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INTRODUCTION

In a standard sampling text one defines a
target population, specifies a sampling method,
then caculates an estimate and variance. From a
practical standpoint one must: (a) define the
target population, (b) determine sampling frame
units to reach the target population, and (c) de-
fine rules to associate the target population
units with the sampling frame units.

Since the sampling units are the units that
the sampling frame is divided into for sampling
purposes they may not be the same as the target
population of units. This affects (i) the sample
design in that (a), (b), and (c) above have some
impact on whether single or multiple frames are
used and how samples are allocated between and
within frames, (ii) the questionnaire design
since the questions must determine which popula-
tion unit is being associated with the sampling
unit, (iii) the collection procedures since the
sampling unit determines what is to be sampled,
and (iv) the estimation procedures because they
are directly related to the sample design, and
should be unbiased if so desired.

Expected values are taken to determine if
the estimators are unbiased. These estimators
must remain unbiased under the survey operational
conditions. This paper will show that under
practical situations the estimates remain
unbiased when different rules are used to associ-
ate the sampling unit and population unit under
a simple random sample design.

This problem is discussed for two reasons.
First, the Statistical Reporting Service, in its
continued attempts to improve survey methodology,
evaluates and compares rules to associate target
population units with sampling frame units.
Secondly, the problem of correctly using the
frame to reflect the target population is criti-
cal to the success of any survey. The importance
of this problem is noted by Cochran [1] and
Deming [2] as discussants to a paper presented
by Hansen, Hurwitz and Jabine, [3]. However, in
[3] no proofs are presented for the surveys they
mention. Therefore, this paper demonstrates
that such proofs are feasible and that they are
necessary to insure that good survey procedures
are followed.

TERMINOLOGY

Before attempting to show that unbiased
estimates are obtained, we must define the target
population units, sampling frames, and describe
the rules of association between the target pop-
ulation units and sampling frame units.

The target population is all farms in the
48 states. From [6] a farm consists of the area
or areas of land under one operation or manage-
ment including land owned and rented minus land
rented to others on which therewill be crops,
livestock, poultry, or expected sales of agricul-
tural products at some time during the calendar
year.

In the target population there are different
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types of land operations. One is an individual
land operation in which a single person is solely
responsible for making management decisions for
his business. A joint land operation is one
operated by 2 or more persons, each of whom con-
tributes some or all of the money, property,
materials or labor to carry on a joint business.
Each person participates in the management deci-
sions and shares the profits or losses. Lxamples
of joint arrangements are partnerships, corpora-
tions, and institutions or cooperatives. Finally,
managed land is an operation whereby a person is
paid to make the day-to-day decisions for the
farm. The target population has been structured
in two ways with regard to joint operation which
is discussed under Rules 1 and 2.

There are two frames or partial frames, the
area frame and the list frame, that when combined
cover the target population used for multiple
frame estimation. The area frame consists of all
land area within the states. The area frame
covers 100% of the population, therefore, the
area frame is a complete frame. The land area is
classified (stratified) according to land use in
order to achieve homogeneity within strata. For
the area frame the sampling unit is a small sec-
tion of land called a segment. A segment is a
piece of land with boundaries delineated on a
map. Every parcel of land within a segment must
be accounted for in the survey.

Within each segment sampled, all farms whose
headquarters are within the segment boundaries,
are interviewed. Every population unit (farm) is
assigned to only one sampling unit (segment) even
though pieces of land area associated with the
population unit fall within many sampling units
since each farm can have only one headquarters.
Each sampling unit may contain more than one
population unit or no population units.

Situations arise where it will be necessary
to distinguish to which sampling unit a farm be-
longs. This is done by an approach which requires
a 1-1 correspondence between farm operators and
farms. The approach is needed because it is
possible for more than one person to be accepted
as the farm operator of a particular farm. For
example, suppose two brothers operate a farm
jointly and live in different houses. Unless
proper rules are formulated this farm could easily
have a chance of being sampled twice.

For individual operations the residence of
the operator is usually defined as the headquar-
ters. The following are examples of possible
rules to help determine the operator of types of
jointly operated farms.

(a) In an individual operation only the in-
dividual can be associated with the operation.
For example, suppose Bob Smith is on the list and
Bob Smith is an individual operator then if his
name is selected he will report for the farm.

(b) In a joint operation there are three
possible kinds of sampling units:

1. A joint operation name is on the list
but none of the respective names of individuals
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who comprise the joint operation are on the list.
Therefore, if Smith Brothers is on the list and
that sampling frame unit is selected, the farm
operated for the Smith Brothers will be associ-
ated with the sampling unit.

2. The joint operations name is not on
the list but at least one of the individuals who
comprise the joint operation is on the list, then
information concerning the joint operation will
be reported by the individuals. If Sam Smith is
on the list and is a partner in Smith Bros.,
then if he is selected he will report for Smith
Bros. farm. If all partners report for Smith
Bros. farm, duplication will result.

