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Abstract

The National Agricultural Statistical Sen'icc i I\'ASS) conducts
quarterly surveys for estimation of some primary comrnl)(:itics produced on
farms and ranches. The "ommodities often have highly -b'wed distributions
with a few farms producing very large amounts. NASS uses dual sampling
frames comprised of the list frame for efficient stratific;j'-iou aud the area
frame for estimation of Ow part (nonoverlap) of the )lOp' dation that is not
included in the list frame [3ecause the area frame SampliIll', proLabilities arc
relatively small, a few large observations in the nonovl'rlap :'ilmple can gn'atly
influence the usual direct expansion (DE) estimates for j>c'j>ulation totals.
The purpose of this study is to investigate modificat ions of the usual DE
estimators which could produce more efficient cstimatufs for the' NASS
quarterly surveys.

An empirical Bayes approach is used as a rnd hod for includiug
estimates from previous cpartcrly surveys to help stahilize the estilnate for the

current survey. Another approach is to right-censor tlw \"('ry large expanded
observations in the nonoverlap sample to produce a «'11:-,' Ir,·rJ direct expansion
(CDE) estimator. A hias (\(ljustment, formed as the :'atiu , f the DE and CDE

sums over the repeated surwys, is applied to the CDE ('sl irnator to produce
the adjusted censored direct expansion (ACDE) estimiitor. The e'mpirical
Bayes technique is then applied to the ACDE estimates. Tlw empirical Bayes

and censored estimates arc calculated for total hogs allt l pigs in the nine

* Dr. Thomas and Mr. VilOOllsri are with Oregon State Cl;lversity.
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quarterly surveys: March 1987- March 1989 from Indiana, Iowa, and Ohio. A
bootstrap method is constructed to estimate and compare the biases, standard

errors, and root mean square errors (RMSE's) of the various estimators. Only
a slight reduction in RMSE resulted from censoring the very large expanded
observations in the nonoverlap sample. Application of the empirical Bayes
technique to either the DE or the ACDE estimators reduced the average
RMSE by about 10% in each of the three states.

The empirical Bayes technique is also applied to DE estimates,
including a component corresponding to large expanded values, from 33
quarterly surveys for the the major hog producing states. The Mean Absolute
Deviation (MAD) between the empirical Bayes and the most recent revised
board estimates over the surveys from all 10 states was found to he about 10%
smaller than the corresponding MAD between the DE and board estimates.
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Chapter 1

In trod uction

In agrinlltural sample surveys for commodities produced on farms and
ranches the populations are often highly skewed with a large number of small

values and a few very large values. Because of the highly skewed populations,
the National Agricultural Statistical Service (NASS) of the United States
Departnlf'nt of Agriculture (USDA) uses dual sampling frames: the list and
area frames. A desirable feature of the list frame is that most of its sampling
units (farm operators) have a relative measure of size for the items being
estimated, which can be used for efficient stratification. A disadvantage of the
list framc is that it is usually incomplete. Holland (1988) estimated that in
1988 the list frames included about 54 percent of the farms and 78 percent of
the farm land. The area frame is complete in that all farms have a known
positive probability of selection. A weakness of the area sampling frame is
that it is inefficient for estimation in skewed populations because SIze
information for the items is not available for most sampling units in this
frame. The area frame operators who are not in the list frame are classified as
nonoverlap. In tllf'ir quarterly surveys for estimation of population totals,
NASS uses a dual-frame direct expansion (DE) estimator which is formed as
the sum of DE estimators for the list frame and the area frame nonoverlap.

Typically the codficients of variation (CV's) are much larger for the
nonoverlap estimate than for the list estimate (see Table 3.2). Because of the
relatively large expansion factors, corresponding to small selection
probabilities, used in the area frame (see Tables 2.5 and 2.6), a few very large
observations in the nonoverlap (NOL) domain can greatly influence the
estimate of a population total. 'What to do about the influence of a few very
large observations on the estimates is a common and difficult question
confronting data analysts. Several modifications of the usual DE estimators

for totals / means have been made suggested.

Searls (1963) investigated a modification of the sample mean estimator
for skewed populations where the observations which exceed a specified cutoff
value, say c, are replaced by the cutoff value. In terms of estimation for the

total, X, of a population of size N, this estimator can be expressed as a
function of the ordered observations
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1l-f]1

X r-J ( '\- c x. + C In ) (1.1)··c 11 .~ 1 c
1-=1

whne mc denuks the ritlldoIll number of observations which an' larger thall

thc cutoff c. \\'c shall rd'er to (1.1) as the ccnso~:i_~~~:~t expansion (DE)

estimator since it dqwllds <>IIthe data only through thc information containcd

in a Tvpe I right censured sample: m , x , .. , , x . Ernst (1979) and- - c 1 n -fIl
C

Hidirogloll and Srinatll (10:31) investigate sevcral estiIlliiturs for populatioll

IIH'anS / tot als in whidJ t)[(' large obscrvat iOIlS awl/or r heir curresponding

expansion factors (codficiellrs) are shrunk. Ernst comp,ul'd the mean square

crrors (:\ISE's) of SC\"('ll ('stimators of the mean. iIl<luding X and the

('orresponding censored DE. ill the casp of random sampli llg from all infinite

popula t iun. He showed t ha t for each of the other six t'St ima tors therc is some

cutoff value e for which tlw ccnsored DE estimator lw.s smaller ~ISE. For

t'XilIllple, for random SalJlpk; of size n = 100 from ,lIl ('x!)(I!ll'ntial distributioIl

the MSE for X is 14 ex largcr than the 11SE for tIll' C('llsured DE estimator

with optimal cutpoint c, The l\ISE evaluations III 5t'in'ls (1963) for the

cxpOllen t ial dist ri 1mt iOll ~llUw that there is a gaill III dficicllcy over a wide

range of cut poin t values. Hmvever, if the eu tpoin t is ('hOSCIl too small the

n'd uet ion in the variaul'!' (om ponent of the :\ISE can he more than offset by

the illcrease in the biils component. Oehlert (1981) dC\'doped a raudom

average mude (nA~I) cstimator for the mean of a skeWl'd distribution and

compared its perfOl'lllilIJCe to that of X, trimmed nj('.\ns, and shrunkell

estimators. Comparisull of his MSE estimates with those reported by Searls

for sampling from an ('xjJow'Iltial distribution shows that the estimators

considered by Oehlnt cUt' (:omina ted by the ceIlso]'(·d D [ ('S tiIlla tor with a

rather widf' range of cutoff values. Huddleston (19G5) replaced the

ohservatiolls \vhich exc('ed (l specified cutoff value c I,y an estimate of

conditional expectation E( X I X > c). Huddleston applic(l his estimators to

several farm commodi t i('s, iucl uding tot al hogs awl pig,;, for the .June 1963
Enllmerati\'e Area fraIlit' sllrveys in several states. Fur estimation of the

condi tional expcct a tiOIlS, lit' 1),;ed parametric estimates forll It'd for Pareto and

Pearson Type III distrihllt iOBS and empirical estimatt's furult'd from repeated

.June area frame surveys wi thin each state. H ud(llest 1m concluded that his

ccnsored estimators are hiased and generally have smaller st iLlulanl errors thall

those for the DE estilllators. Johnson (1985) uscd all cmpirical Bayes

approach for including luforInation from preVIOUS sun'('Ys to improve the

estimation of wild waterfowl populations.
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In this report, empirical Bayes and censoring approaches are developed

and evaluated for estimation of total hogs and pigs at the state level. First,
the NASS survey designs, the DE estimators, and the estimation of their
variances and covariances are discussed in Chapter 2. The variance and
covariance estimation is complicated because of the rotation and subsampling
schemes used in the area frame sampling. The DE estimates, with standard
errors and correlation estimates, are given for total hogs and pigs in Indiana,

Iowa, and Ohio for the nine quarterly surveys: March 1987- March 1989. In

Chapter 3, a bootstrap approach is developed to estimate the biases and
MSE's of estimators of population totals for the repeated surveys. The
bootstrap approach is (partially) validated by applying it to the DE
estimators.

In Chapter 4, the empirical Bayes estimators are developed for a mixed
linear model. This approach is similar to that used by Fay and Herriot (1979)
in their construction of empirical Bayes estimates for income in small places
(areas). Instead of using the mixed linear model to relate estimates from

similar small areas, we use it to relate the DE estimates from similar repeated
surveys within each state. In Chapter 5, the simple extension of censored DE
estimator (1.1) to unequal probability sampling is evaluated. To reduce the

negative bias of the censored DE estimators, an adjustment factor is applied.
The adjustment factor is formed as the ratio of the sum of DE estimates from
repeated surveys within a state over the corresponding sum of censored DE
estimates. This adjusted censored estimator is similar in form to one of the
estimators proposed by Huddleston (1965, equation 2). In Huddleston's
censored DE estimator only the observations less than the cutoff value are

included, corresponding to the first of the two components in (1.1). He then
adjusts this estimator by the sum of DE estimates from repeated surveys
within a state over the corresponding sum of his censored DE estimator. Also
in Chapter 5, the empirical Bayes technique is applied to the adjusted
censored DE estimators.

In Chapter 6, the empirical Bayes approach is applied to a series of DE
estimates for 33 quarterly surveys from the ten major hog producing states.
The NASS summary file containing these data also includes the most recent

revised board estimate and the component (DE2) of the DE estimate
corresponding to expanded values in the list or NOL which exceed a specified
cutoff value. Three different forms of empirical Bayes estimates are obtained
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by either applying the ('lllpirical Bayes technique to DE. DE2' or both DE:?
and DE-DE2' The various empirical Bayes estimates <lrc compared to the

corresponding DE awl n'\'j,;cd board estimates for thl' sl'ries of surveys from

the ten major hog prodlll'illg states.

Chapter 7 contains t 11(' summary and conclusions.
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Chapter 2

The Quarterly Agricultural Surveys and Direct Expansion Estimators

The NASS quarterly surveys are based upon a combination of an arpa
frame and a list frame universe. The list frame contains names of farm
opprators and control information for stratification by type and sIze of farm.
The stratification yields an efficient sampling design, but th(' list frame is
usually incomplete and tlll'rcfore docs not provide information for the entire
population of interest. The area frame sampling units are small areas of land,
called segments, which are stratified by land use. The area frame provides
complde coverage of the farm sector, but it is inefficient for estimating rare
itpms (any agricultural commodity that is produced on only a small
proportion of the operations in a State) or items that arc extrpmdy variable in

sIze. Fecso, Tortora, and Vogel (1986) give a thorough overview of the
historical development of the area and list sampling frames, and discussion of
the advantages and (lisadvantages of those in current use.

For multiple frame estimation, the area frame sample IS divided into
two domains:
(i) The Nonoverlap Domain (NOL). This domain consists of farms operators

fonnd via the area frame sampling units that are not in the list frame.
(ii) The Overlap Domain (OL). This domain consists of farm operators m
the area frame that are also in the list frame. The farm operators in the OL
domain who are selected in the area frame sample also have a chance to be
sdected from the list frame.

In a June enumerative survey (JES), three different area framp direct

expansIOn estimators (tract, farm, and weighted) and two multiple frame
estimators (operational and adj usted) are produced for livestock estimation. A
tract is a piece of land inside a segment under a single operation or
management. The tract estimator counts only the farm inventory within a
tract, regardless of ownership. The farm estimator includes all products of the
farms whose operators reside in the sampled segment. The weighted estimator
uses the ratio of tract acreage over farm acreage to prorate farm inventory to
the tract level. The multiple frame (MF) estimator uses the area frame to
compensate for the incompleteness of the list frame by adding the area framc
NOL estimate to an estimate of the OL domain from the list frame sample.
The tract, farm or w('ighted estimator can be used to provide the area frame



:';OL estimate.
G

:'\ eil lOll (1984) found that, with It'SjlCd to liwstock

estimation, the weight.'d t'stimator is supcrior to the other two arca frame

estimators, and that tllt' ~lF estimator is superior to tiH' weightcd cstimator.

The operational ~lF estimator based on the weighted e:.;timatc for the NOL

portion is used throughout this report.

2.1 Survey Designs

This section preseut s a brief description of t IH' sam pIing schemes

currently in use at NASS for selecting samples from the list and area frames.

( Sect ion 2.3 contains somc additional descriptive infonwtt ion, including total

sample sizes and average expansion factors for the list aud area frames. )

2.1.1 List Frame

The list framc for ('<\ch state is stratified by type ilnd size of farm. For

examplc, the variables used in the stratification for hogs and pigs are total

hogs, total crop land, and (Ill-farm storage capacity. Typica.llist frame strata

for the agricultural Slln'c\,s are crop land 1 - 199 <In.·s, capacity 1- 9999

bushels, hogs 1-149 hugs. crop land 200-599 acres. capacity 10k-49999

bushels, hogs 150 - 499 hogs, crop land 600 - 3999 acres" IlUgs 500 -1999 hogs,

capacity 50k - 499999 bushels, hogs 2000 - 9999 hogs, crop land 4000+ acres,

capacity 500k+ bushels. illld hogs 10000+ hogs. A prioritization scheme

insures that an opC'ratioll can be in only one stratum. Replicated systematic

sampling from each str,jf Ulll is usually used to select t he list sample. An

example of the list frilllle replication groups is illllstra1('d in Table 3.1 of

Section 3.3.

2.1.2 Area Frame

First, considcr the June Enumerative Survey (.rES). Tllf' segments in

the area frame arc stratified by land use. For example. typical land, use

strata arc: more thall 7S percent land cultivated, .';0 75 percent land

cultivatcd, 15 -49 percellt lallel cultivated, agriculture lllixed with urban and

more than 20 dwellings per square mile, r('siden tial ('( 'Illmercial and more

thall 20 d\\'cllings per sqnitrc mile, resort and more than 20 dwellings per

square mile, less than 15 percent cultivated, and nonagrindtural land. Each

stratum is further snb(li\'i(ll'cl into IIlore hornogeul'on,; !~I'ographic suhstrata.

called pitper strata (or di,;tricts). A stratified raudu!ll sample is sdedrd
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independently from each paper stratum. For rotational purposes, the first

segment selected in each paper stratum is designated as replicate 1, the second
as replicate 2, etc. Approximately 20 percent of the segments are replaced
annually on a rotational basis (see Table 2.3 in Section 2.2.3).

The area sample segments are divided into tracts which are the parts
of separate farm operations or nonagricultural areas that are within the
segment. Then a tract for a farm operation is either the entire farm when all
of it is in the segment or a portion of the farm when the farm's boundary
extends to outside of the segment. Each tract operator identified in the area
frame sample is then name - matched against the list frame, and the area
frame sample is divided into NOL and OL domains for multiple frame
estimation.

The September, December and March quarterly samples are obtained
as subsamples of the JES sample of NOL tracts. For the September and
December surveys, each NOL tract from the JES is restratified into a select
(summary) stratum based on information from the JES interview with no
regard to segment or original stratum. Different stratifications are used for
September and December. An equal probability sample is then taken from

each select stratum. Those strata which are more likely to contain large farm
values are sampled with higher probabilities than those strata likely to contain
small farm values. Because a single tract is often subsampled from a given
select stratum in the December surveys, NASS combines a number of select
strata into a summary stratum for variance estimation purposes. The March
sample is obtained as a subsample of the December sample. The Decemher
sample is restratified into select (summary) strata based on information
obtained in the December enumerative survey. An equal probability sample is
then taken from each stratum. Thus, the March sample is obtained as a three
stage sampling process. A detailed description on area frame construction,
development, and sample selection is included in Fecso, Tortora, and Vogel

(1986).

2.1.3 Multiple Frame

Research by Hartley (1962) led to the implementation of multiple
frame estimation from the list and area frames. The multiple frame direct
expansion (DE) estimator is obtained as the sum of the (operational) list
frame DE estimator and the area frame weighted estimator for the NOL



s
domain.

2.2 DE Estimators and Their Variances and Covariance:>

Nealon (1984) provides a good discussion of direct expansion (DE)
estimators for the area Clnd multiple frames used by the NASS. In the present
section, we briefly describe the DE estimators for the list, NOL, and MF
frames that we investigate for total hogs and pigs. E:;timation of variances
and covariances of the DE estimators for different surveys is also discussed.

2.2.1 The DE Estimator for the List Frame

We consider the DE estimator for the list frame IOL domain) which is
based on only useable rcports. This estimator is called the operational DE
estimator by the NASS. Prior to June 1988 a useahk [{'purt for the total hogs
characteristic (x) repres('nted a known number of hogs awl pigs (x = 0 or x >
0). Since June 1988 a llseablc report also includes "llnkrwwn" zeros. That is,
incomplete reports for fanners which are evaluated a" having no hogs or pigs.
(In addition to the operational DE estimator, the NASS ;:\so llses an adjusted
DE estimator based on imputed values for certain mi :;sing or incomplete
reports from the list sample )

Suppose that a list Pl)pulation is made up of H st rid C1. Let the strata be
indexed by h = 1, 2, ... ,H and

Nh = the poplliat ion size for list stratum h,
nh = the numlwr of use able reports in list stratum h.

Xhk = value of th(' characteristic from the ktll IN'able report in
list stratum h,

denote the sample mpan for list stratum h.

The DE estimator for the list frame is tlwn defincd a.s t lw II.'Iualonc for a

population total using stratificd random sampling
. H)J nh

yllst = )' ~_b "" x
- ~ III L..J hk,

h=l 1 k=l

with variance estimator

(2.1 )

(2.2)
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It should also be noted that, because all farm operators in the list frame also
had a chance to be selected from the area frame, an estimate from a list frame
sample can be viewed as an estimate of the overlap domain.

The DE estimators for repeated quarterly surveys from the same list
frame will be correlated because many of the farms are included, by design, in
more than one survey. For the nine quarterly surveys which we consider:
March 1987 - March 1989, two different list frames are independently sampled:
the December 1986 - March 1988 frame and the June 1988 - March 1989
frame. (See Table 3.1, in Section 3.3.1, for illustrations of the rotation
patterns used in the two frames.) Some additional notation is required for
describing the covariance estimators. Let I denote the number of surveys
taken from a particular list frame and ylist(i) the DE estimator for the

population total corresponding to the ith survey (i = 1, 2, ... , I) from that
frame. The estimator for the covariance between the two estimators ylist(i)
and ylist(j) is taken segments with common segments

, list(' ')cov I,J =
H Nh (Nh - nh(i,j))
L -----

h=l nh(i,j) (nh(i,j) - 1)

L.. (Xk (i) - x (i)) (Xk (j) - x (j)) ,
kESh(1,J)

(2.3)

where Sh(i,j) = the set of farms in stratum h which arc included (with
useable reports) in both surveys i and j,

nh(i,j) = the number of farms in Sh(i,j),
xk(i) = value of the characteristic in survey i for the kth farm

in Sh(i,j),

over the farms in Sh(i,j), for survey i.

Standard error and correlation estimates, obtained from the varIances
and covariances (2.2, 2.3), of the DE estimates for nine quarterly surveys from
the list fram('s arc included in Tables 3.2 and 3.3 of Section 3.3.3.

