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FOREWORD

This is the second document written by Earl E. Houseman under the
auspices of AID, SRS, and the International Statistical Programs Center of
the Bureau of the Census, with which SRS is cooperating. The first was
""Expected Value of a Sample Estimate,' published by SRS, September 1974.
Mr. Houseman is among the first statisticians who worked on the application
of area sampling in agriculture. He also draws on years of éxperience
associated with the development and refinement of the area frame sampling
methodology currently used by the Statistical Reporting Service.

This document was developed as part of a continuing effort to provide
improved materials for teaching and reference in the area of agricultural
statistics for foreign students and for development of staff working for

these agencies.

WILLIAM E, KIBLER
Administrator



Area Frame Sampling in Agriculture

Preface

This publication presents an overall view of area frame sampling,
including the construction of area sampling frames and the selection
of area samples. Resources for the construction of area sampling frames
and the conditions involved in the application differ widely. The
objective is to present ideas about how to do-area sampling and give
emphasis to important factors that need to be considered. Concepts
and general principles of area sampling, rather than specific appli-
cations, are discussed. Technically sound sampling concepts help form
a solid feundation for any sample survey. If the concepts do not fit,
the statistician should try to find more realistic technically sound
concepts. Survey procedures evolve from concepts. Thus a full under-
standing of concepts provides a basis for decisions on many practical
operational problems which help to assure good results. Tenure and
patterns of agricultural production differ widely among countries and
even regions within countries. This means that sampling plans must be
tailored to individual situations and survey purposes. In other words,
be cautious about copying the details of a plan that worked well in one
situation and applying it to another without careful study.

In developing an overall view of area sampling it is necessary to
include many general statements. The reader should be aware that some
contradictions and exceptions can usually be found. Many statements
will reflect goals, recognizing that resources or conditions are oftgn
such that very little can be done immediately toward achieving the
ultimate goals. Expertise in sample design, familiarity with local
conditions involved in the application of area sampling, survey experi-
ence, and the quality and detail of available maps regarding roads,
landmarks, and land use are important factors in the development and
effective use of area sampling.

The intended audience is students of sampling and persons who
might be considering area sampling as a means of collecting agricultural
data. It has been assumed that most readers will have at least an
elementary knowledge of sampling theory and some experience in agri-
culture. However, interested readers without formal training in sampling
methods should find this description of area sampling useful.
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AREA FRAME SAMPLING IN AGRICULTURE

1. Introduction

The concepts of area frame sampling are very simple: divide the total area
to be surveyed into N small blocks, without any overlap or omission; select a
random sample of n blocks; obtain the desired data for reporting units of the
population that are in the sample blocks; and estimate population totals by

multiplying the sample totals by gn The simplicity of the idea is in striking

contrast to the complexity of successful application of the concepts. But a
high proportion of the problems found in the application of area sampling (''area
sampling' will be used as a shortened term instead of 'area frame sampling'') in
agriculture are characteristic of the survey populations and therefore common to
all survey methods, sampling or census. However, survey methods differ consid-
erably with regard to effectiveness, or potential effectiveness, in coping with
practical problems that exist.

The minimum requirement for the application of area sampling is maps for
dividing the population into small area sampling units that have boundaries
which can be accurately identified on site by an interviewer. There are three
important conditions involved in the application: (1) The reporting units must
be defined to serve the purpose of the survey, (2) there must be practical means
of associating reporting units with the area sampling units, and (3) area sam-
gling should compare favorably with alternative sample survey methods that are

easible.

1.1 Definitions

Before proceeding with the discussion, some concepts and definitions will
be reviewed:

Reporting units are the individual elements or units that compose a popu-
lation for data collection (reporting) purposes. There is no standard defini-
tion of a reporting unit. Typically, one questionnaire is filled out for each
reporting unit. In the discussion that follows, the specific meaning of
"reporting unit'" will usually be a ''tract,'" which is,defined later, or a farm
(holding) .

Sampling units are the units that a survey population is divided into for
sampling purposes. They are the units subject to random selection. Usually,
each reporting unit in the population is associated with one and only one
sampling unit. In area sampling, the number of reporting units in a sampling
unit varies.

