiple frame estimator as illustrated
in Table 12. The average of the correlation coefficients
across the nine states was over .8 for the nultiple frame
estimator compared with about .6 for the area frame estima-
tors. Finally, the closed and open estimates were neither
consistently above nor below the official statistics in the @
states. On the other hand, the multiple frame estimates were
generally below and the weighted estimates usually above the
official statistics.

Table 11l: The average absolute relative difference between each estimator and the

official statistics in January for total cattle and calves in the 9 states; 1978-

1983.

Average Absolute Relative Difference (%)
State Multiple
Frame Closed Open Weighted

Georgia 4.1 10.7 5.6 23.7 1/
Illinois 6.8 4.0 7.4 4.8
Indiana 3.1 7.4 3.6 9.6
lowa 6.5 5.7 4.5 5.2
Kansas 3.8 6.6 11.2 5.2
Minnesota 2.1 1.8 5.4 5.8
Missouri 1.5 6.9 7.3 3.6
Nebraska 1.1 5.3 4.1 8.9
Ohio 4.4 5.6 8.5 3.0
Average 3.7 6.0 7.0 7.8

1/ Data for only 3 years available in Georgia for the weighted estimator. The high
average absolute relative difference resulted because the absolute relative difference
is 1982 was 54.1 percent.
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Table 12: The distributions of the correlation coefficient in January for the four
estimators in the 9 states; 1978-1933.
Correlation Multiple
Coefficient Frame Closed Open Weighted
o Number of States

>.9 4 0 l 0

.6-.9 4 4 3 6

.6 1 5 5 3

Total 9 9 9 9

The final group of multiple frame cattle states--Arizona,
Louisiana, ichigan, Oreson, Virginia and “ashington--
currently relies on the nultiple frame (open nonoverlap),
closed and open estimators in January. These three estimators
were integrated into the estimation program 1in Louisiana,
Michigan and Virginia during the 1982 DFS and in the other

three states durings the 193 DFS. Therefore, historic com-
pari=ons of the three estimators with the official statistics
are not available for these states, Tt is worth noting that

the C.V.,'s from the closed and open estimators for total cat-
tle and calves from the 19f2 DFES in Louisiana, Michigan and
Virginia were 1n double-digits. Therefore, the closed and
open cstimates in these states will probably fluctuate quite a
bit from year to year, thereby making time trends difficult to
recornize. In these same states, the area frame nonoverlap
estimates accounted for abocut half{ of the multiple frame esti-
mates, which was the highest percentage of all multiple frame
states. This caused the C.V.'s from the multiple frame esti-
mator to be higher than desirable in these states (9.2 percent
in Virginia, 9.6 percent in ‘!ichigan and 9.8 percent in
Louisiana). Therefore, the multiple frame estimator may not
be relied on as much in thesc states in the future as it has
been in the original 28 multiple “rame states.

Hext, the January estimates and official statistics were com-
pared for the 28 original nultiple frame states combined and
for the other 20 states combined. The 28 states generate mul-
tiple frame, open and closed estimates. The other 20 states
only use the open and closed estimates., Figure 3 shows graphi-
cally the estimates and official statistics since 1978,

For the 2?8 multiple frame states czombined, which contain about
A0 percent of the U.S, cattle, Figure 3 shows that the multi-
ple frame estimates have historically been the closest to the
official statistics. The closed estimates have always been
higher than the official statistics while the open estimates
have teen far below the official statistics (except 1981).
The rultiple frame and closed estimates have been well corre-
lated with the official statistics since 1978. The open esti-
nmates have followed a similar curve except for 1981. There-~
fore, although the 1levels from the estimators differ, they
tend to move in a similar manner from year to year. Under the
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Figure 3:

assumption that the official statistics are correct, Figure 3
suppests that consistent factors, namely, nonsampling errors,
separate the lines. The curulative effect of the nonsanpling
errors results in an averasec relative difference between the
estimates and official statistics of ~4.1 percent for the
open, ?.3 percent for the closed and 0.3 percent for the nul-
tiple frame estimator at the 28& state level. The nerative
relative difference for the open estimator seems to confirm
the undercoverage problem cited earlier. The reason why the
closed estimates have been higher than the official statistics
is not apparent. Possibly, there 1is 2a tendency for farm
operators to report more cattle than are physically loczated in
or have access to the tract. Finally, the closed estimates
may be consistently higher than the multiple frame and open
estimates because of the different methods of imputing for
nonrespondents. As mentioned earlier, nonresponse imputations
are more accurate for the closed serment approach than the
nultiple frame, open and weipghted approaches.