2.2.2 The DE estimators for the Area Frame

First, consider the June surveys (JES's). Suppose that a population is
Illack up of H paper strata, indexed as h = 1, 2, .. , , H. The weighted DE
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estimator fur the :-;OL tl"Ill"in is

where

NOL
Y

H nh
"" ,,~

Zhk.
1\=1 k==l

(2.4)

eh

nh = numbcr uf ~eg;ments sampled from tlw hth paper stratum,

denote the expanded total val11e fur segment k in

1 th
'Lt' 1 paper stratum,

tlw in V\Tse of the probahili ty of selectioll (if each
. 11thsegnwllT III t)(, 1 paper stratum,

ghk

iIhkill
bhklll

value ut ,It.lrilcteristic fur tIll' mth LilIll w\iich uvnl(\p

with tilt' ktl1 segment uf the hth papn :--tr;ltllm,

1 .. 1 kth . 11thnllill HT ()l "racts In t W . segnwllt uf t .C 1 pilpcr

str(\t11111.

;\(TCilg" "f tract.

;\(TC'te." Ill' Llnll.

(2.5 )

tI hkill
if the hkmth farm IS 1ll tIll' :;< lL dumaiu

\1I1ll'rwise.

The v ilriance cst ima hJ!. ]e,llllring the fini t t' popula t iou (( In I 'ct ion factor,

fur VNOL IS

w herc

. NOL
\"iIr (2.6)

Ohio the Junc expilllSi')'1 fadors art' large (eh > 117. S"(' 'L,hle 2.5) so that the

fillitt, pupulatiull con"ltiull facturs omitted from t 1](' \,,1l'iaucc formula arc

iudecd Iwgligiblc.

For tIlt' S\'ptt'IlllH'I. Dc('emlwr, and 1\larch '11,Htedv :mrn'vs the

nmstructiun of thc DE I'stimators is straightforwiHd with the estimators

having similar fl)rm tll 1h.lt for thc JES. but variancc (·~tilll(jtioll is lllllCh more

complicated. Kott and Julmston (1988) invcstigate,] \'dli;'lllce estimation for

t he DE estimator for t II\' Decemlwr enumerativc surveys. They are critical of
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the variance estimator currently used by NASS and develop a new estimator.
Their variance estimator is also directly applicable to the September surveys.
\Ve further apply the Kott - Johnston estimator to the ~1ar,h surveys by
considering the second and third sampling stages as a single composite second
stage. The Kott - Johnston variance formula (2.8) contains a component of
the samc form as (2.6) for the JES , which they call the nested variance
estima tor. \Ve show numcrically that this nested variance com poncnt provides
a good approximation to the Kott - Johnston variance for the DE estimators of
total hogs in the NOL domain for Indiana, Iowa, and Ohio. More importantly,
the bootstrap procedure that we use for the NOL (see Sections 3.3.2 and 3.3.3 )
will only estimate the nested variance component.

Extensive notation is required to describe the Kott - Johnston varIance
estimator. Let

L = number of summary strata,

v· = number of tracts sampled from the ith summary stratum,
1

Ti = number of JES tracts in the ith summary stratum,

Shk = the set of all current survey tracts in the kth segment of

the JES paper stratum h,

Sh = the set of current survey tracts in JES paper stratum h,

w.. = the second stage expansion factor for tract j in the
1J

·th
1 summary stratum,

x·· = the entire farm value of characteristic for tract j in the1J
·th
1 summary stratum.

e~. = the JES (first stage) expansion factor for tract j in the
1J

·th
1 summary stratum.

y .. = e~. x .. denote the first stage expanded farm value for
1J 1J 1J

tract j in the ith summary stratum,

Yihk = .. I: Yij denote the total first stage expanded farm
1JEShk

value of all current survey tracts in the ith summary stratum

and segment k of JES paper stratum h,



dCIlote the total first stag(' ('xpalHled farm

12

v - '" y"ih - .. i.... -ij
1JE Sh .

value of all current survey tracts in t]j(' It' summary stratum

and JES paper stratum h,
y.
1

= 2: y ..
j=l 1J

f 11 . h' tl1o a CnlTl'ut survey tracts III tel SllJIllllary stratUIIl.

e .. = e~. w .. denote the full expansioll fa c! ()r for tract j in the
1J 1J IJ

·th
1 summary stratum,

y.
1.

deIlote the total first stage expanded farm value

z .. = e .. x .. =.:: W .. y denote the fully expaIlde<l farm value for
1J 1) IJ .. U iih

tract J III the 1 summary stratum,

zhk. 2: z·· d('note the fully expall<lcd faru value of all CUlTf'nt
.. IJ .
1JE Shk
surve~' trads in the kth scgment of JES J .,tj)('r stratum h,

nh
Z - 1 '" / denote tlw IlH'an of the Ilil "e'~llj('llts in stratum h.h - nlk.;;\hk

The fully expandc(l farm values can be accumulated ej t her over the tracks

wi thin t he summary s t l"il t ,}, or over the scgmen ts t oj a ls to produce the area

frame DE estimator of th" NOL domain for the Sept1'lllhn, Decemlwr, and

March surveys
t·

L 1
L L z .. =.. 1J

1=1 J=l

Kott and Johnston noted that their variance estimator fOT the estimator

yNOL, obtained by th' t,Vol stage sampling in the Del'elllL('r surveys, can be

rNOL
:)

expressed as the sum of two components
A • N A Aval' = val' + val' ,

•.' .N _ H Ilh nh _ 2
val - 2: fJ.--=-1 L (Zhk' - Zh)

h=l h k=l

is called the nested variance estimator and

varA
= ±: {( [ i w~. ] - T. ) 1 1)'

i=l J'=1 IJ 1 V. (v.
1 1

(2.7)

(2.8)

(2.9)

(2.10)
y.

{
H, nh ([ 1 2 ]o n - 1 .L Yihk

h-1 h J=1

the non- nested adjustment. That is, if the summary ..,1 rata had bccn llcstc(l

within each of the JES segments then (2.9) would he th.[' appropriate variance
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estimator. The varIance estimator (2.8) is directly applicahle to the
September surveys. For the September surveys the summary and select strata
are identical so that the second stage expansion factors are constant within
each summary stratum w·· = T1·/ v· . The March surveys involve three --stage

IJ 1

sampling since the March summary strata are formed from the tracts which

were sampled in December. For application of the Kott - Johnston variance
estimator for March surveys, we consider the Decemher and l\iIarch
stratifications to form a joint second stage stratification. For example, if there
are 6 December summary strata and 4 March strata then the joint (December,
March) stratification is the product set of size 24. Several of the joint strata
are found to contain only one tract (vh = 1), or are empty. We comhine each
joint stratum containing only one tract with an adjacent nonempty stratum
with common March summary stratum.

In this report, we use the approximate standard error for the DE

estimator in the NOL domain corresponding to th(' nested variance estimator
(2.9) for the September, December, and March surveys, SE = 4varN. This
standard error estimator is also appropriate for the JES since the variance

estimator (2.6) for the JES has the same form as (2.9).

In Table 2.1, the approximate standard errors for the DE estimators of
total hogs in the NOL domains for nine quarterly surveys from Indiana, Iowa,
and Ohio are compared with the corresponding standard errors given in
summary reports provided us by NASS. Our DE estimates for the June 1987
surveys in Indiana and Iowa do not agree with tho::'\{'of NASS. The NASS

summary report for Indiana does not reflect revisions of OL / NOL status that
were subsequently made and included in the data base provided us. Ignoring
the two cases where our DE estimates differ from those summarized by NASS,
the approximate standard errors are within 3.9% of NASS's for the June,
September, and December surveys. Larger differences (6.6, 3.9, -26.2) occur
for the March 1987 and 1988 surveys. In Table 2.2 , the approximate standard
errors are compared with those corresponding to the Kott - Johnston variance
estimator for the September, December, and March Surveys. TIH'
approximate standard errors, corresponding to the nested variance estimator,
are fairly accurate overall. In all cases, the approximate standard errors are
larger than the corresponding Kott - Johnston standard errors. Thus, their
non -nested adjustment component (2.10) is negative in all cases. Only tracts
that were in our June data files are included in the following Septemher,
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Table 2.1. Com"narisoll of the Approximate Standard ElTurs (SE) with those of
the NASS (SE ASS) for the DE Estimators of Total Hogs (1000) in the NOL
domain

Survey

M87
J871

S87
087
M88
.l<,-,8
S88
D:-<'8
MxO

M87
J871

Sx7
087
M,'-<,,'-<,
.lx<,-,
S88
Ox8
Mx~)

M87
.l87
S87
087
\188
.Ixx
S88
[)8S
M89

DE

57·1 .·1
407.7
97'2.7
77·1. '2
460. ;,

·1 K.-, . ~)

. I"" 1 .' ]
·1.') 7 . I;

27.'),,",. 1
:n7~). 0
:~(i-I r, .. \
:H7~). 7
:~:~(j:""~.:~
:~:~7~).:~
:~-Igr, . .)
:~I-l(;.()

'2(j-I,'<. . ; ~

·If;x. ;,
717.7
(),'-<,-.~ .;~

7;,·\. ,,-\
-1(;'2. '2
!) '2 (i. I
():~'2. Ii

.'J'2,~. ()
:~,'<.,~. ()

SE

Indiana

12.5 . :~2
90.41

268.09
160 ..~3
121.90
108.08
118.-13
13-1 . 70
13:1 ..83

IOl4Cl

·1:16.:W
458.90
-I D8 . 1 0
.'d8.29
.'):~.').06
+16 . 16
4-10 . 7:3
.')06.57
<11<1.27

()h i()

IG7.0G
17:1.·19
1 .')8 . 1:1
2:11 . G2
1 2 1 ..~K
1 ·12 . 1 1
1():3.87
1:30. :34
107 . 10

12·1 . L:)
(97 . 16)
26fi.S2
161 ..e=,>1
120 . ;:')2
I07.7~)
I I .'). ~~.\
I:H.f;O
12:).r;7

-I.') 1 . :Hi
(46.') ...c)8)

') 1 -\ . :',-1
:)27. (){)
.S!)x. ·I!i
'1-1·1 . (;7
·1·j'2 .0.';;;
-I~H .In
:~x(j . :~2

1 fix. '"10
17:~. 10
1r).>-<,. ·.~7
2'2·\ . 'J!)
1 ().',. '2.')
HI.79
1()() . ~)O
1 : \ 1 .: ~:)
101 j. 1·1

o ..')
(-6.9)

0.5
-0.6
1.3
0.3
2.8
0.1
6.6

-3.3
(-1.4)
-:3.2

:1. 9
-·1.2

o .:3
-0.3

2.5
7.2

-1 .0
0.2

-0.1
3.1

-2(i.2
0.2
1 .8

-0.8
0.9

1. The DE for NOL .f>,1\·!'1l1Il NASS Sl1111111aflCSfor tlw Junc 1987 surveys
,tIT ;:)IH.O for Illlli,llld ilwl 34G2.4 for Iowa
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Decem her, aud ~farch surveys. Siuce our data files did uot iuclude J unf' 1986,

the March 1987 surveys could not be included in Table 2.2. Many tracts were

omitted from thf' S87, D87, and M88 surveys in Indiana because of many

OL / NOL revisions that had bf'f'Il made to the J87 data file.

The DE f'stimators for the NOL domain in different quarterly surveys

will be correlated because of common segmf'nts included in the sampl('s. The

N ASS typically rf'plaCf's ahout 20 % of the segments in f'ach JES so that a

segmeut is rdaiued for 5 years, i.e., 20 consecutive quarte'rly surveys. Each

sampled segment within a particular paper stratum is designated as l)('longing

to a different rf'plicate. \\Then a sf'gment is rotated out of the sample a ncw

sf'glllent is rawlomly selected from the same paper stratum to rf'place the old

seguH'ut within the same rf'plicate. Within each state thf' samf' rotation

sclH'dule is used for all paper strata with the same lltuulwr of sampled

seglllen ts (ull ). Table 2.3 gIves the rotations for the 1986 . 1988 JES surveys

for Iudiana, Iowa, and Ohio. For example, consider the papf'r strata in

Iudiana \vhich coutains 10 replicates. In thf'sf' strata, the same segmeuts were

uSI'd in all three JES surveys for six replicates 1, 2, 3, 6, 7, and 8. The DE

estimators for the NOL domain iu different quartNly surveys will he correlated

because of commou segments included in the samples. The NASS typically

rcplaces about 20% of the scgmcnts in each JES so that a segmcnt is retaincd

for 5 years, i.e., 20 consecutivf' quarterly surveys. Each salllpkd segment

within a particular paper stratum is designated as bf'longing to a different

replicate. \Vhf'n a sf'gment is rotated out of the sample it new segment is

randomly sclectf'd from the same paper stratum to replace the old segmf'nt

within the samc replicatf'. \Vithin f'ach state the same rotation scheduk is

used for all paper strata with the same numher of sampled scgmcnts (nil)'

Tabk 2.3 giws the rotations for the 1986 -1988 JES surwys for Indiana,

Iowa, and Ohio. For example, consider the paper strata in Indiana which

contains 10 replicates. In these strata, the same segments W('l'f' used in all

three JES surveys for six rf'plicates 1, 2, 3, 6, 7, and 8. The segmcnts in

rf'plicates 4 and 9 were replaced in the 1987 and those in replicates 5 and 10 in

the 1988.

TIJf' approximate variance estimator (2.8), corresponding to thf' ncsted

variance estimator of Kott and Johnston, can bc gcneralized to provide

approximate covariancf' estimators. Let I denote the number of consecutivc

qnarterly surveys taken from an area frame and yNOL(i) the' DE estimator of
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Table 2.2. Comparison of the Approximate Standard Errors (SE) with those
obtained from Kott-Johnston Estimator (SEKJ) for Total Hogs (1000) in the
:\OL domain for the September, Decemlwr and ~larch Sllrv('ys

Survey DE SE SEKJ SE-SEKJ<J(
SEKJ 0

Indiana

S871 T2:~ . [) 235.67 23.') . ()'j 0.0
D871 G10.:2 150.79 148 . ()'2 1.9
M881 ·15!) .8 121. 52 118.67 2.4
588 48,'}.n 118.43 118 . ·1:3 0.0
088 ·181 . ,5 134.70 12n . :)() 4.0
\18!) ·1.')',-. U 133.83 1'2·1. nq 7.3

Iowa

587 :~6·1:).-1 498.10 'WK. 1() 0.0
087 3·17D.7 548.29 527.48 3.9
M88 3:3GK . :~ 535.06 .')17 . :),~ 3.4
588 3·!D:) . :) 440.73 ·1:3D. q,,, 0.2
088 31·lG.~) 506.57 'I~H. 71 3.2
M89 26·1."-.;) 414.27 ;3DK. 1() 4.1

Ohio

587 682 . :~ 1.58. 13 1.58.1:3 0.0
087 75·1. K 231 .62 227 . ~JD 1.6
M88 ·162. :2 121.88 1I 7 . :-\I 3.9
588' 62(i. q 163.77 16:3.77 0.0
088 528. ~) 130.34 127. ;.2 2.2
\189 38,K . () 107 . 10 102. ,'In 4 ..5

1. Only tracts cont ailH'd in the preceding June data file are included.
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Table 2.3 Rotation of Replicates in Area Frame for Indiana, Iowa, and Ohio.
Table entries are the last digit of the entry year 1983-1988

Number Number Replicates
of of

Paper Strata Replicates Survey 1 2 3 4 5 6 7 8 9 10

Indiana1

J86-M87 4 5 6 6 6 4 5 6 6 6
19 10 J87-M88 4 5 6 7 6 4 5 6 7 6

J88-M89 4 5 6 7 8 4 5 6 7 8

J86-M87 4 5 6 6 6
27 5 J87-M88 4 5 6 7 6

J88-M89 4 5 6 7 8

Iowa

J86-M87 3 5 6 4
72 4 J87-M88 3 5 6 7

J88-M89 8 5 6 7

J86-M87 4 5
5 2 J87-M88 4 5

J88-M89 4 5

Ohio1

J86-M87 4 5 6 5 3 4 5 6 5 3
14 10 J87-M88 4 5 6 7 3 4 5 6 7 3

J88-M89 4 5 6 7 8 4 5 6 7 8

J86-M87 4 5 6 5 3
31 5 J87-M88 4 5 6 7 3

J88-M89 4 5 6 7 8

1. Indiana and Ohio each has one additional paper stratum containing 2
replicates. No NOL tracts occurred in these two strata



(2.11 )

IS
t he population total for t 11('~O L domain correspondiug "() the ith sun'e}' (i =
1, 2, ,., , I). Two difft'l'I'lll approximate estimator" fur t)ll' covariance 1)('tw('ell

yNOL(i) awl yNOL(j) ;1lT considered: the replicat.l:'J llwtclwd co\'ariawT

('stimator auel the pairwis,..: matclw(l covariance ('stimidl If. For the replicate

matched covariance estiIlliitor the covariauce is taken O\'lT all replicates, That

is, (two) different sq!;mellts occurring in a replicate dmiuf'; different years iiI'<'

treated as though tIll'\' Wt'l'e the same sf'g;ment. TIH' "ilriaIlCl' estimator (2.8)

t IH'n simply gcneralize, t ()
nh• NOL(' ') Iltl ,,( (') - (')) ( " _ (' )cov I,J = ~,u-l ~ Zhk' 1 - Zh 1 Zhk·Ll)- zh J) .

uh- k=l

For the pair\vise matched covariance estimator, the ('o\'aria!j('e is take11 only

O\Tr replicates with COJIllll'>Il segments

(2,]2)

\vhere

Sh(i,j) = the Sf'; \11'replicates in stratum h whi,.JljJ'(· contai11 the

same sq!,lJW11t iu hoth surveys i allil .i,

nh(i,j)

zk (i)

,,(i)

I f I 1 ... 'j' I ktl1va \1(' I) t ll' C larad('l'ls!Je In S1l),\'('\' 1 0) t It' 0 segllH'nt

--1,. ...- z= zk(i) de110te tl)(' 11)(',111lif z.
nh(l.J) kE3

h
(i,j)

ovn t)w sl'gmellts iu Sh(i,j), for Sll)'\'I'\, i

The cO\oarian\'(' estimators based on pair\\'i'-;(' n: III hi III!;should 1)(' mol'"

precise than those bi\~.,'d 011 replicate matching 1H','i\1l:-.,, 11<' replicate matching

iutroduces additio11ill I)()I:-;e resulting from the LlIldlllldy lllittcl)('d segllll'nts

wi thin some (a h01l t ::'(J I,;') of the rqllic ates. H 0\\" '\' T, the boo!strilppiui';

method for the area fr,lIlll', developed in Chapkr :;, ic- ]),\sed on replicate

matching. Tlll'refore, it \If iuteI'<'st to COIllpilre estiI11,\tI" lli,tailll'd by tIll' two

methods. Tahle 2.-1 i-?,i\'"" the correlatiou coefficiellts 'XLI,·1t clJ!Tespuwl to tIll'

replicate matched ((!\'dr:allce estimates (2.11) ilwl tilt' pairwise IIIi1tclll'd

coy;uiauce estilllates I '2.1>2), In Table 2.-1, the P'plil ilk I Pdirwise) lIlatched
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Table 2.4 Comparisons of the Replicate Matched and Pairwise Matched
Methods of Correlation Estimates for the DE Estimators of Total Hogs in the
NOL Domain

Pairwise Matched Method above the Diagonal
Replicate Matched Method below the Diagonal

a. Indiana

Survey M87 J87 S87 D87 M88 J88 S88 D88 M89

M87 1 .287 .059 .263 .442 .154 .215 .038 .055
.187 .242 1 .306 .299 .404 .218 .184 .224 .263
S87 .029 .306 1 .713 .077 .102 -.004 .087 .128
D87 .237 .299 .713 1 .511 .224 .152 .124 .165
MR8 .394 .404 .077 .511 1 .248 .377 .196 .229
.188 .099 .197 .092 .224 .233 1 .763 .699 .640
588 .196 .178 -.003 .174 .401 .763 1 .706 .669
DR8 .017 .230 .100 .155 .254 .699 .706 1 .840
M89 .020 .261 .134 .170 .230 .640 .669 .840 1

b. Iowa

Survey M87 J87 S87 D87 M88 J88 S88 D88 1'.189

M87 1 .659 .626 .531 .504 .228 .224 .203 .224
.187 .695 1 .914 .839 .842 .444 .408 .389 .371
587 .649 .914 1 .872 .851 .434 .409 .421 .425
D87 .572 .839 .872 1 .934 .491 .470 .503 .486
M88 .542 .842 .851 .934 1 .488 .477 .502 .445
.188 .218 .408 .414 .475 .437 1 .846 .858 .862
SkK .200 .360 .379 .441 .418 .846 1 .774 .740
D88 .174 .383 .429 .507 .468 .858 .774 1 .895
M8D .223 .355 .422 .471 .3g8 .862 .740 .895 1

c. () hio

Survey M87 J87 S87 D87 M88 J88 S88 D88 1\189

MK7 1 .745 .731 .068 .130 .764 .713 .730 .160
.187 .745 1 .936 .350 .650 .774 .787 .692 .149
SK7 .735 .936 1 .470 .563 .716 .756 .666 .169
DK7 .065 .350 .470 1 .536 .267 .301 .181 .078
M8R .116 .650 .563 .536 1 .390 .442 .341 .217
.18K .745 .765 .708 .259 .372 1 .940 .834 .334
S8K .696 .782 .758 .301 .434 .940 1 .816 .359
DK8 .724 .677 .660 .190 .317 .834 .816 1 .571
M8D .161 .135 .164 .082 .185 .334 .359 .571 1
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,'stimates ar(' givell lwluw (above) the diagonal of l/Ile..; for the 9 quarterly

surveys frum Iudiana. Iowa, and Ohio. The maximuIll absolute differences

hdweeu the two sds "f e-;t imates are (L05S, 0.05R, .md () O:l2 ill Indiana, Iowa,

awl Ohio, respectively. AlllOUg the 24 pairs of surveys from different sampling

Vl'ars (t he oUll'r 12 pairs must have zero differences), the average absolute

dilkn'ucl's lwtwel'll tl\(' two sets of estimates for the 3 statl's are 0.021,0.026.

awl O.Olll.

