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A multiple frame nutvey way be defined am one
reolying upon the joint uee uf two or more sampling
framen. One of the first uses of two-fraume eati-
mation was the U. S. Census Bureau's ''Sample
Survey of Retail Storea” cunducted fn 1949 and
described by Haneen, Hurwitz and Madow 1/. The
theoretical development of the design and esti-
mation in multiple frame surveys was presented by
Hartley 2/ {n 1962, Since then, others have
studied design .nd estimation problems associated
with sultiple frame surveys. A paper by Fuller
and BPurmeister 3}/ provides an exrellent reference
for wost of the theoretical work done to date.
Most of the work attempts to {mprove the estimator
presented by Hartley.

Multiple frame «urveys aru subject to all opera-
tional problems that plague single frame surveys.
However, by thelir very desaign, problems unique to
multiple frame surveys also occur. Thase problems
arise from the basic assumptions involved {n a
multiple frame nample design:

a. Every elvment of the survey population must
be included in at least one of the frames.

b. It must be possible to determine for every
selocted sample unit whether or not it
belongs tu any other sample frame i.s., the
overlap hetween framee must be determined.

Te latter asgpumption leads te one of the most
critical aspecta of a mmltiple frame survey.
Sometime during the survey procass it is necessary
to determine for every sampled unit whather it
could have been aelected from another frame also
being used. The available theory does not tell us
how this determination is to be made - it only
gives us alternative vutimators to use once the
determination {s made.

The purpose of this paper is to examine probleas
involved in the overlap determination, and how
they can be considered in rhe estimation process.
More specifically, the problums involve those
sacountared when using the multiple frame concepts
in surveys of farm operators.

Cuncepta

The remainder of the paper will consider problems
occurring whan the folloving eample frames are
used:

1. An area frame - Thia {s the complete frame or
the 100 percent frame. FLvery fsrm operator
via a sampling unit (wegment of land) has a
chance to be selected from thie frame. Thin
frame ia usually the more expeansive to use
for obtaining survey data.

2. A list frame - This is usually defined to be
a list of potential units (names of farm oper-
ators) for the population of interest. It may

alao contain tnformation by which (o stratity.
In many survey wmituations, alternative dats
collection methods may be used which lead to
the use of cheaper mail and telephone data
collection procedures. However, this frame 1is
usually incomplete and will not provide infor-
mation for the entire population of interest.

Therefore, the use of multiple frame sampling is
applicable for this situstion. It allows one to
maximize the use of the cheaper, more efficient
list frame, yet when in combination with the coe-
plete area frame provides efficlent escimates for
the population of interest.

Two terms to be used are now defined. The ares
frame ssmple (the 100 percent frame) must be di-
vidad into two domains for multiple frame
estimation:

a. Nonoverlap Domain - This domain consists
of population units or farms found via the
area frame sample that are not in the list

frame.
b. Overlap Dopaip - This domain contains

sample units that are also in the list
frame. These farm operations in the area
frame sample also had a chance to be se-
lected from the list frame.

An unblased estimator for the population of inter-
est using the area frame ts: R = E .:h a*h
a"h
vhere ,‘Eh is the reciprocal of the probability
a™h

of selecting a sample unit in the area frame and
x/ is the sample total for s particular stratum.
The ares frame estimator can also be written as:

X - N ! ! - X x
X g':n:-(tlxh + a2%p) a1X ¥ 22X -
Here nli is an estimate of the incowpleteness of

the list frame or the nonoverlap dowmain of the
area frame. Then 47X 18 the srea frame estimate
of the population aleo represented by the list
frame (overlap domain).

A multiple frame eotimator is: .

X = g]X + P g2X + QX where ,X is an eatimate
of the overlap domain based on the list frame
sample and the weighte P and Q are such that
P+Qel.

A simplier mulriple frame estimator is one where
PwoOand Q= 1. Then, no information from the
area overlap domain 18 utilized. However, in
either case, it {8 necessary to divide the area
frame into the two domains.