Figure 3 shows that the closed estimates were always higher
than the open estimates for the other 20 states combined,
which contain about 10 percent of the U.S. cattle. The closed
estimates were always higher than the official statisties
while the open estimates have been close to and neither con-
sistently above nor below the official statistics. DBoth esti-
mators have been well correlated with the official statistics
in the time-trend charts. Contrary to the pattern for the 28
states combined, SRS has followed the open estimator more than
the closed estimator for the other 20 states combined.

The direct expansion estimates and official statistics for total cattle and
calves in January for the 28 multiple frame states and the other 20 states;

1978-1983.
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Finally, the national estimates were compared with the offi-
cial =statisties in January and July. Two points are worth
mentioring about the July cattle estimation progran. First,
the nmultiple frame approach terminated in 1982 due to
budret cuts. Therefore, comparisons between the multiple
frame estimates and official statistics in July are restricted
to 1972-1981, Second, weighted cattle estimates are presently
generated 1in 10 states even though no official statistics are
made at the state level in July. Therefore, the weighted cat-
tle =stimates serve no official purpose in July.

a
was

Figure 4 summarizes the comparizons between each of the three
estimators and the official statistics at the national level
(the 1% conterminous states). The multiple frame estimates
are not "pure" multiple frame cstimates since the multiple
frame approach is not used in every state. The multiple frame
estimates shown in Figure Y are based on the multiple frame
estinates from the 28 original multiple frame states and the
open estimates from the remaining 20 states. Figure U4 shows
that the closed estimates have always been higher than the
official statistics while the cpen estimates have been below
the official statistics. Again, the multiple frame estimates
have been consistently the closest to the official statistics.
In July, the closed estimates have been much <closer to the
official statisties than the open estimates. Finally, all
three estimators are well correlated with the official statis-
tiecs in the national charts, indicating again that although
the estimates are different, the estimates of change are rela-
tively stable from one year to the next.

Figure 4: The direct expansion estimates and official statistics for total cattle and calves
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Hogs

In summary, SRS relies on the multiple frame cattle estimator
more than the area frame cattle estimators. At each inference
level--state, 28 states combined and national-- the multiple
frame estimates were the closest to the official statistics.
Also, at the state level, the relationship between the esti-
mates and official statistics in most states was the best for
the multiple frame estimates. Uhen the states are combined, a
strong relationship exists between the official statistics and
each estimator. Finally, none of the area frame estimators
performed consistently better than the other area frame esti-
mators., Overall, however, SRS has relied on the closed esti-
mator slightly more than the open estimator.

The direct expansion estimates and official statistics for
total hogs and pigs were compared using data in December from
1978 to 1982 and in June from 1978 to 1983. Comparisons
between each estimator and the official statistics were made
for each inference level cited earlier, namely, each of the 23
major hog producing states, the 10 quarterly hog states com-
bined, the "other 40" states combined and the nation,

The first group of states examined was the 10 quarterly hog
states, which contain over three-fourths of the U.S. hogs.
The average absolute relative difference, which measures how
close the estimates have been to the official statisties, is
given in Table 13 for each state. This table shows that the
nmultiple frame estimates {(weighted nonoverlap) were closest to
the official estimates in all states except Illinois and TIowa
where the weighted estimates were closest. The percentage of
noncropland associated with farmland in Tllinois and JIowa is
the smallest of all the quarterly states. The bias in the
weighted estimates in these two states is believed to be
negligible since the bias-causing component--noncropland--is
small [11]. Therefore, it is not surprising that the weighted
estimates have been close to the official statistics in I11i-
nois and Towa. Of the area frame estimators, the weighted
estimates were closer to the official statistics in most
states than either the open or closed estimates.