2.2.3 Tll<' DE Estima.tors for Multiple Frame

The },IF (din'. t expausioll) estimator is obtailH'.1 as the sum of the list

frame (operatil/llal) DE estimator and the (weighted) area frame DE estimator

for tll(' 0;OL domain

MF
Y NC'l + .list

V Y (2.12)

< MF . NOL < list\. a I' -- \.a I' + \'a l' (2.13)

awl
r-- --.---

SE I' NOL < list= \j \·,tr + val' (2.14)

with v.lrNOL varN. gi\'('ll hy (2.9), for the Sep!cmj,l'I', D",'e1ll1wr and :March

surveys. The covari.tl!('(' of the },IF estimators of !lll' populatiou totals for

sur\'t'\,s 1 awlj ~.MF(i: alld yMF,j) fp]' i :# j, is <lpl'roxilllatcd by

. MF ") . NOL(") • list· ')('0\' (I.J -- ,', ,\' I,J t- cov (I,J . (2.15)

Thl' },IF direct expaIl";IPl, l'stimatl's awl their "Llll.!.ll.l t'rror estimates arc

il1dlllkd ill Tabk 3:\ dwl their correlatioll estillldt{', !1,ased Oll rq)licate

1l1atchillg for tht' \"OL· ill Table 3A of Sectioll 3.3.:1,

2.3 Sa.mpk Sizes iUld Fxp,L11sion Factors

This sectioll ('(IIlt dius a brief summarv of C'()llll' d,'sign characteristics.

il1du.lil1g the overall :-.alllpk sizes alld <lVl'l'age I'XPilll:-.h'll factors, us('.l ill the

list framt' awl :\'OL dlllll,lill for the 9 (plarkrly :;un, \'s :\[arch 1987 :\Iarch

19S9 from Illdiana, low.\. all<1 Ohio.

Table 2.3 cOllt;\il1S summary statistics fur III .\'OL tracts which w('re

sdmple(l from the 1',qH'r strata. Silllple aycril[';eS I )\'l'!" the III tracts an'
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incllldf'd for the acreage weights, w = tract acres / farm acres, and for the
expansion factors, e, used in the DE expansion estimators (2.5 and 2.7). Also
included are the minimum and maximum values of the expansion factor over
the III tracts and the number of tracts with positive hogs, m+, and the
minimum and maximum of the expansion factors over the m+ tracts.

Table 2.6 contain summary statistics for the n. = ~nh farms sampled
with useabk records for the operational DE estimator (2.1) from the list frame
of size N. ~N h. Also included are the simple aVf'ragc of the expansion
factors, f'h Nh / nh, over the n. farms used in the operational DE estimator
(2.1) and the maximum expansion factor. The minimum expansion factor is
always unity since the extreme operators which are selected with probability
one are included in the list frame. From the overall sample sizes given (n:) it
can be Sf'cn over all surveys the useable record rates range from about 78%
(M87 in Indiana) to 92% (SSS in Ohio).
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Table 2.5 Summary Statistics for Expansion Factors awl Acreage \Veights
of Total Hogs for the NUL Tracts

In = number of NOL tracts in the sample
v,' = average of the acreage ratio: tract auf'S / fann aerf'S
e = average of the expansion factor

m+ = number of NOL tracts in the samplf' with positive hogs
e+ = expansion factor of a NOL tract with positive hogs

Survey In VI (' Min(e) Max(e) III+ Min(e+) Max(c+)
------- -----

Indiana

1'.187 294 .411 ;H4.4 117.0 3135. ,1 (;0 117.0 749.2
J87 470 .509 192.1 117.0 442.8 (H 117.0 4,12.8
S87 379 .370 2Gl .7 117.0 1771 .:i 7D 117.0 442.8
D87 298 .430 ;) I (; . :3 180.4 10464 . .') ,"J! ; 187.3 3688.4
1'.188 198 .335 ,~O(;. S 187.3 31393.5 ;~:..~ 187. :3 7,19.2
J88 322 .5.59 I ~H. 5 117.0 531.4 (i':1 117.0 .531.4
S88 163 .507 :20(; . 7 117.0 2140.8 ·Iq 117.0 531 .4
088 1,13 .596 CiO:2 .·1 180.4 10096 . (i ;w 187.:1 :391 .6
M89 90 · ·19G I :21·' . I 187.3 30289. ,-<, . ) ,,' 187 . :S :391 . fi._1 ...

Iowa

M87 357 .450 ..!( ;;~ , 2 174.8 2201 . !) 1'.!I; 174.R 527.0
J87 592 · '19-1 :20·1"G 17,1.8 1541 .0 17;{ 17·1.8 h'"") .....• h

,)~ I • ,J

S87 ,181 · ·1·1."> :2.I 1 .'2 174.8 '2110.0 1 (i,-, 17'1.8 527.5
D87 320 .511 ·1 cr. ,0 174.8 ·1.545.0 1O() 17·!. 8 1019.8
MfI,8 '250 · ·lG8 r: r:- • ) .......•. 174.8 11175.0 () ....•.. 17·1. 8 H9·1.0• ).) .•..... I

J88 .515 .500 :20!) ,9 174.R 1.5·11. 0 1()'- 17·1. R 15,11 .0
S88 402 · '14;~ :2.'":.!).0 174.8 2128.S 1;);~ 17,1.8 2128. ,~
D88 283 · .517 ·1 !Jr, . 1 174.8 3870. :3 ...,q ; 17,1. P- I O;S:~ . 0
M89 220 · ,177 (,8·1 . '2 17·1.8 IIGI0.9 "I 17,1.8 454.5

Ohio

1'.187 30·1 · ·1.")5 .\ () j .6 20,1.8 12:3G,1. 7 ,) f 2()'! .8 ·1.')G.7
J87 G17 .588 :2;~,~. 6 20,1.8 G9·l. :3 Dl '20·' .8 ;H7.2
S87 424 ..503 :~·I0 . 1 204.8 1388.7 ,...:.;;~ '2()'! . 8 819.2
D87 315 .58:3 :.:2;) . 2 20,1 .8 .")04'2.,1 \', 20'1.8 1:)2,1.8
M88 191 · ·1.51 7;~;~.[) 204.8 1.5127.1 1<l 20·1 .8 1192.3
J88 485 .602 '2·1(; . 1 204.8 4 1(L ,~ -') 2()'! .8 ·116.8I •.

S88 314 .5,14 ;\,)~). I 204.R 1685.7 (); ~ 2()'! .8 K9;) .8
D88 250 .615 7(Fi.7 20,1.8 8:385.0 I') '20·1.8 88:3 . 2
M89 15:3 · .')8:3 7.')"-1,.·1 20'1.8 12507 .. \ :21 j '20,1.8 77:~. 7
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Table 2.6 Summary Statistics of Sample Sizes and Expansion Factors for
Dscahle Reports in thc List Frames

N. = }:Nh = population size

n~ = Ln~ = sample size
n. = I:nh = number of useable reports
e = N./n. = average expansion factor over the useable reports

a. D86-M87 List Frame

Indiana Iowa Ohio

N.=45155 n~=2684 N.=82942 n~=3002 N. =45694 n~=2326

Survey n C max(e) n. e max( e) n. e max(c)

M87 2091 21 .6 59. ~3 2412 34.4 73.1 1950 2.3.4 GI .2
J87 2112 21 .L1 5-1.8 2·139 34.0 69.9 1918 23.8 62. ·1
587 2178 20.7 53.1 2490 33.3 67.9 1999 22.9 59.8
D87 2231 20.2 5.'3.1 2-114 34.4 70.2 1mH 22.9 GO. 1
M88 2269 19.9 .51.7 2·120 34.3 71.2 1997 22.9 .59.8

b. J87 -M89 List Frame

Indiana

N.=54728 n~=2727

Iowa

N.=85548 n~=3011

Ohio

N.=51867 n~=2354

Survey n. e max(e)

J88 2282 2·1.0 63.8
S88 2;390 22.8 59.6
D88 2375 23.0 59.2
M89 2382 2~3.0 59.2

n.
2.505
249;3
252-1
2502

e max(e)

34.2 70.3
3-1..3 71. 2
33.9 73.0
34.2 74.6

n.

2CH3
21G2
20G8
2111

('

25. ·1
2·1.0
25.1
2·1 . (j

max( c)

7·1. '(
71.2
70. ;3
70.G
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Chapter 3

Bootstrapping

The standard bootstrap methods for the case uf an independent and

identically distribute<l (iid) sample of fixed sm' II from an unknown

distribution F have lJt'eli widely discussed. For ('xCllJllrle, Efron (1982) and

Efron and Tibshirani (1 ~)8G) explain the basis of t h" st andard bootstrap

methods cmd provide several examples of app1icatiotls for estimation of

standard errors for estimators of a parameter () = IJ (F ) i1w1 for construction of

approximate confideIj((' iutervals. Empirical n·sults (Efron, 1982) indicate

that the bootstrap viHidlHe estimates are likely tu ])1' IllIIH' stable than those

based on the jac kknif(· ,tIld also less biased thau t }w,.;e L,,:-;{·don the customary

<le1ta (liuearizatiou) Jlj(·t 11·)(1. In recent years, therc h,ts Lecu Ill1lch discussion

of the extensions of t 1)(' 'it ;llldarcl bootstrap metll()d fO] \'ariauce cstimatiou to

complex sun'('Ys desil.'.!l", Bickel auel Frcedmau (108,1) aud Chao and Lo

( 1985) suggested boot" t rap techniques to relO\'(T tIll' fiuite population

correction fact or iu t 11<'\' ic'i i1uce formula for est ilJli1t or,.; I,f t h(' population m(>an

or total. Rao awl \\'1\ I 1985, 1988) proposed bootstri1:') methods for several

sampliug designs which are basel} on linear adj1\stllJ<'IJts of thf' hootstrap

observatious to prod1\('(' consistent stawlard errors f()r ('stirnators which are

uonlinear fuuctiolls of ,1 Ltrg;r' ll1unher of stratum IlW,t!I". Their standard errors

reduce to thf' st an <l;1l'dOIlI'" for linear f'stimators.

The stalldard b'HJr~trap method for variauc(' f·'itiI.liltioli of an estimator

IS described in Sectioll 3 1, In Section 3,2, the Rao \\"1 hoof:.;trop approach

IS (lescri1)1'd in tIll' I it"" of stratified raudom salllj>lill~ III Section 3.3, the

Rao \Vu approach is addj>t('(l to the multiple fraIlw "'Ililpling use<l by NASS,

3.1 The Standard Boot str;tp Method for Standard Error Estimation

Sllppose tlwt x (Xl' X2' ... , xn) is the oLs('l'\'(·d data corresponding to

a rawlolll salllple· (iid o])snvations) of fixed :-;iz(' 11 frUllI au unknown

prubaLility di"tri1Jl1tiulJ F, Let O(x) 1)(' an e:-;tilllittt,r for the parameter of

i!lkn'st ()( F) awl IT ( F) denot(' t h(' ulIkuown st illld;\l'Il deviatioll of the
, .

sitlllpling distrilJl1t ill], I,f II ( x). Thcu a- = (T ( F). wllf't (' F is the elllpirical

flistri1J1ltion fllnction, 1:-; f'all('(l the bootstrap staIlfl<tld nror for 0 (x), Th('

bootstrap :-;tandard C'lTllr can 1)(' approxilllCltf'd ll'lll,l.!, tll(' ~IoIlt(' CcirlO
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algorithm (Efron, 1979) described in the three steps:

(i) Draw a bootstrap sample x* = (x~, x;, ... , x~) by making n

random draws with replacement from {Xl' X2' ... , xn} and calculate the
'* ' *bootstrap estimate 8 = 8 (x ).

(ii) Independently replicate Step (i) some large number (B) of times to
. '* A* '*produce the bootstrap estullates 8 (1), 8 (2), ... , 8 (8).

(iii) Calculate the standard deviation of the 8 bootstrap estimates

where

B~I E (O*(b) - 0;)2 ,
b=I

~E 0*( b) is the bootstrap mean.
b=I

(3.1 )

As Efron noted, when 8 ~ oC', then Cr B will approach Cr (J' (F), the bootstrap

standard e!Tor. \Ve will also refer to the Monte Carlo estimate Cr as the
B

bootstrap standard error.

3.2 The Adjusted Observation Technique for Stratified Sampling

In this section, we describe the Rao·~ Wu bootstrap approach as it

applies to estimation of the population total from stratified random sampling.

Suppose there are H strata indexed by h = 1,2, ... , H. Let xh = (Xh1' xh2, .,.

X ) dcnote a randoIll sample of fixed SIze nh drawnhnh
without replacement from the hth stratum of SIze l\h and y = Y (Xl' X2' ... ,

x ) the estima tor of the population total yO.
H

The Rao \Vu bootstrap technique for standard e!Tor estimation for an

estimator y (x . X , ...• x ) can 1)(' described bv the' three stel)s:• 1 2 H •

(i) Take a simple rawlo111 sample x* = (x'" , x* , '" ,x* ) of specifiedh hI h2 hmh
sizc 111 with replaceIllent fro111 the real sample {x ,x , .... x } in eachh hI h2 . hnh
stratum h. Calculate the adjusted bootstrap obseryations

x* = x + a (x* - X )hk h h hk h \ (3.2 )

n

wi th x h = It t= x ,w here the adj ustmel1t coefficicn ts arc defined as
h k=I hk

a = ~(N - 11 ) / {N (n - 1 )} . (3.3 )h ~ 1Hh h h .. h h

The bootstrap estimate is thell calculated using the' adjuste'd bootstrap

observation yectors xh = (x* , x* , .,. , x* ).hI h2 hmh
(ii) Inde'pcndcntly replicate step (i) some large n umlJCr (13) of timcs
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awl calculate the COlTI''i]><lllllingestimates y*(l), )'''(2), , y*(13), where

y" y(X1,X
2
,···,X

H
)

(iii) The (~lll11tl' Carlo) bootstrap standard ('IT,)" (·~timator is

with -*y

I .---.

, lIB '"
(T B = \ I B-=-:]: L (Y (b)

b=l

lB.
B L y (hi.

b=l

2

-*)Y (3.4)

Rao - \Vu show that (T 1S a consistent estim,dor for th(' standanl
B

enol' of estimator;; whi.h arc nonlinpar functions of tl\(' ~;ample stratum means

as the lHlmlwr of s tI'a t ,t !wcomc large. Their boots t r,i p ~tandarcl ('nor also

red \1('es tot he st andard ulll' for linear estimators of t I\l' 1,opulat ion total.

3.3 1300tstrap Methods for the Multiple Frame

In adapting t 11<' n ao . \Vu bootstrap appro<llh tot he multipl(' frame

sampling Wit'\! by N:\SS, we simply adjust the bootstrdil sample sizes ill both

t he area and lis t fr,11l1"~ wit hou t adj ust ing th(' basic !'oot"tra p obs('rvations,

Population total est ill li'lt( s from thc rq)('ated multipk frame surveys ''olill 1)('

cOrI'('latcd due to th •. wplicate sampling used in th(' ar •.a allfllist frames and to

the subsampling of ,lES non - overlap area fraIlll' tlads in the Septcml)('r,

Dcccm1wr, awl :-'Iarc h s 11 n'e~'s. The bootstrap S,IIllpli!l!.!, mdllOlls for the list

and area franws ar.' "I'IJstrt1<tcd so that the \"lri,\Il("'''' and covariclllces fur

es t ima tes of popuLI! ion tot als from diffcrelJ t qH,II Ierl~· Sllrveys can 1)(>

approxiIlla tcd.

~Iultipk -su!'\'('~' bootstrap samples are iwlqH'Jlrlr'lltly taken from the

list aIlll ar('(l frallH's. Bootstrap pO})lllatioll estillli!t,·S for the list (OL)

population total and t 1[(' 1\OL domailJ populatiou (utid arc then sllIllIllet! to

produce bootstrap cstil:l.lles for a state total. Tlw' )Uotstrap mdllOrls arc

llc,-doped for the list ,lIlt! area frames in tIlt' IlI'Xt two s('dions awl ar!'

\'alillatcd fur tlw DE ."..tilliators in Section 3.3.3.

3.3.1 Bootstrapping t lw List Frame

Actually thell' iil'" two list frauws rf'l)l"('s('uh'd: tIlt' Decemlwr 19SG
~Iarch 19S5 franlC ,tllll th\' .THIll' 19S5 ~Iar('h i~L"f) frel1lH'. Substnda

corresponding to tb I"plicatioll (rotatioll) gumps d' ,. forIlled within ('<I..Il

stratum for th\' twu list frames. Random sa.mples itl!' tlwll takell from till'

replicatiuu gruup sllLstr,lla. For illnst.ratioll, tlw l'!'pli\'.,tiull groups f(ir a list,
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Table 3.1. Replication Group Sample Sizes for the Stratum # 60 in Ohio for
the Two List Frames

a. The December 1986 - March 1988 List Frame

Nurn ber
Replication of

Group Farms M87 J87 S87 D87 M88

1 92 92
2 92 92 92
3 46 46
4 46 46 46
5 46 46 46
6 46 46 46
7 46 46 46 46
8 92 92
9 46 46 46

10 46 46 46
11 46 46 46 46

Sample Size 230 230 230 230 230

b. The June 1988 - :March 1989 List Frame

Number
Replication of

Group Farms J88 S88 D88 M89

1 100 100
2 50 50 50
3 50 50
4 100 100 100 100
5 100 100
6 50 50 50
7 50 50 50
8 50 50 50 50

Sample Size 250 250 250 250
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stratum 1Il Ohio are displayed 1Il Table 3.1 for the two frames. For example,

the last rcplic ahon gron p m the DeceIll her 1986 ~ [arch 19S5 list fraIlle

consists of the same -lfJ farms that are selected in June 19S7, D('('emhcr 19S7.
and ~larch 1988.