3. Both the joint operation name and the
names of the individuals who comprise the joint
operation are on the list. For example, suppose
Smith Bros., Sam Smith and Bill Smith are on the

list. Suppose Smith Bros. is comprised of Sam
and Bill Smith. If the name Smith Bros. is
selected it will report for Smith Bros. If

either the name Sam Smith or Bill Smith is se-
lected they will report for individual operations
of their own, if any, but not for Smith Bros.

As can be seen the rules given above are not
the only rules which can be used. Other rules of
association between the sampling unit and popula-
tion unit can be developed.

(i) When all partners live on the farm, the
person who makes most of the decisions should
be considered the operator,

(ii) If one partner lives on the farm, and
the others live elsewhere, the one living on
the farm should be considered the operator,

(iii) If all partners live on the farm, and
appear to share equally in the management, the
oldest should be considered the operator,

(iv) If none of the partners live on the
farm, the oldest should be considered the
operator,

(v) In father-son arrangements, accept the
definitions of the respondent as to whether it
is (1) a partnership, (2) two separate operations,
or, (3) one operation with the father in charge
and the 4-H or F.F.A. projects of the son merely
a part of or incidental to the fathers' overall
farming operations.

For corporations or institution type farms
the person who makes the day-to-day decisions
such as planting, harvesting, and marketing is
considered the operator.

The list frame is a list of names of persons
involved in farming operations and their corre-
sponding addresses. In the list frame this ad-
dress does not always correspond to the head-
quarters as in the area frame. The address in
the list is the place where the person wants all
correspondence to be mailed. Not all target
population units are assigned to the list frame
units, i.e. the list may be incomplete. Duplica-
tion may also occur within the list frame when
one or more outside sources are combined to up-
date and maintain the master list. Duplicated
information can also be obtained for joint
operations if each partner is on the list as one
or a combination of names.

Due to this duplicated information on the
list, rules must be developed to define and
associate a target population unit with a sam-
pling frame. Vogel [5] investigates problems
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in multiple frame applications using three dif-
ferent rules of association. Two of those rules
will be used for the purpose of this paper to
define the operator(s) of the population units.

The first rule we will use is the simpler
of the two rules. The purpose of this rule is to
eliminate any bias associated with determining if
the operator of farm land is part of a joint
operation. Rule 1 specifies that:

(a) The land operated singly by an individ-
ual name or in the name of a joint operation can
only be associated with one frame unit.

(b) All joint operations in the target pop-
ulation will be handled using rules (i) thru (v)
above.

The second set of rules primary purpose is
to minimize the effect of partnership operations
on the sampling errors. Rule 2 relies on some
basic assumptions; viz.,

(a) Each partner in a partnership can report
for the partnership operation whether contacted
through the area or list sampling frames.

(b) Each partner can also report his in-
dividual operation if there is one.

(c) Each partner can correctly identify all
of the other partners.

(d) Every partner that appears in the list
frame will be identified.

The joint use of the two single frames is
referred to as multiple frame sampling. Since
the area frame is complete, every list sampling
unit on the list frame can be mapped to a sam-
pling unit in the area frame but not every name
associated with the area frame is on the list
frame. Thus multiple frame sampling presents us
with the problem of determining the overlap be-
tween the sampling frames. It is necessary to
determine which population units from the area
frame could also have been obtained through the
list frame. This determination is conducted by
matching names. The problem is compounded when
one or more names could be linked with the same
operation.

UNBIASEDNESS

Now that all definitions, rules of associa-
tion and assumptions have been stated, unbiased
estimates for the population totals will be de-
rived. These unbiased estimates naturally assume
that all rules have been properly executed in the
survey operations. We will consider estimators
for the different mappings at the single frame
level before combining frames. We assume simple
random sampling.

The first frame to be considered is the area
frame. The population units are farms as defined
by Rule 1 and the sampling units are segments.

As a means of identifying a farm with a unique
segment we used the aforementioned headquarters

rule. Let M = total number of population units
(farms)
Number of farm headquarters in the i-th
sampling unit (segment)
X, =
a’i

0 if the i-th sampling unit (segment) con-
tains no farms.

=z

. a
Since the area frame is complete we have M =L

L &4

—



where aN is the total number of sampling units

(segments). To estimate M we use M where
~ an aN
M= i§1 n axi
a
al aV
= .z X, 1., where
1=1 an a'i i

a" is the number of segments sampled and

. 1 if i-th frame unit is selected

i = 0 otherwise
"
and E(Ti) = —a—N

The expected value of M is clearly M.

The listed frame is a more complex problem
than the area frame. In the list frame certain
problems arise in mapping from the population
units to the sampling units. The cases that
will be considered are:

1. the list frame without joint operations
or duplication under Rule 1.

2. the list frame with duplication under
Rule 1.

3. the list frame with joint operations and
duplication under Rule 2

Consider the list frame assuming it does
not contain joint operations or duplication.