The correlation between the estimates and official statistics
in the 10 states was the strongest for the multiple frame
estimator as shown in Table 14, The average correlation coef-
ficient for the multiple frame estimator was .95 for the 10
states. Also, the correlation from the time-trend charts was
the highest for the multiple frame estimator in Illinois and
Jowa, the only two states where the multiple frame estimates
were not the closest to the official statistics. Therefore,
based on the two c¢riteria-~closeness and correlation--SRS
relies on the nmultiple frame hog estimator much more than the
area frame estimators for the 10 quarterly hog states. The
weipghted estimator is used the most of the three area frane
estimators. Finally, none of the estimators consistently pro-
vided estimates above or below the official statistics in the

35



10 States. However, the multiple frame hog estimates have gen-
erally been lower than the offircial statistics,

Table 13: The average absolute relative difference between each estimator and the
official statistics for total hogs and pigs in the 10 quarterly hog states; 1978-

June 1983.
Average Absolute Relative Difference (%)

State Survey Multiple
Frame Weighted 1/ Closed Open
Georgia December 2.0 6.4 7.6 15.2
June 2.0 6.3 18.6 11.2
Illinois December 5.4 2.9 6.7 8.8
June bh.6 4.l 9.5 12.6
Indiana December 3.6 9.0 16.1 9.2
June 3.8 9.9 20.7 12.8
lowa December 2.6 3.2 5.2 5.1
June 4.7 2.0 3.8 6.4
Kansas December 4.9 7.4 15.3 19.8
June 3.9 8.8 8.2 17.8
Minnesota December 1.9 9.1 7.2 3.4
June 2.5 7.6 8.0 7.8
Missouri December 3.6 3.7 4.5 6.0
June 3.0 4.8 7.8 6.2
Nebraska December 4.0 4.3 7.4 14.8
June 8.3 11.6 12.4 11.0
North Carolina Deceinber 1.1 2.0 l4.5 8.3
June 1.7 3.3 8.1 7.3
Ohio December 3.0 5.4 11.6 8.3
June 3.5 3.5 20.6 10.1
Average 3.5 6.3 11.2 10.1

1/ Data for weighted estimates only available in 1981 and 1982 from the DES for Georgia and
North Carolina, in 1979, 1981, 1982 and 1983 from the 1CS for Georgia and from the 1981 to
1983 JES for North Carolina.

Table '4: The distributions of the correlation coefficient for the four estimators in the 1N
quarterly hog states; 1978-June 1983,

Correlation Mul—tlple
Coefficient Frame Closed Open Weighted 1/
: - NUmt;er of States _
>, G 18 3 4 7
.6-.9 2 9 9 6
Coh 0 8 7 3
Total T 206 20 s

1/ Exciudes correlation coefficients based on fewer than 5 observations.
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Three estimators--nultiple frame (weighted nonoverlap), closed
and open--are used 1in Kentucky, South Dakota and '"isconsin
during December. The average absolute relative difference
between the hog estimates and official statistics is shown in
Table 15 for each estimator. JIn Socuth Dakota and "isconsin,
the multiple frame estimates were not only very close to (gen-
erally below) the official statistics, but also have been
almost perfectly correlated with the official statistics
{correlation coefficent = .99), Yone of the estimators per-
forms consistently well in Fentucky. The larce contribution
to the multiple frame estimates from the area frame nonoverlap
domain (40 percent in 1982) may be causing the multiple frame
estimates to be unstable.

Table 15: The average absolute relative difference between each estimator and the official
statistics in December for total hogs and pigs in the 3 states; 1978-1982.

Average Absolute Relative Difterence (%)

State | Multiple
Frame Closed Open
Kentucky 12.5 15.2 10.6
South Dakota 2.4 11.0 6.1
Wisconsin l.1 9.6 7.0

The last ten rnultiple frame states currently rely on the mul-
tiple frame (open nonoverlap), closed and open estimators in
December. Fight of the states began using all three of these
estimators in 1982 while the remaining two states started in
1983, 1listoriec information on all three estimators is there-
fore not available in these states for comparison with the
official statistics. Inspection of the estimates from 1982 in
the eight states (see Table 16) revealed that the closed and
open estimates were very imprecise so these estimators are not
expected to be useful. The multiple frame estimates were nuch
more precise, but not as precise as the multiple frame esti-
mates in the states discussed earlier.
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Table 16: The coetficient of variation from each estimator for total hogs and pigs in
the 8 states; 1932 DES.