Corresponding tu ·.;tratuIll h (h

fr ame, let

1, 2. . II) 1Il a particular list

g
h

n
hr

the l'upl]]ation size (number of fanlls .

the Sillllpk size

num!)('r of replication groups

1l11111Ln(if farms sampled in replicittioll i-',ruup l' (r 1, 2,

7r
hr

.... 2; )
. h

{7I'hrl' 71'h:"

graup r.

... ~

:\' (n - 1)
h h
~ - n

h h

TheIl the adjust men t C( II,tlicicn ts in (3.3) will 1w itP] In .:-;iIIIa tdy equal to uni Iy

so that the originid J,uot:-;trap observatiOlls ill (3,~! will approximate tll('

adjusted obselTatiou" Tbe silmplc sizc' m is theu ;dl(icdkd (approximately)
h

proportionally to t Iii' 1'1 it atiOlwl group sizes. Thii! is. t 11(' bootstrap salupk

sizes for the rutatiollid groups in lisl stratulIl b arC' .!etnlIline(l as iutegers

The bootstrap sampll' slle

III ;:::~
h

III
h

IS chosell as all iutl'gn ..;uch t hilt

(3.5)

satisfying, for r = 1.:.? ", g ,
Ii

n
In ~~. JH III

hr llh h
subject to

n
h

L
r=1

III
Ilr

III
h

(3.G)

Let I dellok the uumlwr of sun'eys takell fr"l:l d particular frame awl

\'. = v· (x , x . '" . x ) t 11('estimator for the ])o])llb t illl tot al corrcsI)(Jwlilw to• I • I 1 2 H .~

the ith survey (i = 1.:!, , I) from that frault'. T!l<' i)("Jtstrap estimates for

the variances and c(J\'ilriilllces of the e;-.tilIlators ( YI" . ~.I)of population

totals for I surveys fI'Jll a list fraIlle is desni1H'd III 1]111'(' skI'S:

~ 7r~ )~
hrmhr

estimates of

(i) Draw a Silllpk randolIl sillIlplt- of si;ee 1ll,lit]1 repLI('('Illl'ut
Ilf

each replication gru1lj> Sl1 hsalllplc of n farms, 7r' i :r' . ;r f ,
hr lir' lir l' hr2

in each list stratulIl. FrUlIl these SiUllplcs cakubte I]i(' !,oolstrilp

the popnlat ion totals for t he I surveys y* = (v~, y; .. y j).

fro III

(ii) Indc'IH'wklltlv replicate step (i) some large 1I1ll11])('r(13) of timt's awl
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calculate the corresponding estimate vectors y* (1), y* (2), ... , y* (13).

(iii) The bootstrap estimator for the covariance of the estimators y. and
1

y. is given by
J

uB(i,j) = B~l b~l (yi(b) - yn (yr(b) - yr) , (3.7)

for i = 1, 2, ... , I; j = 1, 2, ... , 1. Setting i = j, gives the bootstrap

variance estimator, u~(i) == uB(i,i), of population total estimate the ith survey.
The bootstrap means

y~ = ~ f y~(b) (3.8)
1 b=1 1

provide estimates for the corresponding means of the sampling distributions
E(y.)

1
When the bootstrap method is applied to the DE estimator

H Nh gh nhr .
Yi =h~l nh r~l ~1 xhrk(l) (3.9)

for the ith survey in a list frame (i = 1, 2, ... , I), a corresponding

bootstrap estimate in Step (i) is calculated as

* H Nh gh mhr * .
Yi = h~l mh ~1 k~l Xhrk(1)

Notice that the expansion factors, Nh/nh' III (3.9) must be adjusted to

accollnt for adjustments made in the bootstrap sample sizes. The bootstrap
standard errors and correlation coefficients, corresponding to the covariances
(3.7), are compared with those calculated from the real data in Section 3.3.3.

3.3.2 Bootstrapping the Area Frame

To bootstrap the area frame the JES replicates (see Table 2.3 III

Section 2.3) arc randomly sampled from each paper stratum. Then if a
replicate contains (two) different segments during different years such
segments will have the sanw replicate match in all bootstrap trials. Also, the
tracts that were selrcted in the real September, December, or March survey
subsample from each segment selected in the JES are retained in the bootstrap
samplps. That is, we do not subs ample the bootstrap samples of segments
selected in the JES. When applied to the DE estimators for the NOL domain,
the bootstrap procedure will then estimate the nested component of the
variance (a1H1 replicate - matched covariance) estimators. The comparisons
that were made in Spction 2.2.2 (see Table 2.2) for the nested component
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vafliUlcc (approxiIllate variance) estimator with the correspondin~

Kott .Johnson variall(,(' estimator indicated that cst ima tion of th(' lleste(l

components provides reasonably good approximations to the true variances.

The llested com poncn t approximations should be adeql:a te for comparing the

SE's or :t\ISE's of diffef('llt estimators because the approximation biases should

telld to cancel out of S E and MSE ratios because Sll, h biases should to be

highly correlated wllt'll t IH' differ('nt estimators arc cill< ula/cd from the same

bootstrap samples.

Their bootstrilp me! hod for the ar('a frame is silllilitr to that described

for the list framt'. Inste'td of sampling farms from each replication group in

the list, replicates (replicate - matched se~ments) aTe sample(l from each paper

stratum. AllY segnl<'llt ~<'leded could nmtain 1l0W'. OIlt" or seyeral NOL tracts

( farms).

For a giYt'n sLtt.'. let H denote the total num])!'r of paper strata in the

area frame. For papel strahlI11 11(11 = 1,2 .... , H), k'

Nh the popula t ion size (number of scgmell h )

nh the ~alllplc size

{~ ,~ ... , ~ }hI h2 h9h denote replic"at.,s in the sample.

The boobtrap sample sizes I11h = nh - 1 are usc(l i,l c;\ch stratum. Because

the JES expallsion factors are large (N h / nh > 117). rh(' original bootstrap

observations will accurately approximate the Rao . \\'u adjust('d obs('rvations

(see ('quat ions 3.2 a III1 33).

Let y. = y. ( 11" " 11" • "" 'Ir ) denote the estiIlldtor for the 1)OlHllation
'I 'I I 2 H

total cOITespolldillg to tht" ith survcy out of the I = 9 <In'a frame surveys. The

bootstral) estimates for t he variances and covarialln's of the estimators (v . V .
'I '2

. YI ) of the popu] a t iOll totals in the \" 0 L domaiu fur I area frame surveys

IS desrrilH'd in three srq)s:

(i) Draw a simple random sample of sm' Illh == nh - 1 with

r('placcm(,llt from cadi replication group, ~* = (7r* .;r' .... , JT"'" ), in eachhr hr1 hr2 hrmhr
paper stratum. TIlt' sillllples are selected illclep('lld"ll t 1y from th(' diffncIlt

paper strata. From these bootstrap samples calculate the bootstrap estimates

of the population totills for the I surveys y*= (y~. y; .. yi).

(ii) IndcpendeIltly' replicate step (i) some lan!;<, Ilumber (B) of times

and calculate tllt' corresponding bootstrap estimate vectors y*( 1), y"'( 2) .... ,
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y*(D).

(iii) The bootstrap estimator for the covanance of the estimat,ors y.
1

and Yj' for surveys i and j, is given by

0- (i,j) = B~l ~ (y~(b) - y~) (y~(b) - YJ~)' (3.11)
B b=l 1 1 J

For the DE estimators in the JES and other three quarters (2.3 and
2.6), the expansion factor corresponding to a tract and survey must be

multiplied by the expansion adjustment factor nh I mh = nh I (nh - 1) to
account for the change in sample size used for bootstrap sampling of segments
from a paper stratum. The bootstrap standard errors and correlations for the
DE estimates are compared with those calculated from the real data in the
next section Section.

3.3.3 Bootstrap Results for the DE Estimators

The multiple - survey bootstrap methods were used to obtain two
independent sets of 1000 bootstrap samples: one set from the list frame and
the other set from the area frame. The bootstrap methods are validated by
comparing the bootstrap standard errors and correlation coefficients for the DE
estimators with the corresponding statistics calculated from the real survey
samples. The same two sets of bootstrap samples will be used to evaluate and
compare the alternative estimators developed in the next two chapters.

Several summary statistics were calculated for the bootstrap DE
estimates for total hogs in the NOL, list, and multiple frames in the 9
quarterly surveys (.r-•.larch 1987- March 1889) from Indiana, Iowa, and Ohio.

Table 3.2 compares the bootstrap means, standard errors, and coefficients of
variation with the corresponding statistics calculated from the real samples

(see Section 2.2). Overall there is good agreement betwecn the bootstrap and

real sample estimates. Similarly, Table 3.3 shows good agreement between the
bootstrap correlations and the corresponding real- sample correlations among
the DE estimators for the 9 surveys.
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Table 3.2 COlllparisolls of the Mean, SE, and CV of the Bootstrapl(BS)
Direct Expansion Es t imittes for Total Hogs ( 1000 ) with the Corresponding
Real-sample Direct EXIJ,l1lsion (DE) Estimates, SE, and CV in the NOL, List,
and rvIultiple Frames for Nine Quarterly Surveys

a. Indiana

EstiIlld t(·s Standard Errors Cods of Var %
----- --

ReI. 2 R1'1.2 ReI. 2

Survey DE 11eitll Diff% DE Mean Diff% DE Mean Diff%

NOL

M87 574.4 57.'3.1 0.64 125.32 128.84 2.81 ~!1.82 22.29 2.15
.187 407.7 411.2 0.85 90.41 87.88 -2.80 22.17 21.37 3.62
587 972.7 985.9 1.35 268.09 270.25 0.80 27.56 27.41 -0.54
D87 774.2 778.2 0.52 160.53 156.36 -2.60 20.73 20.09 -3.10
M88 469.5 474.2 1.01 121.90 123.46 1.28 ~~5.97 26.04 0.27
.18R 528.2 527.4 -0.15 108.08 108.47 0.36 ~~o.46 20.56 0.51
S88 485.9 485. 9 0.00 118.43 119.70 1.07 2·1.37 24.63 1.07
D88 481.5 481.9 0.09 134.70 138.13 2.55 ~~7.98 28.66 2.46
M89 457.6 45.")3 -0.50 133.83 135.76 1.44 ~~9.25 29.82 1.95

List

M87 3431.1 3437.5 0.19 124.46 120.93 -2.83 3.63 3.52 -3.02
.187 3597.4 3601.8 0.12 113.66 112.72 -0.:33 3.16 3.13 -0.95
587 3951.9 3900.1 -0.05 130.01 124.22 -4.45 3.29 3.14 -4.40
D87 3840.9 38·17.0 0.16 114.19 108.57 -4.92 ~~.97 2.82 -5.07
M88 3403.7 3402.7 -0.03 100.42 100.45 0.04 ~.95 2.95 0.06
.J88 3892.7 3891.9 -0.02 146.84 136.77 -6.85 3.77 3.51 -6.83
S88 4110.8 4106.9 -0.09 155.26 145.55 -6.25 :~.78 3.54 -6.17
D88 3686.1 3679.1 -0.19 116.97 112.31 -3.98 :3.17 3.05 -3.80
M89 3399.4 33%.7 -0.08 91.49 89.74 -1.91 ~.69 2.64 -1.83

Multiple Frame

\187 4005.5 4015.'7 U.25 176.62 179.16 1.44 L41 4.46 1.18
.187 4005.1 4013.0 0.20 145.24 145.38 0.10 :1.63 3.62 -0.09
S87 4924.6 4935.9 0.23 297.95 298.37 0.14 (j.05 6.04 -0.09
D87 4615.1 4625.2 0.22 197.00 192.12 -2.18 1.27 4.15 -2.69
\1t18 3873.1 3876.9 0.10 157.94 161.29 2.12 1.08 4.16 2.02
.188 4420.9 4419.4 -0.03 182.32 175.47 -3.76 1.12 3.97 -3.73
SK8 4596.7 4592.8 -0.08 195.27 191.73 -1.82 -t ') r: 4.17 -1.73,~0

D88 4167.6 4161.1 -0.16 178.40 184.56 3.45 -+-28 4.44 3.61
M89 3857.0 1944.0 -0.13 162.11 163.03 0.57 ·+.20 4.23 0.70
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b. Iowa

Estimates Standard Errors Coefs of Var %

ReI. 2 ReI. 2 ReI. 2

Survey DE Mean Diff% DE Mean Diff% DE Mean Diff %

NOL

M87 2758.1 2766.9 0.32 436.36 450.35 3.21 15.82 16.28 2.88
J87 3379.0 3379.7 0.02 458.90 458.52 -0.08 13.58 13.57 -0.10
S87 3645.4 3644.1 -0.04 498.10 494.66 -0.69 13.66 13.57 -0.66
D87 3479.7 3473.0 -0.19 548.29 540.11 -1.49 15.76 15.55 -1.30
M88 3368.3 3363.5 -0.14 535.06 522.31 -2.38 15.89 15.53 -2.24
J88 3379.3 3369.9 -0.28 446.16 446.99 0.19 13.20 13.26 0.47
S88 3495.5 3485.6 -0.28 440.73 436.41 -0.98 12.61 12.52 -0.70
D88 3146.9 3133.2 -0.44 506.57 504.57 -0.40 16.10 16.10 0.04
M89 2648.3 2646.2 -0.08 414.27 423.36 2.19 15.64 16.00 2.28

List

M87 9524.1 9516.2 -0.08 273.27 273.49 0.08 2.87 2.87 0.17
J87 9744.5 9741.6 -0.03 263.33 268.91 2.12 2.70 2.76 2.15
587 10454.2 10452.0 -0.02 337.50 336.60 -0.27 3.23 3.22 -0.24
D87 10021.8 10033.3 0.11 305.28 316.18 3.57 3.05 3.15 3.45
M88 9642.7 9643.2 0.00 307.77 281.81 -8.43 3.19 2.92 -8.44
J88 10811.0 10805.5 -0.05 287.47 281.83 -1.96 2.66 2.61 -1.91
588 10913.9 10930.0 0.15 291.14 288.81 -0.80 2.67 2.64 -0.94
D88 10568.0 10593.4 0.24 331.11 327.37 -1.13 3.13 3.09 -1.37
M89 10406.0 10426.2 0.19 315.08 307.02 -2.56 3.03 2.94 -2.75

Multiple Frame

M87 12282.1 12283.1 0.01 514.86 521.08 1.21 4.19 4.24 1.20
J87 13123.5 13121.3 -0.02 529.08 531.98 0.55 4.03 4.05 0.56
587 14099.6 14096.2 -0.02 601.67 607.31 0.94 4.27 4.31 0.96
D87 13501.5 13506.4 0.04 627.55 624.71 -0.45 4.65 4.63 -0.49
M88 13011.0 13006.7 -0.03 617.26 589.79 -4.45 4.74 4.53 -4.42
J88 14190.4 14175.4 -0.11 530.75 541.40 3.74 3.82 2.11 -2.01
588 14409.4 14415.6 0.04 528.21 545.52 3.28 3.67 3.78 3.23
D88 13715.0 13726.6 0.08 605.19 601.91 -0.54 4.41 4.38 -0.63
M89 13054.4 13072.4 0.14 520.47 526.41 -1.14 3.99 4.03 1.00
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c. Ohio

Estimates Standard Errors Cods of Var %

ReI. 2 ReI. 2 Rd.2

Survey DE 1\1ean Diff% DE Mean Diff 7c DE :Mean Diff7r

NOL

\187 468.5 472.4 0.82 167.06 162.51 -2.73 3S.66 34.40 -3.52
J87 717.7 724.2 0.91 173.49 169.60 -2.25 24.17 23.42 -3.13
S87 682.3 687.3 0.73 158.13 152.34 -3.66 2:L17 22.16 -4.36
087 754.8 754.1 0.09 231.62 235.62 1.72 30.69 31.24 1.82
M88 462.2 466.9 1.02 121.88 127.50 4.62 2(;.37 27.31 3.56
J88 526.4 531. 7 1.00 142.11 139.61 -1.76 2,'.00 26.26 -2.74
S88 632.6 638.5 0.92 163.87 161.81 -1.26 2D.90 25.34 -2.16
D88 528.9 532.7 0.72 130.34 127.13 -2.47 24.64 23.86 3.16
M89 388.0 386.2 ().47 107.10 108.41 1.22 2~'.60 28.07 1.70

List

M87 1434.6 1439.9 U.37 88.16 86.13 -2.30 (;.15 5.98 -2.66
.J87 1427.1 1432.5 0.38 91.77 94.21 2.65 (,.43 6.58 2.27
S87 1510.7 1506.9 0.26 97.84 99.49 1.69 fJ .48 6.60 1.95
D87 1281.1 1276.S 0.34 64.98 64.50 -0.73 ~i.07 5.05 -0.40
M88 1335.5 1336.4 0.07 78.79 75.63 -4.01 ~).90 5.66 -4.07
.J88 1858.8 1867.G 0.47 116.50 114.93 -1.35 G.27 6.15 -1.82
S88 1636.0 1636.8 0.05 84.80 85.46 0.78 S.18 5.22 0.73
D88 1637.2 1646.7 0.58 123.05 122.64 -0.33 7.52 7.45 ·0.91
M89 1544.8 1557.S fl.65 113.46 112.30 -1.02 7.33 7.21 -1.66

1\1ultipk Frame

M87 1903.1 1912.3 0.48 188.89 184.03 -2.58 9.93 9.62 -3.04
.187 2144.7 2156. "7 0.56 196.27 193.27 -1.53 9.15 8.96 -2.07
S87 2193.1 2194.2 0.05 185.95 177.74 -4.41 S.48 8.10 -4.46
087 2035.9 2030.9 0.25 240.56 242.48 0.80 1:..8211.94 1.05
M88 1797.7 1803.3 0.31 145.13 150.48 3.69 t:.07 8.34 3.36
.188 2385.2 2399.3 0.59 183.76 177.74 -3.28 ,'.70 7.41 -3.84
S88 2268.6 2275.2 0.29 184.51 182.13 -1.29 8.13 8.00 -1.58
D88 2166.2 2179.5 0.61 179.25 175.53 -2.08 t..28 8.05 -2.68
M89 1935.8 19··H,0 (1.43 156.03 162.87 4.38 E:.06 8.38 3.94

1. Bootstrap multipl!' ->mvcy samples of size 1000 \','l'1'(' independently
drawn from the NO!' and list frame in each stith'

2. Relative Diffcrel!cc 'X = (BS~:E) 100%
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Table 3.3 Correlation Coefficients of DE Estimates of Total Hogs in the Non
Overlap, List, and Multiple Frames for Nine Quarterly Surveys