The population unit is the farm and the sampling
unit is a name and its corresponding address.
Then there is a mapping from the target popula-
tion units to the sampling frame units under
Rule 1. Under Rule 1, which states that each
name will report for itself, cases 1 and 2 can
be shown to be unbiased.

Let .M = number of population units account-
ed for by the list frame.

Then LN
M=o,
i=1
where .X. = 1 if name = farm
L7 0 if name # farm

and LN = total number of list frame units

Note: .M < M since the list is incomplete,

L
An estimate for LM based on a sample of size

Ln is LM = LN LXi
NN
AR
i=1
NN
= NI n T3
i=1 N
where T is as defined before. Again LM is an

unbiased estimate of LM.

The second case for which Rule 1 applies is
the list frame with duplication. Rao [4] devel-
oped a procedure for handling duplication within
the 1ist where the number of times an operation
can be selected is known. To develope the un-
biasedness let

LN = total number of list frame units
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N' = total number of unique list frame units

LA - jnumber of times each unit is duplicated
L"i (1 if not duplicated, i =1, ..., LN
X. = 1 if farm = name :
L1 ~ |0 if farm # name, i = 1, ..., LN
We then have
'
woly Li Ly Lo f
L i=1 _A. i=l A, Li izl L1
L i L'i
S R T . S T T RS
-MEih o w x Tihhw R T
=L L R R R T
where
T = 1 if i-th frame unit is selected
i (0 if i-th frame unit is not selected,
i=1,..., II. Upon taking the expected value of
LM we obtain the desired unbiasedness of the
estimator.

In contrast to Rule 1, Rule 2 allows for a
population unit to be associated with more than
one operator in the case of joint operations.
Therefore, Rule 2 adds a new dimension to the
problem of unbiased estimates by introducing
another kind of duplication. As can be seen
Rule 2 is more difficult to apply than Rule 1.

We will now consider the 1list frame with
joint operations and duplications under Rule 2.

Define N, N' and (A, as before and let
L’L L1

inumber of times the population unit is
A _luniquely duplicated by different persons
LW i :

i=1, .., LN

In determining LA'i we are concerned with

\} otherwise,

duplication of population units whereas LAi was

concerned with the duplication of frame units.
To see the use of LAi and LA'i consider the

following situation for joint operations where
the letters represent names with an address of
persons who can report for some population unit:

Population

1. A, B and C
2. D and E

List Frame Units

[ R N A N S e
>0 0> P>w
<
o

.

The only duplication of frame units occurs
between the third and sixth units. Therefore

A. = 2 for these two units and ,A. = 1 for the
L1 L1

remaining units in the frame.
LA'i is determined by the number of times a

population unit is uniquely duplicated by differ-
ent persons. The first population unit is dupli-
cated by persons corresponding to the first,
second, third, and fourth and sixth frame units.
But the third and sixth units are duplicates so
they will be counted only once. This then leaves
4 unique frame units associated with the first
population unit. We then associate an LA'i =4

for the five frame units associated with the first
population unit. Since only one frame unit is
associated with the second population unit it



will have an A', = 1.
L i

From the example above we can calculate M,

L

where X. =1 for all frame units since each

L7i
farm can be associated with a frame unit.

Then " g LXi .,
= .1 , =
L i=1 LAiLAi
Therefore LM = 2, which is the number of popula-
tion units for this example. An estimate of
LM is .
- n N X,
’LM = §=1 LH— Lxl_h' , which is clearly
L L'il'i

unbiased assuming a properly executed mapping
has occurred.

Up to this point we have discussed two
rules of association between the population
units and the sampling units for single frames,
i.e., the area frame and the list frame. We
would now like to mention the multiple frame.

The procedures used rely on certain assump-
tions in application of the two previously
stated rules (see Rule 1 and 2). Decision dia-
grams for both sets of rules are generally used
to determine the nonoverlap between frames.
Since the area frame is complete and the list
frame is incomplete the expression for M, the
total number of population units, is

M= NOLM + OLM’ where
NOL = not on list and OL = on list. From this
expression it is easily seen that OLM = LM, the

total number of population units associated
with the list.

= = M=
M NOLM +0LM NOLJ LM
= NOLM + P OLM + QLM’ where P + Q = 1.
The expression M+ P M is associated with

NOL OL
the area frame and QLM is associated with the

list frame.
SUMMARY

In this paper two rules for associating a
target population unit with a sampling frame
unit were presented. The first rule stated
that each population unit reports for only its
farm. The second rule stated that a frame unit
can report for each population unit it is  af-
filiated with. This is a drastic difference
from the first rule in application. Much more
work is needed in the form of checking the
frame for the other members of joint operations
and in the form of actually prorating the data.
This additional work may lead to an increase in
nonsampling errors for a survey.

The two rules were collectively applied to
the area frame and the list frame under certain
conditions. ‘In both cases unbiased estimates
of the total number of farms represented by each
frame were obtained.

Additional rules should be developed and
tested to associate the target population unit
with the sampling frame unit. The importance of
such considerations in surveys which required
unbiased estimates is stressed.
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