Coefficient of Variation (%)

State Multiple

Frame Closed Open
Alabama 14.8 25.6 25.8
Michigan 13.1 19.1 19.6
Mississippi 14.3 43.8 43.5
Oklahoma 11.9 25.3 22.9
Pennsylvania 18.2 21.5 52.5
South Carolina 11.8 18.7 18.9
Texas 5.1 16.4 12.6
Virginia 16.5 87.0 22.6
Average 13.2 32.2 27.3

The final comparisons of the ectirates with the official
statistics were made for the following inference levels--the
10 quarterly states combined, the cother 40 states combined and
the nation. Four points are worth mentioning concerning these
comparisons:

(1) "mly the multiple frame, clo=ed and open estimates were
compared with the official statist:cs at the 10 state level.
SRS does not use the weighted estimates in the time-trend
charts since weighted estimates have only been renerated in
all ten states since 19R81. Therefore, the weirhted estimator
was not included in the analysis.

(2} "nly the closed and open cstimttors are available for
corparisons pertaininf to the other IN states conbined.

(3) The JES and DrS estimates from the 3£ states conmbined
are used to set the official ztatisties for 10 states, and
the estimates from the UF conterminous states combined are
used to set the official statistics for S0 states. There-
fore, the hop estimates at these inference levels should be
slirhtly below the official statistics.

(4) As is the case with the cattle program, the national
multiple frame hop estirates arec based on both the nmultiple
frarme and open estimators. Tn June, the national nultiple
frarme ecxtimates include multiple frame estimates from the 1N
quarterty hog states and open estirates from the remaining
38 states. In Decenber, multiple frarme estimates from 23
states are available for the national rmultiple frame esti-
nates.
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Figure 5 shows how the estimates from each estimator compare
to the official statistics in December and June for each
inference level. All three estimators are highly correlated
with the official statistics, as can be seen by the similar
pattern of the lines in the figures.

The multiple frame estimates were consistently below the offi-
cial statistics for the 10 quarterly states combined. Under
the assumption that the official statistics are correct, the
average relative difference of -2.9 percent between the multi-
ple frame estimates and the official statistics may be caused
by the current nonresponse imputation method, which has been
shown to be biased downward. The closed hog estimates have
usuyally been higher than the official statistics in December
foq_the 10 quarterly states, the other 40 states combined and
the nation. Recall that the closed cattle estimates were also
higher than the official statisties. To the contrary, the
closed hog estimates in June tend to be slightly below the
official statisties (about 1 percent). Finally, the open
estimates have been higher than the official statistics for
the 10 states combined and the nation. This pattern is con-
trary to the behavior of the open estimator for cattle.

The average absolute relative difference between the estimates
and official statistics is given in Table 17 for each infer-
ence level, The multiple frame estimates were closest to the
official statistics in December while the closed estimates
have been the closest in June.

Summarizing the analysis for total hogs and pigs, SRS relies
on the multiple frame estimator the most of the four direct
expansion estimators. The weighted estimator is used more
than the closed and open for the state statisties in the 10
quarterly hog states. Overall, SRS uses the closed estimator
more than the open estimator.
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Figure 5:
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Table 17: The average absolute relative difference between each estimator and the
official statistics for total hogs and pigs when the states are combined; 1978-
June 1983.
Average Absolute Relative Difference (%)
Inference Multiple
Level Survey Frame Closed Open
10 Quarterly December 2.2 3.5 4.7
States June 3.5 1.3 3.8
Other 40 December Not 9.8 2.9
States June Applicable 1.3 1.7
National December 1.5 3.0 3.9
June 3.2 1.1 2.6
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COMCLNISTONS AND The discussions in this report of the advantages and disadvan-
RPCOMHMENDATIONS tares of each estimator can be summarized as follows:

(1) The disadvantages of the open estimator outweigh the
advantages. In most statecs, open estimates are too impre-
~ize to provide stable estimates from year to year.