Many agricultural surveys are based on multiple
frame sample designs. The list frame consists of




naman of potential (arm operators. While the
nampling unit {4 a name, the reporting unit is all
land operated by the particular name. The area
frame mample units are small areas of land called
segments. Bach sample weyment ie screened for
farm operations. A samplc segment may contain
portions of 3-3% farming operatlons. The names of
the faorm operators sssocliated with each parcel of
land ur operation found lnside the megment are
obtained during the survay.

{f costs were of no objoct, one could obtain a map
that outlined the land area associated with every
name on the list. If this were overlaid onto the
area frame, only land aress not covered by the
liwt would be in the nonoverlap domain.

In practice, {t must be asnsumed that an area of
land can be represented by a name. Then, in the
multi{ple frame context, the overlap of land areas
represvnted by both sample frames is {dentified by
miatching names aussociated with the land.

This in probably the most difficult factor involved
{n a multiple frame survey. Frrory in this deter-
mination are not considered tn the estimation

phase -~ thus they fall intu the area of nonsampling
etrors. The nume matching operation can be com-
pleted manually or by a computer method of re:ord
wmatching as described by Fellegi and Sunter 4/.
Whichever procedure is used requires certain
decision logic about what 18 a match snd what is a
nonmatch. Next, some problems that are encount-
ored, different alternstives for defining the do-
saine, and the consideratlion of the problems in
the entimators will be discussed.

Froblems

Thete are two factors contributing to the problems
with domain determination or determining whether a
farm operation found in the area frame is also in
the list frame.

a. One relates to the matter of duplication
in the list. It 1s very difficult to re-
move duplication from a list freme. Sev-
sral procedures have been devised for
using computers to remove the duplication;

however, the problem will continue to exist.

The survey procedures for identifying and
adjusting survey data vhen duplicatfon
exists in the list frame must ba considered
fn a wultiple frame survey, not only for
the estimation but also for domain
detearmination.

b. Some larger farming operations, such as
partnerships or corporstions contain sev-
eral individuals that may report for the
entire operation. These individuals can
appear on the list frame either singularly
of in combination with other names. This
poses a problem in estimation for the list
frame. It also poses & problem in deter-
aining whether a given operation is over-
lap with the list frame or not.

The following table fllustrates some of the prob-
lema encountered when i{dentifying the ovarlap

between the two frames by matching names.

Table 1-~Examples that occur when determining the
overlap between two sample frames

Problem ° Name(s) associated ° Name(s) in list
number with land in ¢ frame that may
: area frame ! represent land in
sample segment © area frams segment
1 : Bill, Bob, Joe, and: Sam Jones
: Sam Jones : Bob Jones
2 ¢ 8111, Bob, Joe, and: Sem Jones
4 Sam Jones : Bob Jones
: : Robert Jones
3 i James Smith :
i B1l1l Smith : Smith and Brown

i Milton Brown H

i H

Problem 1

There are four names associated with a parcel of
land in an area frame sample segment. Two of the
four names appsar in the list frame. Does the
parcel of land in the area frame overlap with land
operated by Sem Jones, or with Bob Jones, or with
both? Can the land be reported twice from the
list frame? Not only do we have the problem of
determining overlap between the two frames - there
is also the possibility of duplication in the list.

In an operational survey, rules must be estab~
lished so that such problems as above are handled
consistently. Three alternate procedures are coa-
pared below.

Procedure A
This rule is based on the following assumptions:

a. Each partner will report for the entire
operation and correctly identify all of
his partners if he is selected from the
list.

b. If more than one partner appears somevhere
in the list frame, he will be {dentified.

Since ve assume that each partner will report for
the entire operation, the parcel of land found in
the area frame overlaps the operation represented
by the two names on the list. However, there re-
sains the problem of duplication within the list.

Different procedures are available for handling
this duplication in the estimation. One is pre-
sented by Ourney and Gonzalez 5/ where the number
of times a given operation.is duplicated is not
known. Another method has been developed by

Rao 6/ for the case where the number of times an
operation can be selected from the frame is known.

It will be assumed we can determine the nuaber of
times every selected unit could have besn sampled.
This is done by matching each name in the 1ist
sample with the remaining names in the list frame.
Controls are also built into the survey




questionnaire to aid in the detection of possible
duplication. Por example, each respondent is

asked whethar he is known by any other name or 1if
any other names are associated with his operation.