Bootstrap estimators above the diagonal
R('al sample estimators below the diagonal

a. Indiana

Survey M87 J87 S87 D87 M88 J88 S88 D88 M89

NOL

MK7 1 .2.53 -.021 .232 .399 .167 .264 .046 .038
.1K7 .2,12 1 .210 .241 .417 .184 .178 .220 .246
SK7 .029 .306 1 .717 .010 .109 -.006 .08,1 .139
1)."-\7.2;37 .299 .713 1 .461 .239 .179 .139 .168
M."-\8.3~H .40-1 .077 .511 1 .254 .426 .263 .238
.188 .099 .197 .092 .224 .233 1 .778 .691 .650
S."-\."-\.19G .178 -.003 .174 .401 .763 1 .700 .668
1)88 .017 .230 .100 .155 .254 .699 .706 1 .848
M89 .020 .201 .134 .170 .230 .640 .669 .840 1

List

M."-\7 1 .~~06 .055 .114 .053 0 0 0 0
.187 .296 1 .316 .188 .042 0 0 0 0
SK7 0 .315 1 .174 .076 0 0 0 0
D87 .1·18 .196 .155 1 .243 0 0 0 0
M88 .051 .113 .081 .233 1 0 0 0 0
.188 0 0 0 0 0 1 .655 .204 -.002
S88 0 0 0 0 0 .723 1 .387 .240
1)88 0 0 0 0 0 .28·1 .458 1 .259
M89 0 0 0 0 0 0 .260 .290 1

Multiple Frame

M87 1 .261 .001 .206 .283 .111 .175 .033 .032
.187 .270 1 .217 .199 .222 .103 .067 .120 .125
S87 .018 .279 1 .554 .040 .063 -.001 .026 .072
D87 .197 .2·11 .562 1 .413 .130 .133 .123 .142
M88 .239 .:250 .076 .407 1 .140 .250 .176 .152
.188 .042 .073 .049 .108 .107 1 .689 .439 .3·17
S88 .08-1 .067 -.002 .086 .188 .737 1 .542 .-167
D88 .009 .108 .068 .095 .148 .462 .5G2 1 .665
M89 .011 .13·1 .099 .115 .146 .313 .452 .630 1
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b. Iowa

Survey 1\187 J87 S87 DS7 MSS JSS SSS DSS 1\1S9
------

NOL

\I~7 1 .680 · (;(5O .566 . 5~34 .212 · 10~ .155 · :2:)~)
.JR7 .695 1 · q l:3 .836 .831 .379 .:3()<l .354 · 3:3G
S~7 .6·19 .91·1 l .871 .8-15 · :3~)() · :3;"-\5 · ·103 · ·11-I
[)~7 --'J .8:39 s'-') 1 .9~n · -lG8 · ·1.')7 .·184 .466· ;J' .•... ~( /--

M~8 .5·12 .8·12 .8.'")1 .934 1 .428 · ·137 .4·13 .:393
.188 .218 .408 · -I 1·1 .475 .437 1 ·x-15 .864 .867
588 .200 .360 · :379 .441 .418 .846 1 777 .74.5
D88 .174 .38.3 .·129 .507 .468 .858 .774 1 .802
\189 .223 .3f).C) L~2 . ·171 .398 · ."'-\()'2 · 7·10 .895 1

List

M87 1 .2·17 · 0)·1 .164 .075 0 0 0 0
J~7 .2·1·1 1 ll)(} .187 .007 0 0 0 0
587 0 .190 1 .228 .161 0 0 0 0
087 .1·18 .219 · -2~~H 1 .245 0 0 0 0
\I~8 .014 .102 117 .228 1 0 0 0 0
J~8 0 0 I) 0 0 1 · :3,'-\0 .1.51 .039
S88 0 0 'J 0 0 · :q:2 1 .362 .: ..W·l
[)8R 0 0 .J 0 0 · 17:, " :~:)1 1 .27f)
\189 0 0 :) 0 0 0 ,2,"'-\9 .272 1

Multiple Frame

M87 1 ..571 159 . ·164 . :375 .1·19 .186 .100 .173
.187 .575 1 · (i91 .676 .641 ')-- .293 .262 .252• ~ I I

S87 · ·1.55 .709 1 .703 .669 .2R"-, .294 .28.5 .285
D87 .462 .689 .711 1 .770 · :320 · :3:3,'-1 · :3:36 .311
\188 .402 . f),S8 · (il·l .763 1 · :)02 .:341 · :312 .269
.188 .155 .297 .2'-1.'01 .3·19 .319 1 .718 .668 .601
S88 · 1·12 .260 .2(;2 .321 .303 · (;~)() 1 .667 .578
[)88 · 12:3 .:27K .297 .370 .340 .65(; .()<J6 1 .69:3
\lR9 .151 .24:::' .2('8 .328 .2('4 · [l('f) .588 .686 1

---- .--- .~-
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c. Ohio

Survey M87 J87 587 D87 M88 J88 S88 D88 M89

NOL

M87 1 .711 .698 -.022 .056 .722 .666 .702 .137
J87 .745 1 .935 .315 .644 .728 .749 .622 .060
887 .735 .936 1 .432 .559 .671 .727 .605 .075
087 .065 .350 .470 1 .540 .189 .250 .086 -.052
M88 .116 .650 .563 .536 1 .321 .389 .254 .111
J88 .745 .765 .708 .259 .372 1 .938 .828 .296
888 .696 .782 .758 .301 .434 .940 1 .811 .318
088 .724 .677 .660 .190 .317 .834 .816 1 .560
M89 .161 .135 .164 .082 .185 .334 .359 ..571 1

List

M87 1 .466 .030 .148 .057 0 0 0 0
J87 .442 1 .232 .218 .087 0 0 0 0
S87 .003 .214 1 .231 .161 0 0 0 0
087 .148 .228 .247 1 .223 0 0 0 0
M88 .002 .058 .185 .235 1 0 0 0 0
J88 0 0 0 0 0 1 .256 .142 -.001
888 0 0 0 0 0 .266 1 .293 .127
088 0 0 0 0 0 .172 .286 1 .498
M89 0 0 0 0 0 .001 .156 .525 1

Multiple Frame

M87 1 .653 .510 -.017 .040 .457 .514 .428 .107
J87 .679 1 .738 .279 .484 .463 .574 .370 .046
887 .554 .757 1 .376 .437 .402 .526 .344 .075
087 .074 .326 .420 1 .494 .103 .208 .071 - .009
M88 .087 .497 .455 .468 1 .205 .290 .146 .074
J88 .510 .523 .466 .193 .241 1 .709 .<194 .169
888 .547 .614 .573 .257 .324 .723 1 .594 .260
088 .466 .435 .408 .133 .194 .544 .617 1 .567
M89 .098 .082 .096 .054 .106 .178 .271 .547 1
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Chapter 4

Empirical Bayes Estimation

The empirical Bayes approach for estimation lIse:, estimates for related

parametf'rs to improve t Ill' efficiency of estimation for a particular paramf't('L

The book by ~1ari tz (1970) discusses the developnwll t of empirical Bayes

l1lf'thods and providps lllilllY examples. More recently, lWLny applications have

been made to survey sampling (e.g.; Fay and H('ITlut. 1979; Fay, 1986;
Johnson, 1985; Ghosh and Lahiri, 1987; MacGibbon awl Tomgerlin, 1987).
Fay and Herriot (19791 d('veloped an empirical Bay('s pl'j('l'dure for small area

estimation w hic h was hased on a mixed linear rrwdel fOl 1elit ting the pstimates

from many small ,In'ii'; repn'spnted in alaI)!," "11l'\'(·V. \Vp aditpt the

Fay - Herriot approac 1: to estimation of total hogs £rOlll t11(' \" ASS repeated

multi ple- fr amf' surv( ')'S,

In Section ..f 1, a mixed linpar model IS described for the

multiple" survey dirc( t expansion (DE) f'stima(ors w1idl assllmes that the

state population toLd" viiry over Sf'aSOIlS 'within 'y"ar~ ).111 h'wl to 1)(' constant

over years. In SectilJlI 1.2, the usual empirical DinT:' I ED) estimator for

mixed models is descn lwd, This EB estimator is pelW[idi/l·d to include locally

weighted least squares l,,,timation for the regrpssioll nwfti,icnh of the scasonal

com ponen ts in tllf' Illudd, This local weighting is Cull"id( '1'1'(1a s a method of

improving robustnl''is with regard to thp asslllllptiol1 of st ationar:'l

seasollally" adjusted pUjllllation totals. A truncatioll 1('( ILlliqlle is also applied

which limits t hp dejl,lrt 11['(' of the ED estimatps fr(J1ll 1])(' n>lTespo11dillg DE

estimatps. In Sectioll ·1.3, the performil11ce of tlH' EB dlld DE estimiitors are

compared using bootstriip samplillg.

4.1 The Mixed Effects Lieell.r Model

Let Y = (Y1· "2' , Ym)T denote th<' DE 11IIlltiple fraIllI' estimator

vector for III ('Ol1se('\1(1\",' Il'lilrkrly SlHVI'YS awl yO tIll' ,'edor contailling the

corresponding unk110wlI population tot also T1l(' gl'Il<'I;d forrn of tll(' Illixed

dfects li11ear Illodd WI' l1se is

",lith Zf-J -+ b , (4.1 )

that IS,

y = Z/J + b + { , (4.2)

where band { an' illd"pl'l1dellt ralldom vectors, The DE estimatur y
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condi tional on the particular k survey populations observed (yO is fixed), is
assumed to have a multivariate normal distribution with fixed mean yO and

unknown covariance matrix t(. Note that t( measures the sampling
variability (and covariability) of the DE estimators. The random population
total vector yO is assumed to have a multivariate normal distribution with
the mean Z{3 defined by the components

(4.3)

which vary over seasons within years but are constant over years, and the
covariance matrix t6 with elements defined by

Cov( y? , y?) = ( r
2

) pi i - j I
1 J ( 1 _ /)

(4.4 )

This covanance structure anses from a first-order autoregressive process for

the residuals, 6i = p6i-1 + ui' where the ui's are un correlated with mean
zero and variance r2

• Corresponding to our study series of 9 quarterly surveys:
March 1987- March 1989, the design matrix defined by (4.3) is simply

Z T = r ~ ~ -~ ~ ~ ~ -~ ~ ~l
o -1 0 1 0 -1 0 1 0

In a longer series one might prefer~o use the saturated model with a different
parameter corresponding to ('ach of the four quarters instead of the three
parameter form (4.3).

Unckr the assumption of multivariate normal distributions for yO and
for y, given yO, it tllf'n follows the conditional distribution of yO, given y, is
also multivariate normal with m('an

E ( yOIy) = Z {3 + K (y - Z (3)

and covaria!l('(' matrix

where

(4.5 )

(4.6)

(4.7)

Further, the marginal distribution of y is multivariate normal with mean
Z fJ and covariance V. In tllf' case of known covariance V, the least squares
estimator for fJ IS

A T -1 -1 T -1
{3 = (Z V Z) Z V y .
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As Prasad and Rao (19SG) point out, when p in (4.5) is replaced by jJ tllP
resulting estimator (predictor) for yO was shown by Hewlcrson (1975) to be
the best linear unhiased predictor (BLUr) in the mixed liupar model.

4.2 Empirical Bayes Estimators

The uSllal (Fay dlJd Herriot, 1979) ED estilliator (or approximate

BLUP) for the mixed liuear model

y = Z ~j + :k (y - Z jJ) (4.8)

IS ohtained from (4.5) by replacing the unknown covari.mce matrices t( and

t{J with their estimates tt and tf, in (4.6) and (4.71. Equation (4.8) gives

tilt' ED estimate as tllt' regression estimak Z Ii ]'Ins till' pro(luct of the

resid ual y - Z;J all<1 t )It' "shrinkage" ma trix :k. TljI' amount of shrinkage

of the DE estimate y t()ward the regression estimat(' Z;i dq)('ncls on tb·

alllOllg survey variation of the residuals relative to the withill survey sampling

viuiation of thc DE estilllatl'S. From equatioIls (4.·1). (1.1"») alld (4.8) it can he

~wen that if T
2= 0, (")j"Jl'sponding to zero variatioll iiLOllt the population

regresslOn fllnd ion, tlwil \, = Z jJ . At the otlH'r ex t n '; IlC. as r2 ~x, then

y~ y.

In repeated Sll1"\'I'\' applications, estimatioll of tilt' population total

cOlTespowling tu the IlI(lSt recent survey (i = m) is of primary interest. 1'1]('

EB estimates \'. corlt's!)()lldillg to !)l'cvious SlU\'('VS 11 < m) deIH'ncl all data. I ' . ,

t hat occurs at a later ditt.' An estimate \'. with i < ]11 is t lWll regarde(l as
~ 1 u

a ]"('\'isioll of the estilll,t\(' that \vas made earlier at that tilllC the ith SlUYCYwas

the cUITent SUI'\TV,

Loc ally weigh It'd It'ast squares estimation uf the '''('gressltJll cocfficien ts

IS 1I0W considert'd to illlJ 'JU\'t' robustness with resped lot llt' 1I1Odcl assumptiou

(4.3) which implies thit! dw populatioll totals do ll<Jt klHl to challge over

\TiUS, Corresponding to tilt' ;tll survey, the weidJft·,J l't'c,ressiull coefficicnt

es t ima tor is

wl\('1'('

5
awl \V.

(I)

ddilled by

. -1 -1 T,-1
V. Z) Z V. y

(I) (I)

, -1 :", -1 5
V(i) = Wli) (t., + tb) W(i)

]S the di<lgullid 'St 'igh ling matrix wi t h

(4.9)

(4.10)
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(4.11 )

and a specified dampening constant d (0 < d ~ 1). The locally weighted
En estimator is then

Y = y + K (y - y) with Yi = Zi P(i) , (4.12)

where the "shrinkage" matrix K has the form in (4.6) and Z. is the ith row
1

of Z. Notice that the usual EB estimator (4.8) is a special case of (4.11)
when d = 1; that is, when all the weights are equal. For 0 < d < 1 the
weights decrease exponentially with the time difference from the current
survey. Other weighting functions (Cleveland, 1981) could be used in place of
exponential weighting.

Estimation of the covariance matrices tf and t6 is now considered.
As a function of the unknown covariances, the locally weighted BLUE for
E(y) can be expressed in the form

T -1 -1 T -1Y = S y, with S· = Z. (Z V. Z) Z V. (4.13)
1 1 (1) (1)

representing the ith row of the "smoothing" matrix S. Then under the
assumptions of the mixed linear m'Jdel (4.3) the residual vector r = y - y =
(I - S) y has a singular multivariate normal distribution with zero mean and
covariance matrix

Ttr = (I - S) V (I - S ) (4.14)

of rank m - p. The sampling covariance matrix component of V is replaced

by the estimator (2.15) described in Chapter 2, if = c6vMF. Thus, only the
parameters r2 and p in t6 remain to be estimated. A maximum likelihood
method for estimation can be used. First, transform the residuals u = P T i-
to a nonsingular multivariate normal distribution in m - p variables, where
the rows of P T are the eigenvectors corresponding to the positive eigenvalues

\, "\2' ... , ..\m-p of tr· Then the resulting loglikelihood function
2

m-p u.
1(r2

, p) = -.I: {In(\) + ..\~} (4.15)
1=1 1

can be maximized by some iterative method. We applied the OPTIMUM
procedure in the Optimization Module of the GAUSS system using a
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logari thrnic transforllla t ion of T

2 and a logi t trallsformatioll of (J in the

loglikelihood function. It should be noted that the loglikdihood function call

be monotone de(Tcasing in T
2. Moreover, p is iIJIIf'krminate when T

2 = 0

because t /j is the ZlTu matrix in this case.

Consideratiou of it diagonal form for t( IS (If special interest !)('causl'

then the only data summary statistics required are the DE estimates and their

variance estimates. Currently, NASS has retaiucd llwse summary statistics

for over 40 consecutive quarters in the 10 major hog I,roducing states. If we

further take p = 0 t IWll the shrinkage matrix k i:; diagonal so that the En

estimates reduce to
~2
T ( AYi:= Yi +.2 .2 Yi - Yi)

T + ui
Determination of T

2 still requires iteration. However, if we further restrict

the sampling covariallce matrix estimate to the OIl<' parameter diagonal form

t( = 0-2 I, the maXillllll11 likelihood estimator for T
2 t ':wn reduces to

m-p ( u?)L -1.
T 2._ max {i=1 '\- m-p o } .

(4.16)

(4.17)

The positive eigenvalue vector A and correspondiIlg eigenvector matrix P
T

can now be obtaine(l from th(' matrix (I - S) (I - S ), which is independent

of T
2, since the COl1stan~.in the diagonal of V:= (." I'a.") I can be factored

out of (4.14). \Ve simply take 0-2 to be the lIle,lII "I' the sampling variances

from the m surveys. A lso, the regression coefficiell t s i IJ (1. g) reduce to

(4.18 )

where W. = W'~ W ~ is the diagonal matrix \vitb delIll'nts w(.). defined(I) (I) (1) I J
in (4.11). In the llliweighted case (d == 1) equatiou (·ti7l reduces to the usual

analysis of variance forlIl
m 2

{
L (y.-y.)
. 1 1

.2 . 1=1
T =- Ill,LX In _ p (4.1 g)

Efron and 110rris (1972) proposed limitiug tlt(' (leparture between the

En estimator the "inglc sample estimator as ,I ] lll't hod for reducing the

maximum mean square error over several estilllator~. SilIlilar to Fay and

Herriot (1979), we limit the departure to some specified Illultiple, t, of the
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standard error for the DE estimator

y. + h SE( y. )
1 1

y.
1

y. - h SE( y. )
1 1

for y. >y. + hSE(y.)
1 1 1

for Yi - t*SE( Yi ) ~ Yi ~ Yi + t*SE( Yi) (4.20)
for y. < y. - h SE( y. )

1 1 1

(4.21 )

Note that this "truncated" ED estimator is constrained to be within an

approximate confidence interval for y? with limits y. ± t * SE( y. ), where the
1 1 1

truncation constant t can be chosen to correspond to a specified level of
confidence. For example, t = .674 corresponds to the 50 % confidence
level. Notice that the truncated EB estimator reduces to the untruncated
estimator when the truncation constant is chosen larger that the largest
absolute value of the standardized differences between the un truncated ED and
the DE estimates

T._IYi-Yil
1 - SE(y.) .

1

Hence, the generalized form of the EB estimator which includes the local
weighting (4.8 - 4.11) and truncation (4.20) reduces to the usual ED
estimator (4.5 - 4.7) when local weighting dampening constant d = 1 and

the truncation constant t -+ 00. The notation Y will be used for all forms of
the ED estimators.

The general structure of the EB estimator can be summarized by
noting the following: First, the estimate for the long run tendency of the DE
estimates from repeated surveys is found by smoothing the individual DE
estimates y = S y. The smoothing coefficients in S are dependcnt on the
form of the seasonal adjustment (4.3), the local weighting (4.10, 4.11), the
covariance for population totals (4.4), and the sampling variahility tc Next,
the DE estimates, y, are shrunkC'n toward the estimates of long run tendC'ncy,
y, to produce the ED estimates y = y + K (y - y). The shrinkage
coefficients in k are dependent on only the covariance structures (4.6).
Finally, the ED estimates are truncated (4.20) so that thC'y do not deviate "too
much" from the corresponding DE C'stimates.

4.3 Performance of the Empirical Bayes Estimators

SevC'ral different forms of the EB estimators for total hogs in Indiana,
Iowa, and Ohio arc C'valuatC'd for the 9 quart,erly surveys: March 1987 March

1989. Twcnty --C'ight diffC'rent ED estimators (see Table 4.3) arc considC'rcd,
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which correspond to (lifferent sampling and populatiiJI: covanance structures

and different local weighting dampening and tnrnca.1ion constants. Each

estimator is calculated for the real data samples and the corresponding set of

1000 bootstrap samples for each survey. The various ED pstimators depend

on the data only through the multiple· framp DE estimates and thpir

covariance estimatps. The results arc displayed fur e;lC::l survey, 1Il Tahles 4.1

and 4.2, for only two casps. The two cases con(,~,p()wl to the differeut

sampling covariance estimates:

and

with p = 0 , d = .9, awl t

t{ = covMF (arbitrary),

.674 in each case.