(2) The closed estimator is srenerally nore precise and sub-
Jject to fewer nonsampline errcors than the open estirator.
'mfcrtunately, closed estimaftes are also unstable at the
state level for livestock irventories. The benefits of the
closed estimator are most pronnunced when estimating crop
acreages, For crop acreages such as corn and soybean acres,
the closed estimator is csuparior to the open and weighted
estimators.

(?) The major advantage of Lhe weighted estimator over the
open and  closed estimator: iz that weighted estimates are
rore precise. lowever, this benefit can be negated by the
upward bias in the weighted estimates. This bias can be
serious in states where a considerable percentage of the
farmland is devoted to noncropland.

("Y The multiple frame lives‘cclk estimator is the rnost effi-
cient of all the estimators., However, the multiple frame
approach has the potential to increase nonsampling errors,
if rot executed properly. Aluso, the nonoverlap component is
susceptible to the nonsampling errors of the area frame
¢stinator wupon which it is based. For example, a multiple
frame crop acreage estimator would be more susceptible to
nonszmpling errors than the »losed estimator,

Mumerous suggestions are presented in this report for reducing
the nonsampling errors inherent in each estimator. These
surestions should be given serious consideration by SRS,

The comparisons of the livestonl estimates from the four esti-
nators with the official statistics showed that:

f1) 3PS uses the multiple freme livestock estimates much
more than the area frame estirates.

(2) The closed estimator is relied on slightly more than the
open and weiphted estinators for cattle while the weighted
estimator is used the rmost o the area frame estimators for

,
hoas.,

Rased on the three factors evaluated in this report for each
estimator, namely, the advantares, disadvantages and use, the
following changes are reconnended for estimating 1livestock
inventories:

(1) For states computing nultiple frame livestock estimates,
official statisties should be based very heavily or
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completely on the multiple frame estimates, Therefore,
there 1is no need to obtain, in addition, two or three area
frame estimates in each state toc estimate livestock inven-
tories. Area frame estimates for livestock inventories
should only be obtained for the nonoverlap domain.
Currently, the weighted and/or open segment approach is used
to estimate for the nonoverlap domain in a state. It is
reconmended that all multiple frame states use the same
estimator for the nonoverlap domain. It is further recom~
mended that the nonoverlap estimator be the closed or a
weighted estimator. The current weighted estimator 1is not
recomnended wuntil data collection procedures are developed
to eliminate or minimize the bias in this estimator.

(?) For non-riultiple frame states, which collectively con-
tain only a very small percentage of the U,S. livestock,
both the open and closed estimates are too imprecise and
unstable for setting official statistics at the state level.
Having two unstable estimates from the same sample does not
lead to better state statistics than can be obtained from
one estimator. Therefore, each non-multiple frame state
should be restricted to a single area frame estimator for
livestock inventories. This estimator should be the same
area frame estimator used for the nonoverlap estimates in
the multiple frame states. This action will simplify the
data collection procedures for enumerators and the interview
for farm operators, which should result in fewer nonsampling
errors associated with the estimates. If, on the other
hand, precise livestock estimates are needed in some or all
of the non-multiple frame states, then nmultiple freme
methods should be evaluated.

Finally, the following issues concerning the current livestock
estimation program should be addressed:

{1) Official cattle statistics are published only at the
national 1level in July. Therefore, the weirghted cattle
estimates obtained in 10 states during the JES should be
dropped since they serve no official purpose.

(?2) The time-trend charts for the 10 quarterly hogs states
combined should include the weighted estimate in the future
since the weighted hof, estimates were closer to the official
statisties than the open and closed estimates in most of
these states.

(3) Fstimates Division should evaluate the idea of making
optimal use of the nultiple frame estimates in the time-
trend charts when states are aggrepated. For exanple,
charts based on the 34 nmultiple frame cattle states rather
than just the 28 states should be explored. Also, charts
based on the 22 nmultiple frame hos states should be
evaluated.
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