Rao's procedure was developed for the case where
there is no stratification in the frame. His
estimator for the list frame would be:

i -9 h! .h_rtx where N and .n are the total
b b b Aq b b

number of names and number of selccted names
respectively from the list frame. pAy 18 the
total number of times a given unit (tnrn oper~
atien) can be selected from the frame. In this
example YR 2. This estimator is unbiased
because we can write:

N
2 N .x
X e ) .t h
b gk_,txl 1 where
ty = 0 if the 1% name fs not sclacted
= 1 4f the 1P name 1a gelected, and

B (tg) = yn/yN . Then E(X) = § b
b

This becomes unhiassed 1f dota for the duplicated
name is included in the tabulation every time {it
is selected. 1If the value pxy/pA1 1s used every
time the duplicated unit is selectad, the expected
value reduces to:

M
I oM h;L « bX where M is the number of unique
At

units in the frame.

The procedure outlined by Rao can be extended to
the case where the duplicated names in the list
frame are in different strata.

Again, ve wish to estimate the population total
(X) for the 1ist frame from a sample. The popu-
lation value can be obtained by summing over the
population as follows:

X blh

LA A
nukber of times s hxh1 unit can be selected from
the list frame. It is assumed the pApy factor
can be determined correctly from the sample. The
duplicated operstion is included in the tabula-
tions every tima {t is selected.

Here, A is the total
b hi

This i« simply a rule for sssigning a portion of
the duplicated operation to each stratum from
which it could have been selected. The portion

is determined by the weighting factor which is the
number of times 1t could have been selected in a
given stratum divided by the total number of times
{t could have been sslected from the list.

The estimator n“h N y
I T hh hth
b1 M bAng

wvhate the list duplication occurs i{n different

strats can be shovn to be unbiased by writing
N
b 'h .

L 2'h h*hL . Then E () = X because

h ot b® b hi

the sasple is selected independently within strata

and each duplicated operation is given the value

for the case

*hl no matter how many times it is selected.
hi

The multiple frame estimator is then obtained by
adding the 1list eatimator X to the area frame
portion, i.e. . .

X= g1X+P 2X + Q px. The success of this
est imator d.p.nﬂ. on the ability to correctly
define the domains in the areas frame. If the
assumption that each individual will report for
the entire partnership does not hold in practice,
the astimator becomes biased. This occurs because
a2x will be estimating for an operation that is
not represented by the list. It also mesns that
the pApy weights are incorrect.

A second rule ia used which will minimize the
effects of an out-of-date 1ist.

Prn re B

This rule relies on the same assumptions used in
Rule A, i.e., sach individual partaner will report
for the entire operation and will correctly iden-
tify all his partners. Operational procedures
differ however and are illustrated:

4. The total number of partners associated
with the parcel of land in the area frame
sample unit are {dentified. The number is
designated by A, .

b. The number of partners associated with the
area frame sample unit snd that are also
on the list frame is determinad. This
number is b‘¥£ as defined for Procedure A.

c. A weighting factor is determined for
assigning a portion of the operation to
the list frame and a portion to the ares
frame. The factor to be applied to the
srea frame is 1 - bAyg =~ 1-2 .

atni 4
The factor applied to the dup{ifntcd list frame

sawple units is then 1/,A;, =
The multiple frame estimator then becomes
x =t

A n
" g (1 - 280y o rbh b e
h1 a ahny h1 b% a'ht
Note that 1f bAht,uAhx = lor if A =0 for
every sample unit the multiple frame estimator is
18 + X which 1s the result occurring when

X=
the ’ + Q weights are 0 + 1, respectively.

We can show that f a8 deiined above is unbiased by
vritini
h

XetLt (- g
hi a .K;‘
gofn N h;m bthi
h1i b aPht

The value th: is as defined before for each frane.
E (pthy) = because samples are sealected inde~
b*h tj:

pendently within strats.
a'h
For the ares frame £ (,t;,) = 4N, . Since the

domain determinacion is made after the sample 1is
selected, the domain sizes are not known.