First, tlIP E E3 (jIl(l DE estimates calculah'd for the real data are

discussed.

4.3.1 Estimates for the Real Data

In Part 1 of T<lhks 4.1 and 4.2 (at tIlt' ('wI of this chapter), the

DE estimates (y), tIll' ED estimates (y), awl the percent difference:

100", (DE· ED) / DE ar<' displayed. Also inclll<lcd SOllW statistics used in tlIP

calculation of the ED ('stimatl~s: the locally weight <,d regresslOn coefficient

estimates /1(i)' the fiul,(1 values y (4.12), and the ~talldardiz('d differences

Iwtwceu the uutnlIlciikd (d = =) ED aud DE e'itimilks, T (see 4.21). Thl'u

aHY ED estimate wit hiT I > .674 is truncated with t .=- .674 in (4.20).

Correspowliul!, 10 tIll' covariance estimates ";.~I (r2 I and t[,= 1-2I

used in Table 4.1, till' locally wcighted regressioll !':-;timates arc given by

(4.18). Also in this id~,(', the residual mean SCjU.i!I' ill (4.17) was found to he
iudependeut of the rlillllJH'uing coustant d. Heu!!', t 1)(' population variance

estimate 1-2 cau simply Ill' evaluated by (4.19). Only fOIl'Indiana docs 1-2 > 0,

cOITespoudiug to t 111' r. '~;idual mean square in (4.19) exceeding the average

sampliug variance ,:"2. The shrinkag'~ coefficieut (S.C.) is also included in

Tahle 4.1.

In Tahle .t.~. t he general form, t( -. covMF for the sampliIlg

covari;U1Cl' estimate n-<[uircs tlw geIleral forms for tIll' locally wcighte<1

I'l'gressiou coefficieuh (-1.9), t.he maximum likl'lihood ('stimate 1-2 (4.15 with
A A -1

P = 0), awl the skrinb.ge mat.rix K == 1-2 V ill (4.G). In Table 4.2, 1-2> 0

for Iudiana and Ohio
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Before discussing the bootstrap comparison of the EB and DE

estimators, the criteria used for comparing them are described.

4.3.2 Performance Criteria

Several bootstrap summary statistics are given III Tables 4.1 - 4.3 for
comparing performance characteristics of the EB and DE estimators. The
vanous bootstrap statistics provide estimates for the corresponding
characteristics of the theoretical sampling distributions of the EB and DE
estimators.

Let y~(b), for b = 1, 2 , ... , B; denote the EB estimates from the
1

ith survey in each of the B = 1000 multiple - frame bootstrap samples. The
bootstrap mean, standard error, and coefficient of variation are defined as in
Section 3.1

-* 1 f: y~(b) (4.22a)y. ,
1 B b=1 1

SE(y~ ) = 1 B _)2 (4.22b)B-1 L (y~(b) - y~ ,
1 b=1 1 1

and CV(y~) =
SE(y~ )

(4.22c)1
1 - *y.

1

The DE estimators are assumed to be unbiased. The bias for the ED

estimators is thcn taken as the difference of the bootstrap means for the ED
and DE estimates

BIAS (y~) = y~ - y~ (4.23a)
1 1 1

Tlwse biases are included ill Tables 4.1-4.3 as a percent of the DE mean

IS an estimate for square root of the expected squared deviation of the ED

~

_ 0 2
E(y.-y.).

1 1

estimator, the root mean square error is just the standard error since the bias
of the DE estimator is assumed to be zero.

DIAS(y~)% = 100*(y~ - y~ ) / y~
1 1 1 1

The root mean square error

estimate from the true population mean

(4.23b)

(4.24 )

For the DE
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In th(' (nonparamdric) bootstrap the real SllrVl'Y samples ar(' as the

populations for th(' bootstrap sampling. I3ecause the [cal populations for tlll'

ar('a and list frames arc much larger than the survey siuuples we might expect

the real population tot als to have a "smoother" relation over surveys than the

corresponding survey sample estimates. vVe then cOllsider the EI3 estimates

calculated from th(' real survey data as the bootstrap population m('ans. \i\Te

Call the resulting bias l'St imates the model biases for tIll' EI3 estimators

mI3IAS (y~)
I

mI3IAS (5'~) %
I

." -Yi - Yi

100*(y~ - y·)/y.
I I I

(4.25a)

(4.25b)

The corresponding model root mean square error is

I * 2 * 2mRMSE(5'n = ~ 1mI3IAS(5'i)} + {SE(S"i J} (4.26)

The DE estimators arc assumed to be model unbiased so that mRlVISE = SE

for the DE estimators.

In Tables 4.1 amI 4.2, the SE, CV, R1fSE, and mRMSE for the

bootstrap EI3 estimaks arc divided by the corresp<Jllllillg quantities for the DE

estimates. A ratio kss than 100 % indicates that the EB estimator is Illore

efficien t than the ClIIT<'s1,onding DE ('stimator for t]1<' part icular p£'rfonnancc

crit('rion under considnation. If the sample siz('s in cdl t h£' ar£'a and list frame

strata for the ith sun'f'Y were changed by a factor k, fl· = kn., then the
o 1 I

standard error of a DE estimat(· would chang£' approxilllat£'ly (ignoring finite

population correctioll" I itS SE = SE /..Jk. The ratio of t Ill' sample siz('s for th£'

En (II.) aud for the DE l'stimates (no) that would 10(' estimated to produce
I I 2

approximat('ly th(' salW' s"andiud errors would he l\/llj== {SE(}'i)/SE(yi)} .

For example, if the slaudarl] error ratio is equal to 9()',1 then ii/n = .81 so

that the DE ('stima tor \vould be 81 % efficient wi t 1: respect to the EB

estimator. Since SE == H \ISE for the DE ('stimatur, t 11<'MSE efficiency of the

DE estimator relativ<' to the EI3 estimator is gi'l('IJ by
2

Ii./n. = {n~ISE(y~)/RMSE(y~)} .
I I I I

For example, if R1ISEt),t )/RMSE(:yi) = 0.9 and tl1<' EI3 estimator is us('d

with the present sampl,' size 11, then the sample siz(' for the DE estimator

must be increased to 11· = Ii· 1.81 = 1.23 11· to gin' ('qual R~rSE estimates
1 I I

for the EI3 and the DE eSTimators.

A verages over t 1]( 9 SlUV('YS of the 'laTlO1!S L'.Iot.strap statistics are
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included III Tables 4.1 and 4.2. Table 4.3 contains only average for the

absolute relative biases (4.23b and 4.25b) and the CV, SE, RMSE, and
mRMSE ratios. For example, the average percent relative absolute bias is
obtained from (4.23b) and the average RMSE ratio in percent from (4.24) as

~.t I BIAS(yn % I and
1=1

where RMSE(y~) = SE(y~) .
1 1

91 t {RMSE(y~)/RMSE(y~ )}*100%,
• 1 1
1=1

4.3.3 Performance Results for the Empirical Bayes Estimators

The average performance results for the 28 different EB estimators
considered are summarized in Table 4.3. For each of the three sample and
population covariance structures represented the I BIAS % I tends to increase
and the SE tends to decrease as the local weighting dampening constant d
decreases. The same relation holds with the truncation constant t in all cases
where the population serial correlation coefficient p = O. Thus the BIAS and
SE components in the Rl'v1SE (see 4.24) tend to change inversely with d and/or
t. Choosing the values d =.9 and t = .647 provides a good BIAS - to - SE
compromise over the three states. In this case ( d = .9, t = .647), the average
RMSE ratios in percent arc respectively 93.3, 90.9, and 89.5 in Indiana, Iowa,
and Ohio when p = 0 and t( = [,2 I; and 90.4, 90.5, and 87.4 when p = 0
and t( = t(. Thus, only small reductions (0.2 - 2.1 % ) resulted from using
the arbitrary sampling covariance matrix instead of the covariance matrix
with constant variance ([,2) and zero covariances between the DE estimates
from different surveys. As discussed in the preceding section, a RMSE ratio of
90 % would require a 23 % increase in sample size for the DE estimates to
produce about the same R:t-.1SE as the EB estimates based on the current

sample sizes. The mRMSE's tend to be smaller than the corresponding
RMSE's resulting from smaller model biases than (nonparametric) biases.

Tables 4.1. and 4.2 include performance evaluations of each survey for
the sampling covariance estimates t( = [,2 I and t( = c6vMF with d = .9,
t = .674, and p = 0 in each case. The various performance characteristics are
each seen to have considerable variation among the nine surveys. In fact, the
RMSE ratio exceeds 100 % for at least one survey for all states in both tahles.
The SE and CV ratios are less than 100 % in all cases. At the bottom of
Tables 4.1 and 4.2, the estimates of the population variance T

2 are seen t,o

have relatively large standard errors indicating that it is difficult to ohtain
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precise estimates from only nine surveys. In the case when both p and r2 are
unknown (Table 4.3) the likelihood functions (4.15) were found to be very flat.
Good starting values were required to obtain convergence of the OPTIMUM
procedure in GAUSS ovcr the 1000 bootstrap samples.

Scatter plots of the DE and EB estimates for the 1000 bootstrap
samples are given in Figures 4.1 and 4.2 for the March 1988 and June 1988
Surveys, respectively. Each figure contains scatter plots corresponding to the
4 combinations of tlll' local weighting dampening constant and the truncation

constant: d = 1, .9 and t = .674, 00; for Indiana, Iowa, auf! Ohio. The DE and
Ell estimates for the real data are indicated on each SCed, ter plot as reference

values.
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Table 4.1. Empirical Bayes and Direct Expansion Estimates for Total Hogs
(1000) and Comparisons of Their Biases, Standard Errors, Coefficients of
Variation, and Root Mean Square Errors Using the Mixed Linear Model with:

Covariance Matricies: tf= u21 and t{) = ;.21 (p=O)
Dampening Constant d = 0.900
Truncation constant t = 0.674

a. Indiana

Part 1: Estimates for the Real Data

Survey DE .81(i) .82(i) .83(i) Y T EB EB - DE %
DE

M87 4005.5 4337 -425 137 3912.1 -0.460 3924.2 -2.0
J87 4005.1 4334 -430 137 4197.2 1.151 4103.0 2.4
S87 4924.6 4338 -435 124 4773.0 -0.443 4792.7 -2.7
087 4615.1 4336 -431 112 4448.2 -0.737 4482.4 -2.9
M88 3873.1 4329 -427 90 3902.9 0.164 3899.0 0.7
J88 4420.9 4323 -420 68 4255.9 -0.787 4298.0 -2.8
S88 4596.7 4313 -413 56 4726.0 0.576 4709.2 2.4
088 4167.6 4306 -414 44 4350.2 0.891 4287.8 2.9
MR9 3857.0 4306 -416 44 3889.5 0.174 3885.3 0.7

RES MS = 42692.7 (,2 = 37143.9 ;.2 = 5548.8 S.C. = 0.1

Part 2: Bootstrap Summary Statistics for the Empirical Bayes Estimates and
Comparisons with the Direct Expansion Estimates (R = EB/DE)

EB SE CV% RMSE mRMSE
Survey MEAN BIAS % mBIAS % EB R% EB R% EB R% EBR%

M87 3970.3 -1.1 1.2 146 82 3.7 83 153 85 153 86
.J87 4085.4 1.8 -0.4 139 96 3.4 94 157 108 141 97
S87 4864.9 -1.4 1.5 251 84 5.2 85 261 87 261 88
087 4544.6 -1.7 1.4 176 92 3.9 93 194 101 187 97
M88 3892.7 0.4 -0.2 132 82 3.4 81 133 82 132 82
J88 4341.3 -1.8 1.0 148 84 3.4 86 167 95 154 88
S8R 4650.1 1.2 -1.3 171 89 3.7 88 181 94 181 95
088 4241.6 1.9 -1.1 175 95 4.1 93 193 104 181 98
M89 3865.4 0.3 -0.5 133 82 3.4 81 134 82 134 82

MEAN 4272.9 -0.0 0.2 163 87 3.8 87 175 93 169 90

MEAN(IBIASI%) = 1.3 % MEAN(lmBIASI%) = 0.9 %

Pr{ i-2>0} ;.2 (,2 S.C . .81(i) .82(i) .83(i)

MEAN 0.883 40491.6 35065.6 0.431 4327.7 -423.8 89.9
SE 0.322 38752.2 6452.5 0.239 106.2 88.7 72.1
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b. Iowa

Part 1: Estimat<,s for t Ill' Real Data

Snrvey DE ,LJ l(i) J2(i) ,LJ 30) Y T EB EB - DErc
DE )

MK7 12282.1 13500 788 13 12712.7 0.836 12629.2 2.8
.1",",7 13123.5 13512 -764 14 13497.7 0.70·j 13480.1 2.7
S",",7 14099.6 13534 -744 -10 14278.1 0.297 14278.1 1.3
D",",7 13501.5 13562 -735 -35 13527.5 0.041 13527.5 0.2
M",",,,,", 13011.0 13591 729 -58 12861.9 -0.24:~ 12861.9 -1.1
.IK",", 14190.4 13615 730 -81 13695.4 -0.933 13832.6 -2.5
s"'"''''"' 14409.4 13621 ,....,..)- -71 14351.6 -0.10!) 14351.6 -0.4I~I
D",",,,,", 13715.0 13632 721 -62 13570.5 -0.23!) 13570.5 -1.1
M",",D 13054.4 13636 714 -62 12921.9 -0.25S 12921.9 -1.0

H ES 1IS = 174129.3 rT 2 = 319964.4 s.c. = 0

Part 2: Bootstrap SllllllllilJ'Y Statistics for th<, Empiric,tJ Bavcs Estimates and
Comparisons wi t h thl' Di II'd Expansion Estimates (H E13'/DE)

EH SE C\' ){ n:-"ISE mHl\ISE
13IAS';{ ~~13IAS % R%

-----
Ho/c EB R%Survcy l\IEA~ E13 E13 R IX E13

M",",7 12504.7 1 ~ -1.0 480 92 3.8 91 :)29 102 496 95.C;

.187 13335.1 1.6 -1.1 487 92 3.7 90 532 100 508 96
S87 14187.6 0.6 -0.6 519 86 3.7 85 527 87 527 87
D",",7 13502.2 -0.0 -0.2 531 85 3.9 S· )31 85 532 85J
MK",", 12900.3 -0.8 0.3 466 79 3.6 SO ·!lS 81 468 79
.I",",,,,", 13981.5 -1.4 1.1 503 93 3.6 9el ,)39 100 52el 97
s"'"''''"' 14394.7 -0.1 0.3 491 90 3A 90 192 90 493 90
D88 13660.6 -0.5 0.7 525 87 3.S SS ,')29 88 533 89
MK9 13004.4 -0.5 0.6 449 85 3.5 SG ·t54 86 456 87

l\IEA~ 13496.8 0.1 0.0 495 S8 3.7 S..;: ,')12 91 504 89c;~

l\IEAN(I13IASI%) = 0.:"; ': :\IEAN( Im13IASICX) --- Il./ 'X

Pr{T2>0} 7-2 0-2 S.C. '1 1 P3(i)I 1(I) , 2(i)
- .~- --- ..--------

MEAN 0.600 157367.2 263758.5 0.249 13579.9 -737.3 -30.5
SE 0,490 23·H6!J.S 47327.9 0.269 4n3.0 158.9 171.9

_n. _____
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c. Ohio

Part 1: Estimates for the Real Data

Survey DE ,B1(i) ,B2(i) ,B 3(i) Y T EB EB-DE%
DE

M87 1903.1 2101 -184 -83 1916.8 0.072 1916.8 0.7
J87 2144.7 2101 -184 -83 2184.2 0.201 2184.2 1.8
587 2193.1 2103 -183 -85 2286.0 0.500 2286.0 4.2
D87 2035.9 2108 -188 -88 2019.7 -0.067 2019.7 -0.8
M88 1797.7 2112 -193 -92 1918.9 0.835 1895.5 5.4
J88 2385.2 2119 -192 -95 2214.6 -0.928 2261.4 -5.2
588 2268.6 2122 -190 -88 2311.4 0.232 2311.4 1.9
D88 2166.2 2125 -190 -80 2045.5 -0.673 2045.5 -5.6
MS9 1935.8 2125 -190 -80 1934.9 -0.006 1934.9 -0.0

RES MS = 14417.1 0-2 = 34666.8 ;.2 = 0 S.C. = 0

Part 2: Bootstrap Summary Statistics for the Empirical Bayes Estimates and
Comparisons with the Direct Expansion Estimates (R = EB/DE)

EB SE CV% RMSE mRMSE
Survey MEAN BIAS % mBIAS % EB R% EB R% EB R% EB R%

M87 1909.9 -0.1 -0.4 136 74 7.1 74 136 74 136 74
J87 2180.5 1.1 -0.2 170 88 7.8 87 172 89 170 88
587 2257.2 2.9 -1.3 170 96 7.5 93 182 102 173 97
D87 2014.5 -0.8 -0.3 177 73 8.8 74 178 73 177 73
M88 1863.1 3.3 -1.7 130 86 7.0 84 143 95 134 89
J88 2299.1 -4.2 1.7 159 89 6.9 93 188 106 163 92
888 2310.2 1.5 -0.1 167 92 7.2 90 171 94 167 92
D88 2100.0 -3.6 2.7 149 85 7.1 88 169 96 158 90
M89 1945.3 0.1 0.5 124 76 6.4 76 124 76 125 77

MEAN 2097.8 0.0 0.1 154 84 7.3 84 162 90 156 86

MEAN(IBIASj%) = 1.1 % MEAN(lmBIASI%) = 0.7 %

Pr{ ;.2>0} ;.2 0-2 S.C. ,B 1(i) ,B 2(i) ,B3(i)

l\IEAN 0.497 11065.5 34166.0 0.171 2119.9 -186.6 -90.5
SE 0.500 19049.0 8769.5 0.225 120.3 59.8 82.3
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Tablc 4.2. Empirical Ihycs and Direct Expansion Estimates for Total Hogs
(1000) and Comparisons of Their Biases, Standard Errors, Coefficients of
VariatioI1, and Root Mean Square Errors Using the Mixed Linear Model with:

Covariancl' Matricies: tf = if (arbitrary) aud t {j = i2I
Dampcning Constant d = 0.900
Truncation constant t = 0.674

a. Indiana

Part 1: Estimates for tIll' Real Data

Survey DE J31(i) J32(i) J33(i) Y T EB EB - DE %
DE

M87 4005.5 4292 -356 113 3936.2 -0.196 3970.8 -0.9
J87 4005.1 4288 -359 112 4176.2 0.468 4073.1 1.7
S87 4924.6 4297 -367 100 4664.7 -0.748 4723.8 -4.1
087 4615.1 4300 -367 90 4389.6 -0.804 4482.4 -2.9
M88 3873.1 42!J:3 -366 68 3926.9 0.128 :~893.4 0.5
J88 4420.9 4289 -362 47 4242.0 -0.442 4340.3 -1.8
S88 4596.7 4275 -358 38 4633.7 0.014 4599.4 0.1
D88 4167.6 4266 ·359 29 4295.5 0.377 4234.8 1.6
M89 3857.0 42GG -361 29 3904.7 0.268 3900.4 1.1

i2 = 18803.92

Part 2: Bootstrap Summary Statistics for the Empiric;tl Bayes Estimates anll
Comparisons with the Direct Expansion Estimates (R == EB/DE)