Nhi

N A a
Then E(X) = gth (1-%hty oxy ey b
ahhi atht

When summing over unitas in the list (pMpy unique
unite)
e - M - By oo phag
h ahny he ahng OM
because the weights sum to one across the two
framen. The two procedures presented above pro-
vide unblased ontimators. The statistical effi-
clancy of the estimators will be explored later.
The main difference in the rules is in the com-
plexity of their application. Although all of the
proceduras result in unblased estimators, the
important point i{s that they may differ in the
bias resulting from the breakdown of the
assumptions.

=-X

The following rule relies upon a different set of
ansumptiona for defining the overlap between the
area and list frames.

Procedury €

We are still referring to Problem 1 as illustrsted
in Table 1. The assumptions here are:

8. An individual name or the name of a single
person on the list represents a unique
land operation only associated with that
name. More specifically, the name Sam
Jones can only represent land operated
scley by Sam Jones. [t cannot represent

land operated jointly by himself and others.

b. If the individual name does not have a
unique operation 1t is considered to be
out of buainess.

When applying theae sssumptions to Problem 1, we
obtain the following resules:

a. The parcel of land in the area frame sample
operated by the four people wmentioned does
not overlap with s list frame unit. The
operation would be overlap only if a list
unit conainted of the four names.

b. There ia no duplication i{n the list frame
since each name will only report for land
unique to itself. Thus, the estimator
dors not rely on the . “,, factor.

Procedure C doen not rely upon the sssumption that
every person {in a partnership operstion will report
for the entire operation. lnstead, it relies on
the assumption that an individual name can only
report for individual dats. As a result, the
ssount of overlap becween the liut and ares frames
ts decreased by Procedure C which then should in-
crease the size of the nonoverlap domsin. This

ie especially true as the list frame becomes more
and more out of date - meaning that changes in
nemes of operations or changes in partners will
result in fewer matchea between the two frames.

Problem 2
Thie involves the eame partnership operation con-

eidered sbove. However, it is complicated by the
fact that one of the names s duplicated in the

1ist. (refer to Table 1) Procedures for handling
this problem follow.

Procedure A

Since we sssume each partner listed in the list
frave will report for the entire opearation, the
land in the area frame overlaps land represented
by the list. The factor pAps = 3 because we
assume each name selected will identify all of his
partners. The important point here is that pApy
equals the total number of list names representing
the operation regardless of the fact that sowe
names are duplicates. We also assume the check
processes used will identify the name that appears
more than once.

Procedure B

Again we assume every individual partner will re-
port for the entire operation. The operation will
be assigned to the area and list frames as follows:

a. aMy4 " 4 because there are 4 members in
the partnership.

b. pAug = 2 because there are 2 names on the
list that will report for the opera-
tion. The duplicated name has the
additional factor pApq = 2 5

Then the factor for the area frame unit ie (1 - T)
= 1 and the factor for first list name is . The
dufilicate names each will have the factor

1.1 1
E*2"8 . The sum of weights ia 1.0.
Procedure C

Here we assume a single person name can only repre-
sent & unique land operation. Therefore, the part-
nership land operaction found in the srea frame
sample does not overlap the list frame. This also
means that ths only duplication in the list frame
is the name listed twice. Then pApgy = 2 for that
name. The name(s) on the list can only report for
operations unique to that name and not the partner-
ship operation.

The three rules differ in the complexity required
to carry out the different assumptions and whether
the assumptions apply 1in practice. A final prob-
len is shown to further illustrats difficulties
involved in applying the different proceduvres.

Pro 3

This involves a parcel of land in the srea frame
sanple that is jointly operated by three people.
Two of the three people are linked together as one
sample unit in the 1ist frams. Again, wve will
1llustrate how each procodurn'uould apply.

Procedure A

If wve assume each individusl will report for the
entire operation, then we must assumethe ligt neme
will also report for the operation. There 1s the
risk however, that the list name represents a dif-
ferent operation. With a limited survey time pe-
riod, decisions must be made quickly. Therefore, by




following the assumptions it {s determined that
the area frame land operation is overlapped by
the list frame. There is no duplication in the
list frame, therefore pApy = 1. One could as
easily assume the list name is a different opers-
tion, thus the arsa frame would not overlap the
liwt,

Procadury 8

The vule in thiw case causes confusion in practice
bacause Apg = 3 and pApg = 1. The weights

(1 ~4 nng do add to one however. The confusion
occurdé becaulle tvwe of the names are linked together
as ona sampling unit.