Ell SE CV% RMSE mRMSE
Survey MEAN BIAS % mBIAS % Ell R% EB R% Ell R% Ell R%

M87 3980.0 -0.9 0.2 146 81 3.7 82 150 84 146 82
J87 4043.8 0.8 -0.7 143 98 3.5 98 146 101 146 101
S87 4795.3 -2.8 1.5 222 74 4.6 77 263 88 233 78
087 4520.3 -2.3 0.8 166 87 3.7 89 197 102 171 89
M88 3877.3 0.0 -0.4 140 87 3.6 87 140 87 141 87
J88 4366.4 -1.2 0.6 151 86 3.5 87 160 91 153 87
S88 4590.4 -0.1 -0.2 159 83 3.5 83 159 83 159 83
088 4197.2 0.9 -0.9 165 89 3.9 88 169 91 169 92
M89 3872.9 0.5 -0.7 140 86 3.6 85 142 87 143 88

MEAN 4249.3 -0.6 0.0 159 86 3.7 86 169 90 162 87

MEAN(lllIASI%) = 1.05 <Jo MEAN(lmBIASI%) = 0.67 %

Pr{ i2>0} ;2
131 (i) 13 2(i) 83(1)

MEAN 0.977 39751. 7 4282.1 -373.3 69.6
SE 0.150 26276.9 103.4 69.2 66.5
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b. Iowa

Part 1: Estimates for the Real Data

Survey DE P1(i) P2(i) P3(i)
y T EB EB - DE %

DE
M87 12282.1 13277 -684 -60 12593.1 0.604 12593.1 2.5
J87 13123.5 13316 -674 -52 13368.5 0.463 13368.5 1.9
S87 14099.6 13411 -668 -60 14078.7 -0.035 14078.7 -0.1
087 13501.5 13494 -659 -71 13423.1 -0.125 13423.1 -0.6
M88 13011.0 13560 -654 -89 12905.3 -0.171 12905.3 -0.8
J88 14190.4 13597 -656 -108 13705.7 -0.913 13832.6 -2.5
S88 14409.4 13576 -656 -105 14231.9 -0.336 14231.9 -1.2
088 13715.0 13569 -654 -100 13468.5 -0.407 13468.5 -1.8
M89 13054.4 13566 -650 -101 12915.7 -0.266 12915.7 -1.1

A 2 = 0T

Part 2: Bootstrap Summary Statistics for the Empirical Bayes Estimates and
Comparisons with the Direct Expansion Estimates (R = EB/DE)

EB SE CV% RMSE mRMSE
Survey MEAN BIAS % mBIAS % EB R % Ell R% Ell R% Ell R%

M87 12473.4 1.5 -1.0 476 91 3.8 90 512 98 490 94
J87 13230.8 0.8 -1.0 465 87 3.5 87 477 90 485 91
S87 14087.4 -0.1 0.1 496 82 3.5 82 496 82 496 82
D87 13434.8 -0.5 0.1 511 82 3.8 82 516 83 511 82
M88 12918.3 -0.7 0.1 463 78 3.6 79 471 80 463 78
J88 13896.8 -2.0 0.5 486 90 3.5 92 560 103 490 90
S88 14228.6 -1.3 -0.0 498 91 3.5 93 532 98 498 91
088 13515.0 -1.5 0.3 507 84 3.7 86 549 91 509 85
M89 12916.4 -1.2 0.0 450 85 3.5 86 476 90 450 85

MEAN 13411.3 -0.5 -0.1 483 86 3.6 86 510 91 488 87

MEAN(lllIASI%) = 1.07 % MEAN(lmBIASI%) = 0.34 %

Pr{ ;-2>0} ;-2 P1(i) P2(i) P3(i)

MEAN 0.764 114066.4 13470.5 -683.2 -70.0
SE 0.425 143121.8 400.1 157.3 167.7
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c. Ohio

Part 1: Estimates for t he Real Data

Survey DE ,81(i) ,82(i) .B3(i) Y T EB EB-DEcrrDE I

M87 1903.1 2061 -176 -98 1885.3 -0.123 1879.9 -1.2
.187 2144.7 2063 -176 -98 2161.5 0.100 2164.3 0.9
S87 2193.1 2065 -176 -99 2241.1 0.206 2231.4 1.7
D87 2035.9 2075 -181 -100 1975.2 -0.213 1984.7 -2.5
M88 1797.7 2081 -185 -104 1895.5 0.539 1875.9 4.4
.188 2385.2 2096 -186 -106 2202.1 -0.846 2261.4 -5.2
S88 2268.6 2092 -183 -96 2274.6 -0.083 2253.3 -0.7
088 2166.2 2101 -185 -87 2014.8 -0.725 2045.3 -5.6
M89 1935.8 2099 -185 -87 1914.4 -0.17.5 1908.4 -1.4

,2 = 3367.97T

Part 2: Bootstrap SUIIlIlliUY Statistics for the Empirical Bayes Estimates and
Comparisolls with the Direct Expansion Estimates (R -c: EB/DE)

EB SE CVYc RMSE mRMSE
Survey J\lEAN BIAS (X mBIAS % EB R% En R7X EB R% EB R%

M87 1909.9 -0.1 -0.4 136 74 7.1 74 136 74 136 74
MR7 1872.4 -2.1 -0.4 131 71 7.0 73 137 75 131 71
.187 2134.0 -1.1 -1.4 156 81 7.3 82 158 82 159 82
S87 2178.5 -0.7 -2.4 156 88 7.2 88 157 88 165 93
D87 1985.1 -2.3 0.0 174 72 8.8 73 180 74 174 72
M88 1833.0 1.6 -2.3 124 83 6.8 81 128 85 132 87
.188 2291.9 -4.5 1.3 157 88 6.8 92 190 107 160 90
S88 2218.4 -2 ..5 -1.6 160 88 7.2 90 170 93 164 90
1)88 2084.5 -4.4 1.9 153 87 7.3 91 180 102 158 90
M89 1908.6 -1.8 0.0 126 78 6.6 79 131 81 126 78

MEAN 2056.3 -2.0 -0.5 149 82 7.2 83 159 87 152 84

MEAN(IBIASI%) = 2.32 % MEAN(lmBIASI%) :c. 1.25 %

Pr{ r2>O} r2 ,81(i) ,82(i) I'3(i)

MEAN 0.932 1G~)46.8 2061.5 -171. 7 -%.5
SE 0.252 15~~96.5 112.1 56.5 62.0
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Table 4.3 Performance Comparisons of ED and DE Multiple Framc
Estimators for Total Hogs (1000) Dased on Ratios of Average CV, SE, RMSE,
and mRMSE Over the Nine Quarterly Surveys with Average Relative
Absolute DIAS awl mDIAS of the ED Estimators. Parameters for the ED
Estimators arc:

p = Serial Corrf'lation Codficif'nt for Population Totals
tl = Sampling Covariance Matrix for DE Estimators
d = Dampening Constant for Local \Vcighting
t = Truncation Constant

a. IlldiiUla
Rf'lative Bias('s % Ratio (ED/DE)

t IDIASllmDIASI CV RMSE mRMSE

1 .0
1.0
1.0
1 .0

0.9
O.D
O.D
O.D

O.~
O.~
O.R
O.~

ex:,
1.000
o . (i1·1
O.·I:~O

(X)

I .O()()

o . (j 1·1
o . ·I:W

'X'

I . 000
o . ()I,I

o . ·I:~O

1 .8-
1 .1
1. ·1
1 . 1

1 .5
1 .5
1 .:~
1 .0

1 ').~
1 .~.~
I . 1
0.9

1.3
1.2
1.0
0.7

1 . 1
1 . 1
0.9
0.7

0.9
0.9
0.9
0.7

84.3
84.6
86.1
89.3

8G.l
86.3
8(.2
89.1

88.5
88.6
89.0
90.6

96.3
~H.8
93.4
93.1

9·1.6
9·1.0
93.3
93.3

93.9
93.8
93.6
93.7

90.8
89.8
89.2
90.7

90.6
90.G
90.2
91.3

91 .3
91 .6
91.7
92.1

p = 0 and f,f = tf (arbitrary)

1 .0
1.0
1.0
1 .0

0.9
0.9
0.9
0.9

O.R
O.K
0.8
0.8

IX'

1.000
o . (i('i
o . ·I:W

1 .000
o . (il·l
0.·1:10

=
1.000
O. GI,I
0.·1:10

1 ..5
1 .--1
1 .2
0.9

1 .:1
1 .2
1 .0
0.8

1 . 1
1 .0
0.9
0.7

0.6
0.8
0.7
0.6

0.5
0.6
0.7
0.6

0.5
0.5
0.6
0.5

81.6
82.6
8·1.9
88.3

83.(
84.4
86.2
88.8

86.6
86.9
88.1
90.1

91 .8
90.6
90.0
90.9

91.3
90.(
90. ·1
91.1

91.(
91 . .}
91 .4
92.0

R2.G
8·1. ·1
8G.5
89 ..'3

8·1.3
85. ·1
81.3
89.9

8G.R
SI. :3
89.0
90.G

p = p and tf = tf (arbitrary)

1.0
1.0
1 .0
1 .0

oc'
1.000
O. G(·I
0.·130

1 .8
1 .7
1 .4
1 . 1

1.3
1.2
1 .0
0.7

8·1.3
84.6
R6.1
89.3

9G.3
94.8
93. ·1
93.1

90.8
89.8
89.2
90.7
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b. Iowa

TI.clatiw Biases % HaJio (EI3/DE)

d t II3IASllmBIASI CV rUv1 SE mRMSE

p = 0 and t{ = 0-2 I

1.0 00 1.3 0.9 85.2 9:~.,1 88.:3
1 .0 1.000 1 .2 0.9 85. ·1 Dl.8 89.2
1 .0 0.67,1 1.0 0.7 86.9 D 1 .1 88.9
1.0 O. ,130 0.7 0.6 89.G 91 .7 91.2

0.9 00 1 .0 0.7 86.S 91.9 88.5
0.9 1.000 1.0 0.7 8G.7 D 1.3 89.2
0.9 0.67·1 0.8 0.7 87.n DO.9 89.4
0.9 0.430 0.6 0.5 89.7 01.6 90.8

0.8 00 0.7 0.5 88 ..5 91 .5 89.6
0.8 1.000 0.7 0.5 88.S 91 .<1 89.7
0.8 0.67-1 0.7 0.5 89.0 91.3 90.4
0.8 o .4:30 0.5 0.4 90. ·1 91.9 91.2

j' == () and t{ = t{ (arbitrary)

1 .0 00 1 .7 0.8 8:3.G rn .8 86.0
1.0 1.000 1.6 0.8 83.6 ():3.3 8.5.8
1.0 0.674 1 .3 0.8 85.8 92.0 87.6
1.0 0.430 0.9 0.6 89.:3 92.2 90.4
0.9 00 1.3 0.3 85.1 91.2 85.4
0.9 1.000 1.2 0.4 85.1 90.8 85.6
0.9 0.67·1 1.1 0.3 86.2 90.5 86.6
0.9 O. ·130 0.8 0.4 89.1 D 1 .4 89.6
0.8 00 0.8 0.3 87.0 90.3 87.8
0.8 1.000 0.8 0.3 87.9 90.3 87.8
0.8 0.674 0.7 0.3 88.2 90.3 88.3
0.8 O. ·130 0.6 0.3 89.9 q 1 .2 90.0

/' :.= p and t{ = t( (arbitrary)

1.0 00 1 .8 1.3 84.3 96.3 90.8
1.0 1.000 1 .7 1.2 84.G 94.8 89.8
1.0 0.674 1 .4 1.0 86.1 £J:3.<1 89.2
1 .0 0.430 1 .1 0.7 89.3 £)3 .1 90.7
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c. Ohio

Relative Biases % Ratio (ED/DE)

d t IBIASllmBIASI CV RMSE mR1{SE

p = 0 and tf=a-2I

1.0 00 2.5 0.8 81.9 90.7 83.1
1.0 1.000 2.3 1.0 82.7 90.1 84.3
1.0 0.674 2.0 1.0 84.4 89.5 85.8
1.0 0.430 1.5 0.7 87.8 90.5 88.5

0.9 00 2.5 0.8 81.9 90.7 83.1
0.9 1.000 2.3 1.0 82.7 90.1 84.3
0.9 0.674 2.0 1.0 84.4 80.5 85.8
0.9 0.430 1.5 0.7 87.8 90.5 88.5

0.8 00 1.2 0.9 88.5 93.9 91.3
0.8 1.000 1.2 0.9 88.6 93.8 91.6
0.8 0.674 1.1 0.9 89.0 93.6 91.7
0.8 0.430 0.9 0.7 90.6 93.7 92.1

p = 0 and tf = tf (arbitrary)

1.0 00 3.0 1.6 78.8 87.6 70.2
1.0 1.000 2.8 1.6 79.5 86.8 80.3
1.0 0.674 2.3 1.4 82.4 86.8 83.0
1.0 0.430 1.6 1.1 86.8 88.5 87.1

0.9 00 2.9 1.4 80.5 87.5 80.5
0.9 1.000 2.7 1.4 81.0 87.3 81.3
0.9 0.674 2.3 1.3 83.3 87.4 83.6
0.9 0.430 1.7 1.0 87.3 88.9 87.2

0.8 00 2.7 1.2 83.1 88.5 82.6
0.8 1.000 2.6 1.1 83.6 88.5 83.2
0.8 0.674 2.3 1 .1 85.2 88.7 85.1
0.8 0.430 1.8 1.0 88.4 90.0 88.1

p = p and tf = tf (arbitrary)

1.0 00 1.8 1.3 84.3 96.3 90.8
1.0 1.000 1.7 1.2 84.6 94.8 89.8
1.0 0.674 1.4 1.0 86.1 93.4 89.2
1.0 0.430 1.1 0.7 89.3 93.1 90.7
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Chapter 5

Ceusored Sample Estimators

Eru~t ( 1979) c, )Illpared seven modification;; '>£ the sample meal!

estimator for reducill)..!; the effect of very large (Jbsnvations under simple

random ~ampling from a highly skewed population, Four of the estimators,

including the censored direct expansion (CDE) estimator (1.1), adjust for

observations greater t hall some prespecified cutoff \';due c. The other three

estimators adj ust for t 11(' prespecified l' largest ol'''l '1'\'a tions, and consist of

t ll(' \Vin~orized, triIlIIlwd mean, and one other ('~til!l<ltor. He showed that.

t here always ('xi~t~ clll "ptimal cutoff value c such t bat ill(' CDE estimator has

~maller lllean squan' l'IT<Jr than the other six estimat()I'~,

In t his chapter. w(' consider an extension of tIll' IlsuaJ CDE estimator to

t he dual frame st rat ifi('r\ sampling used by N ASS, All expandf'd observations

in the I\OL sampl('s t hiLt arc larger than a prespl'cified cutoff value care

wplaced by tIll' vabw c iind then the DE estimator f(,]' the NOL is calculatf'd

from sam pIes of mod ,fif '<1 (censored) observations, Since we apply censoring

only to the :-.r () L sam pk, t he usual DE estimator is Uc,f'd for the list component

in thf' multiple fraIlll' ('DE e~t.imator. Assuming t11ar the DE estimator is

unbiased, the CDE (':,tiIIlator will thell tf'IHI to llIull'l(' dimate the population

total, that is will ha\'{' d Ilegative bias, because it is illways lrss than or equal

t.o the corresponding 0 E estimator. As the cutoff \'<llue c is decreased the

CDE est.iIllat.or will 1)(',('Ill(' more biased. To red1]«(' the negative bias, tIll'

CDE is adjusted b:, till' ratio of the mean for tIll' (multiple --frame) DE

estimators from the qU<lrt erly surveys to the correspo[j( ling mean of the CD E

e~timator~, This IIllHjifjed estimator is called the il(:justed censored direct

expallsion ( ACDE) t'~t irllCltor. III ad(lition to the CDE awl ACDE estimators,

till' ED technilPH' d('~, riL •.d in Chapter 4 is appli,'d to tlw ACDE estimators.

5.1 Descriptive of The C('llsored Sample Estimators

Let (' denote it prespecified cutoff (censoriIl,!!;) value. Denote the

C('Ilsorcd values for tlw f·;.;panded charaderistic of trill'! .i (j = 1,2, ... , ghk) in

segmcnt k (k = 1, :~, ,nh) from paper stratum h (11 = 1, 2, '" , H) ill a

particular S\II'n'y as



where

if zh~ ~ c

otherwise ,
(5.1 )
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g = number of tracts in the kth segment of the hth paper
hk

stratum,
nh = number of segments sampled from the hth paper stratum,

H = number of paper strata,
a .

e x h~ fJ
h~ h~ b h~

h~

the kth segment of the hth paper stratum,

Z
h~

denote the expanded value of tract j in

eh~ = the expansion factor for tract j in segment k of the hth

paper stratum,

x = valuc of the characteristic for tract J' in segment k from
h~

the hth stratum,

a = acreage of tract,
h~

b = acreage of farm,
h~

if the hkjth farm is in the NOL domain
{

I
f, -

h~ - 0 otherwise.

Then, the CDE estimator for the total of the NOL domain is
NOL H nh 9hk

Yc =hE1kE1j~1 zh~(c),

and the multiple framc CDE estimator for the State total is

(5.2)

(5.3 )MF _ ,NOL + ylist
Yc - Jc '

""here ylist is the DE estimator for the list defined by (2.1 ).

Now, let yMF(i) denote the DE estimator and y~F (i) the CDE
estimator for the population total corresponding to the ith survey out of the I
consccutive quarterly surveys. The ACDE estimator of the total for the ith

survcy is givcll by

where

MF

YM
a
F(i) = MF YYc _MF

Yc
MF

}' and y~F = f.t y~F(i).
1=1

(5,4 )
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The empirical Bayes teclmiq 11<' described in Clla pI er -1 is applied to the

ACOE estimators t" 1>1',)(ll1Cethe EBACOE estimators. These empirical Bayes

estimaturs arc of the s;llj[(' form as those defined in Chd]>kr 4, except that the

y vector will now denutc the A CO E cstimat or vedor for I consecu ti ve

<[uarterly surn'ys. Fur the variancc and covarian,·(· ('stimation of the COE

estimators usc(1 in tilt' empirical Bayes method w.' ignore the sampling
... I I' f MF/ MF 1'1 . 1 I' f\'arliltlOn III t Ie ill J11st!lit'ut actor Y 'j'c .. litt Is, t 1(' il( Jushuent actor

is treated as a nmstdllt ill the variance and covariilnCl' (,-,timiltion.

5.2 Performance of t he Censored Sample Estimators

Each sd of l()()(l huotstrap NOL samples (ie", ril)('d III Section 3.3.2)

was censored llsing :'i\ (' diff.'rent cutoff Val11('Sc. '1'1[(' (l1toff values arc chos('n

corresponding to sp"llfi"ll upper p* quantiles in the :'\OL sample of positive

expanded hootstrap "),,tl"vations. x'" > O. (As discll""('rl in Section 3.3.2, the

expanded n 'al obsel\·;it i, ·ns, x, were adj ustcd by the ra t io of t he real sam pIc

sill' to the cOlTespowlilll!, hootstrap sample size withiJI "ac11 list and area frame

stralunl 10 prodw'(' t lJ,' ('xpawled h(lotstritp o1»(']\',:t ;')[IS, x~.) Then, for d

specified value p* for ,j ]>iHticular State

# of {X*> c} :::::
fr uf {x"'> O}

'"p .

TahIc 5.1 lists Iii! five values of p'" awl the '( !T<'sponding cutoff values

that we sdected for Indiiilla, Iowa, and Ohio. 'V(· ><'I,'(l\'d smaller values of p'

lur Indii1l1a than for tIlt' uther two Stelt('S because the di"tril)lJtions of expawled

weighted total hogs f"r Indiana NOL samples an' rd.lii-,.·ly thin. For example,

the ratio of the 11Pp(,["(I.m and 0.12 qllantiks is 1I1'Hll hrl-';er for Indiana tha.ll

fur the other two stdtes
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Table 5.1. Cutoff Values (c) for the Expanded Weighted Total Hogs (x in

1000) from Tracts in the NOL Samples for Indiana, Iowa, and Ohio

Indiana Iowa Ohio

p* p* *c c c P

67.0 .0025 241.0 .01 117.0 .01
42.1 .0050 161.0 .02 56.9 .02
32.4 .0100 135.1 .04 50.3 .04
25.3 .0150 99.7 .08 33.7 .08
20.7 .0200 75.0 .12 27.9 .12

The three multiple frame censored sample estimators: the CDE (5.3),
the ACDE (5.4), and the corresponding empirical Bayes (EBACDE) were then
evaluated for each set of censored bootstrap samples. The EBACDE
estimates were calculated using the population covariance r2I (p = 0) and
arbitrary sample covariance t( structure with local weighting dampening
constant d = 1, .9 and truncation constant t = 00, .674 .

Table 5.2 contains averages of absolute biases and comparison ratios of
CV's, SE's, and RMSE's, where the averages are over the nine surveys and the
(uncensored) DE estimator corresponds to the denominator in the comparison
ratios. The criteria and corresponding notation used' in Table 5.2 are the
same as defined in Section 4.3 and used in the corresponding Table 4.3. The

special case c = 00, corresponding to uncensored samples, is included for
comparison with EB estimators evaluated before in Table 4.3.

For the CDE estimators, as the cutoff value c is decreased the average
CV and SE ratios decrease and the I BIAS % I increases in Table 5.2 as
expected. Regarding the average RMSE, the bias component of MSE is seen

to dominate the reduction in the SE except for the larger cutoff values
corresponding to the smaller censoring proportions p*. Tables 5.1 and 5.2
show that the estimated average RMSE is minimized for Indiana, Iowa, and
Ohio for p* < 0.005, 0.02, and 0.04 respectively.

Table 5.2 shows that the bias adjustment used in the ACDE estimator
IS effective in reducing the average absolute bias in each of the three states.
However, the average RMSE for an ACDE estimator only shows a small
reduction from the corresponding DE estimator over the range of cutoff values



GS
used in Indiana, Iowa, awl Ohio.

\Vhen the empirical Bayes technique is applied 10 the ACDE estimates

to produce the EBADCE estimates, the average RMSE riitios are reduced from

about S <;{, to 11 % over all cases in Tahle 5.2. In must cases, censoring the

NOL samples before applying the empirical Bayes tcdlllique produced only a

slight reduction in till' average R~ISE. In particular 1 comparison of the

average R~ISE's for till' EBACDE estimators with tilOse for the corresponding

EB estimators from uncensored samples (c 00) shows a reduction of at most

3.2 %, which occurs ill Ohio with d = .9, t = <Xi amI (. = 33.8 .
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Table 5.2. Performance Comparisons of CDE, ACDE, EBACDE and DE
Multiple Frame Estimators for Total Hogs (1000) Based on Ratios of Ayerage
CV, SE, RMSE, Relative Absolute BIAS over the Nine Quarterly Surveys.
Parameters for the EBACDE Estimators are:

Covariance Matricies: t( = t( (arbitrary) and t6 = ;-21
Dampening Constant d = 1, .9
Truncation constant t = 00, .674

a. Indiana

Ratios % (Est/DE) Ratios % (Est/DE)

c IBias%1 CV SE Rl\ISE IBias %1 CV SE R l'vlSE

CDE ACDE

00 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0
67.0 0.8 93.8 93.2 97.0 0.1 9.5.5 9.5.7 98.8
·12.1 1 .6 88.8 87.5 97.6 0.1 92.0 92.2 97.6
32.4 2. ,1 8.5.4 83.6 102.1 0.1 89.9 90.1 97.0
2.5.;3 ;3.,1 82.2 79.7 111.9 0.1 88.2 8S.5 96.8
20.7 -1.2 80.1 77.0 122.8 0.1 87.2 87.5 97.2

EBACDE: d = 1, t = 00 EBACDE: d = .9, t = 00

'X' 1 .G 81 .6 81.0 91.8 1 .3 83.7 83.2 91 .3
C7.0 1.6 SO.7 80 ..5 90.7 1 .4 82.6 82.4 90.7
·1L . 1 1 .6 79.0 78.9 89.6 1.3 79.8 80.6 89.7
;32.,1 1 ..5 78. ;3 78.2 8R.7 1.3 79.8 79.7 88.9
2.').;3 1 .G 77 ..5 77. ;3 88.6 1.4 78.8 78.7 88.8
20.7 1 .() 76.7 76.6 89.2 1 .G 78.0 77.9 89 ..5

EBACDE: d = 1, t = .674 EBACDE: d = .9, t = .674

00 1 .2 K'1.9 84.4 90.0 1 .0 86.2 8P).7 90.4
C7.0 1 .1 k5.7 R.5.6 90.3 1 .2 8.').2 K5.0 90.6
·12.1 1 .0 R0.5 8.5. ,') S9.5 1.0 R6.3 86.3 89.9
:32.,1 0.0 8.').5 8!') . .5 88.8 0.8 86.2 86.2 89.2
2G.;3 O.K 8G.7 8.5.7 88.8 0.8 86.3 8G. ,} 89.3
20.7 0.8 RG.O SG.O 89.1 O.R 8G.G SG.G K9.G
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Ratius lj\ (Est/DE) na tios % (Est/DE)

c lI3ias%1 C\' SE RMSE lI3ias%1 CV SE R 1'1SE

CDE ACDE

:x 0.0 I O( I . () 100.0 100.0 0.0 I<lO.O 100.0 100.0
'2·\1 .0 O.G q;, . () 95.0 96.7 0.0 D,Q,. G 98.6 99. ·1
U; I ,0 1 . ~) I .. \ 90.1 96.8 0.0 ~)7 .6 97.6 99.0"
1;\;) . 1 I .0 ~q. :3 87.G 99.3 0.0 ~)C; . 9 96.9 98.8
qq.7 :3.. \ ,"'·1 1 81 .3 1H.8 0.0 '):) . G 95.6 98.8
7;) . 0 .'"") . I 7! I .:~ 75.3 1·\:3.6 0.0 ').\ . :3 ~).\.'\ 98.5

EI3ACDF: d = 1, t = ,XI EI3ACDE: d = .9. t = 'x'

''X: 1 7 ,"':~. () 82.9 9·\ .8 1 . :3 ....;;j • 1 8'\.5 91.2
'2·\1 .0 1 7 ,"";'2. ....; 82. :3 9:3 . .') 1 .) ,q .:2 8:3.7 89.G
1(ll .0 I 7 (~:2 . t i .•..) ') 9:3.0 1 'J ":3. K 8:3. G 89.2l.._ .••••••••••

I ; ~.') . I I 7 ~~~. (; ~.) ') 9'2.8 1 'J "':3- 7 8:3, .\ 89,()L .L.. •..•..•

qq.7 I · (i ,....;'2 ." 82 .. \ 92. 1 I 1 "':3. G 8;3.3 SS.n
7;'.0 1 .() ." .,! . I ~:2.[) 91 .8 I ') ''''';3. .') 8:3. :3 88.7

EI3ACDE. tl = 1. t = .674 EI3ACDE: d = .9, t = .674

:x I · ;3 8;, ," 85.2 92.0 I 1 ,,,",() . 2 8.5.7 90 ..')
'2.\ I .0 1 · :3 ~:-). -; ~.r:l .:2 91 .n I .0 ,....;,'). 7 85 .. \ SO.n
1()1 .0 I · ;3 8:~,.') 8[).[) 91 ..\ 1 .() .....; ••...) . ,...;; t~t) . !) 80.'\
I: 3:). I 1 . ) 8() .0 8,,) . 7 91 . 2 I . () ",'"") . ~) 8!) . (; ,~~).:3
~)q . 7 1 I ,....;,; . I KG. 1 9O,D () . ! ) ·...Ii. -\ KG.t 89. :3
7;l . () 1 1 j~.-:. I 8(; ,9 01 .0 () . ~) ....;- I 8n.D ,~9. ,~I •

-- -----" ------
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c. 0hio

Ratios % (Est/DE) Ratios % (Est/DE)

c IBias %1 CV SE RMSE IBias %1 CV SE R1ISE

CDE ACDE

'X' 0.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0
111.0 0.9 95.2 94.5 95.3 0.0 96.6 96.1 91.1

51.0 2.9 81.9 85.6 92.9 0.0 93.8 94.0 96.1
51.0 3.3 86.9 84.2 93.7 0.0 93.3 93.5 96.0
33.8 5.1 82.5 18.0 102.5 0.0 91.2 91.4 95.2
28.0 1.0 80.3 I·t.8 110.0 0.0 90. ;3 90.G 95.0

EBACDE: d = 1, t = <Xl EBACDE: d = .9, t = oc'

'x' 3.0 18.8 16.1 SI.6 2.9 80.5 78.4 81 ..")
11I .0 3.0 11.2 15.4 86.0 2.8 18.9 11.1 86.0
51.0 2.0 16.3 15.1 85.0 2.G II.g 16.8 84.9
51.0 2.9 16.5 15.3 85.0 2.6 18.0 IG.9 8·1.9
33.8 2.5 11.1 16.3 84.2 2.3 18.5 77.7 84.3
28.0 2.4 II.G IG.9 84.3 2.2 19.0 78.3 84.4

EBACDE: d = 1, t = .674 EBACDE: d = .9, t = .674

'x' 2.3 82. ·1 80.8 86.8 2.3 83.3 81. I SI. ·1
111.0 2.2 82.3 81.a 86.7 2.1 83.3 81.9 81.1
51.0 2.1 82.8 82.0 86.8 1.9 83 ..5 82.1 81.0
51.0 2.0 82.9 82.1 86.9 1.8 83.6 82.8 BI.O
33.8 1.1 83 ..5 82.8 8G.I 1.6 84.1 83.5 86.8
28.0 1 .6 84.1 83.6 81.0 1.5 8-1.I f/.4.2 SI.l
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Chapter 6

Empirical Bayes Estimation for the 10 Major Hog Producing States

The empirical I3ayes approach described in CLapter 4 is applied to the

multiple frame (operational) direct expansion (DE) estimates for total hogs

and pigs from the 33 quarterly surveys: December 1981 - December 1989 for

the 10 major hog prodw'ing states: Georgia, Illinois, Indiana, Iowa, Kansas,

l\finnesota, r.fissomi. i\"cbraska, North Carolina, and Ohio. The component,

DE2, consisting of the sum of all fully expanded values which exceed a

specified cutoff value awl its complement, DE - DE2' arc also considered. The

saul(' cutoff is used for fully l'xpanded valul's from both the list and NOL. The

cutoff values for larg(' observations are included at the top of Table G.2 for the

ten states. \Ve use thc following notation for tIll' ('stimates and standard

errors contained in tlw NASS summary file:

DE = operational direct expansion estimate

SE = standard error of DE

DE2 largc l'xpanckd value component of DE

SE2 stall< lard error of D E2
BD most [('c('nt revised board estimate

From these statistics thc complement of DE2 and a rough approximation to its

standard error can 1w obt ained as

DE -- DE2

TInct' differc'n t t'Ill pirie al Bayes estimators arc cOllsidercd:

ED, EI3(DE)
1

EB2 DEI + EI3(DE2)

EB;3 EB( DE 1) + EB(DE2)·

The empirical Bayes 't'cllllique is applied to the DE. DE I' and DE2 estimat('s

from the quart('rly cstiIll,ttl's in tIll' series {1.2, ... ,k}. where k=7,8 ..... 33

represents the CllITCllt ";111'\'1')' for \vhich tIll' e"tiIJl;lk is sought. Only

information which O(T1IrS on or bdore the CUITcut-;1II"V('Y k is used in the

calculation of the ('mpirical Bayes components EI1(DF: I, EI3(DEi), EB(DE2).

Each of the empirical [byes cOlllpOlwnt estimat(·..; i~.1,a:-.;,-.! (J!! the assllmption
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of uncorrclated direct expansion (component) estimates with constant variance
(see equations 4.16 - 4.18). The local weighting dampening constant d = .9
was used for each empirical Bayes estimator (see equation 4.11). This local
weighting is also applied to the series {1, 2, ... ,k} of variance estimates for the
direct expansion (component) estimators in order to obtain estimates which
are more robust with respect to the assumption of common variance
throughout the series. The truncation constant t = .674 is used so that each
empirical Bayes estimate is constrained to the approximate 50% confidence
interval constructed from the DE estimator for the population mei;n (see
equation 4.20). For the empirical Bayes estimators with two components, EB2
and EB3, the truncation is applied to the sum of the two components. Hence.
I EBi - DEI ~ .674 SE where SE is the (unsmoothed) standard error of DE. v'll'
were unable to apply the empirical Bayes technique that was dcvelopeo in
Chapter 5 for censored sampks because the number of units in the DE2 sum
was not availal)le in the NASS summary file.

The empirical Bayes estimates EB l' EB2' and EB3 are shown
graphically in Figures 6.1.a-6.1.i, 6.2.a-6.2.i, and 6.3.i-6.3.i; respectively, for
each of the 10 states. TIH' corresponding DE and BD (most recent revised
board) estimates are also plotted in each case. The empirical Bayes technique
is seen to rednre the effect olltliprs in the extreme cases. For example, notice
the September 1989 and December 1989 surveys in Georgia. (see Figures 6.1.a,

6.2.a, 6.3.a) and the December 1983 survey in North Carolina (see Figures
6.1.h, 6.2.h, 6.3.h). Table 6.1 incluoes means of the direct expansion.
empirical Dayes, and board estimates, ano their differcncf's, over the 26
(Plarterly surveys: June 1983 - September 1989. (The first 6 surveys:
DCC('mber 1981· March 1983 were used to initialize the empirical Bayes
techni(pw to the series and the board revised estimate was not availahle for

t.he December 1989 survey.

Table 6.2 contains Root Mean Squareo Deviations (Rl\ISD) and ~lean
Absolute Deviation (MAD) comparison of the ED, DE, and DD estimates for
t.he 10 major hog producing states. For example, the average RMSD over the
10 states shows the EB3 estimates to be about 12% closer (150 compared to
171) to tlw revised board estimates than are the corresponding DE estimates.
The corresponding average 11AD for the EB3 estimates is about 10% closer
(120 compared to 133) to the revised board than are the DE estimates.
Howe'll'[, the ED estimates t{'nd to have worse agreement with the revised
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board cstimate than does the DE estimates for the for states: Illinois,
.Minncsota, Nebraska, and Ohio. In each of 4 states the EB estimates tend to
bc too low during the three years when the hog populations were tending to
Increasc. Construction of a multivariate empirical Bayes estimator for the 10
states might ovcrCOIlle t his deficiency.
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Table 6.1 Means of Estimates, Differences of Estimates, and Standard Errors for Total
Hogs and Pigs ( 1000) over the 26 Surveys: June 1983 - September 1989 for the 10 Major
Ho!!;sProducing States. Also Included Are the Cutoff Values for Large Expanded Units

Mean
over the

GA IL IN IA KS MN MO NE NC OR 10 states

Cn toff 25 50 40 80 20 40 40 40 30 25
DE 1157 5347 4318 13477 1440 4233 3003 3741 2485 1997 4120
SF: 102 277 260 564 122 257 174 200 152 174 228
DEI 1042 4964 4021 12358 1237 3705 2773 3483 2244 1647 3747
SEI 49 199 138 394 52 145 116 127 58 86 136
[)E2 115 383 296 1119 202 529 230 257 241 350 372
SE2 84 187 198 398 106 211 121 149 132 148 173
BD 1201 5506 4287 13833 1513 4302 3088 3879 2418 2043 4207
DE-BD -44 -159 31 -355 -73 -68 -86 -138 67 -46 -87

EBI = EB(DE)

EBI 1163 5330 4285 13526 1456 4165 3037 3695 2425 1964 4105
EBI-DE 6 -17 -33 48 17 -68 34 -46 -60 -33 -15
Ef31 - BD -38 -176 -2 -307 -56 -136 -51 -184 7 -79 -102

EB2 = DEl + EB(DE2)

EI32 1150 5345 4292 13492 1463 4220 3031 3751 2489 1966 4120
EB2-DE -6 -2 -26 15 23 -13 28 10 4 -31 0
Ef32-BD -51 -160 5 -341 -50 -81 -57 -128 71 -77 -87

EB3 = EB(DEd + EB(DE2)

EB3 1156 5337 4291 13527 1463 4174 3036 3712 2480 1962 4114
EI13-DE -1 -11 -27 50 24 -59 34 -29 -5 -35 -6
EB3-BD -45 -169 4 -306 -49 -127 -52 -167 62 -81 -93
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Table 6.2 Root 1fean Squared Deviation (RMSD) and Mean Absolute Deviation
( l\fAD) Comparisons of tlH' EB, DE, and BD Estimates for Total Hogs and Pigs
( 1000) Over the 26 Surveys: June 1983 - Sq)tcmber 198D for the' 10 Major Hog
Producing States

RMO C()mpariSOIl MAD Comparison

State DE,BD EI3, BD DE,EB DE,llD Ell, BD DE,EB

EB = EB(DE)

GA 83 fi6 56 66 42 42
IL 193 .)(J- 141 165 192 123~~I

IN 205 1 ()~3 145 147 86 102
IA 420 ·11 :2 267 367 : {LL5 243
KS lOG ~O 60 87 64 52
MN 117 I ,~,5 143 9S 1.52 123
MO 106 "",1 7,1 9r, G·l 66
NE 204 :20D 90 IGO U'<'6 72
NC 185 76 139 90 .50 8·1
011 95 107 76 59 87 63

MEAN 171 1;)·1 119 133 127 97

1-:13 DEl + EB (DE2)

GA 83 69 75 6G 58 43
IL 193 203 111 165 177 90
IN 20,5 88 171 147 66 123
IA ·120 ,128 2·J7 367 :358 214
KS 106 77 65 87 58 52
MN 117 1:{O 96 9,,) 99 75
MO 106 88 78 95 7G 67
NE 20·1 18:3 72 160 H~{ 59
NC 18,,) 1.31 92 90 8~3 5.5
011 95 129 86 59 lOG 7.5

MEAN 171 I!):{ 109 13~{ 122 85

EI3 = EB(DE1) + EO (DE2)

GA 83 62 72 66 GO 49
IL 193 212 128 16!) 178 104
IN 205 77 162 147 G2 117
IA 420 :~7.'" 234 367 .WG 195
KS 106 7t) 59 87 !)1 48
M~ 117 1-.) 134 95 1:{S 1141-

MO 106 ,••.·1 81 95 61 71
NE 20'-1 107 84 160 172 63
NC 185 12·1 95 90 77 57
011 95 I:.H 83 59 101 72
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