Procedure C

The name of the area frame operation is not on the
1ist, therefore there is no overlap with the list
frame. 1t is ussumed the list frame unit will
only report for land unique to a Smith snd Brown.

fssuige

As was stated before, multiple frame estimation
requires that the overlap between the sampla frames
be identified. In other words, the components

alX and .;x must be accurately determined for the
sultiple frame estimator to be valid.

Tha varfance estimator
VAR X = Var 1K + P2VAr,,X + Q*VaryX + 2PCOV, X, X

only measures the variability due to random
ssapling. It gives no messurs of the accuracy of
the overlap determination. The inaccuracy of the
ovarlap determination falls in the reslm of non-
sawpling errors which are difficult to measurs.
Since many of the problems associated with overlsp
determination also affect procedures for handling
duplication in the list, edditional nonsampling
efrOors Ca&n occur.

Bach procedure usad for tha overlap determination
relies upon & set of assumptions. Whensver an
sssumption feile, errors occur. The wore complex
s set of rules becomes, the more likely it is that
fnconsietencies will occur. This is especially
trua if judgement is required in determining 1f a
set of names really do match and that they will
raport as required by the assumptions.

The procedures 1iluatrated above were sach used in
an operational multiple frame survey designed to
estimate total hogs snd pige on farms. The purpose
vas to sxamine the difficulties with applying each
procedure and to measure the differences in tha
estimstes and sampling errors resulting from each
procedure.

The ssmple for the survey consisted of about 2,200
tarming operations from the ares frama sanple.

The names associasted with the 2,200 tarming opera-
tions were matched with nawes on a list containing
soma 80,000+ potential farm operators. Ares frame
names matching l1ist frame namea constituted

the overlap domain. The domain determination was
done using each of the three procedurss.

A sample of 1,600 names vas selected from the list
frame and also included in the survey. Partner-
ship operations and duplication in the list were
processed using each of the thrae procedures.

Thie allowed us to compute a multipla frams esri-
mate based on each proceduras.

Survey estimates based on each procedure and their
sampling errors vere then computed. The results
appear in the following table.

Table 2--Multiple Frame Estimates and Sampling Er-
rors resulting from three procedures for
defining overlap between sample frames

Multiple frame

Procedure fSunpllng error

: estimate
A : 13.2 .5
B H 13.4 .5
C H 14.1 .6

Procedures A and B gave similiar results, but then
their basic assumptions wvere also the same. Pro-
cedure C differed considerably in the results.

Remember that the three procedures were all ap-
plied to the same sample and that uabissed esti-
mators were used.

The sampling error of the difference betwaen any
two of the estimates was about .2. This shows

that Procedure C resulted in a significantly dif-
ferent estimate from that resulting from A and B.

The larger estimate resulting from Procedure C
resulted primarily fros an increase in the esti-
mate from the nonoverlap domain. Theoretically,
any increase in the nonovarlasp domain should be
offeet by & decrasse in the overlap domsin and
list framea estimate; hovever, this did mot occur.
This indicates @ problem with a key assumption:
Procedure A & B3 Every individusl in a part-
nership will report for the
entive partnership and will
correctly identify all other
partners.
An individual will ouly re-
port for individusl opera-
tions.

Procedure C:

We can only compare ths procedures by evalusting
the total error involved, i.e., sampling ervor
plus nonsaspling srror. The problem {s that all
three procedures involve some subjectivity. Thie
involves tha accurecy with which the respondent
can define his operation whether it be an indivi-
dual or a partnership ovperation and can be af-
fected comsiderably by the questionnaire design.




Nince procoduren A & B resulted in the lower
estimaton, the assumption that every individual
in partnership report for the entire operation
may not be met. Procedures A & B also involve
more subjectivity and complexity because of the
necassity of determining Ay, factors for partners
and for duplication. Proceéure C i{s less complex
and thersfore should be easfer to implement in an
operational survey. However, the assumption for
Procedure C may alwo be failing; that is, an
tndividual may report for more than his individual
operation. However, this is doubtful.
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