A sampling frame is a complete list (or specifications that would establish
a complete list) of sampling units that cover a population. It provides access
to a population in ways that enable probability sampling. If each reporting
unit is associated with one and only one sampling unit and if there are Mi Ie~

porting units associated with the ith sampling unit, the population consists of



N

M=12 Mi reporting units, where N is the total number of sampling units in the
i

population.

The term ''sampling frame' suggests that a frame is used only for sampling
purposes. Actually, a frame is also needed for a census, which involves col-
lecting data for all units of the frame. For example, the equivalent of area
sampling has been used for a long time in taking censuses--perhaps since the
first censuses were taken. Enumeration districts are defined and one or more
field investigators enumerate each district. The list of ED's (enumeration
districts) is the area frame for taking a census. Incidentally, there are
sample surveys and census surveys, the only difference being that a census sur-
vey is an attempt to enumerate completely the frame, rather than a sample
selected from the frame.

A segment is a piece of land with boundaries delineated on a map. In area
sampling, the total area for the population to be sampled is divided into seg-
ments. In addition to meaning a piece of land, '"segment' is used in sampling
terminology instead of ''area sampling unit''. ''Segment,' meaning area sampling
unit, refers to the aggregate of the reporting units that compose an area
sampling unit. Whether ''segment' refers to a piece of land delineated on a map
or to an area sampling unit (group of reporting units) should be clear from the
context.

Sampling efficiency refers to the sampling variance for one plan (that is,
a specific method of sampling and estimation) in comparison with the sampling
variance for another. Sampling variances are usually compared under an assump-
tion of equal sampling fractions or of equal costs. Unless otherwise specified,
"sampling efficiency'" will refer to comparison of alternatives under an assump-
tion of equal sampling fractions.

Cluster sampling is the general term for sampling plans wherein the sampling
units are groups (clusters) of reporting units. An area sampling unit is a
"cluster'" of reporting units associated with a segment. In other words, area
sampling is a form of cluster sampling and the theory of cluster sampling
applies. '

A survey population is the population actually sampled (or completely
enumerated). It is defined by the sampling frame and the procedures for using
it. Sometimes a distinction is needed between the ''survey population'' and a
""target population.'

A target population is the population which, given full freedom of choice,
one might wish to survey; but, for various practical reasons, the population
actually sampled could be different from the target population. For example,
one might prefer to estimate the total production of a crop, but decide to omit
some regions where the amounts produced are very small.

In theory, estimates (statistical inference) from the sample pertain to
the survey population, not the target population. For an excellent discussion
of sampling frames and populations, and for an overall view of sampling and of
inference from samples, the reader is referred to the first four chapters of

2



Deming's book.l/ The introductory chapters of other books on sampling also dis-
cuss general principles of sampling and estimation.

Sampling variance is the variance of an estimate from a sample.

Design efficiency, sometimes called ''design effect," refers to the sampling
variance corresponding to any particular sample design and estimator in compari-
son with the sampling variance corresponding to some other sample design or
estimator. Simple random sampling is often used as the base of comparison. In
the discussion that follows, ''sampling efficiency' will sometimes be used instead
of "'design efficiency."

Coverage error refers to omission and duplication of reporting units, in-
cluding incorrect determination of the land area that composes a reporting unit.

Response error refers to accuracy of data for any particular reporting unit.

Some statisticians would define coverage and response error somewhat differ-
ently but these definitions are convenient when discussing area sampling.

1.2 Early Development of Area Sampling

The first ideas of area sampling in the United States appear to have been
in the context of purposive sampling. A selection of areas about the size of
MCD's (minor civil divisions) or ED's (census enumeration districts) was sought
which would be a permanent sample that would permit accurate measurement of year-
to-year changes. MCD's and ED's were recognized units that had been defined on
maps. Unpublished data about each MCD from previous censuses were available
for sampling purposes. Results from investigation of the MCD or the ED as a
sampling unit were not encouraging. The size of sample required for acceptable
levels of sampling variance was regarded as much too large. At that time very
little was known about the relation between the size of sampling units and
sampling efficiency, but early investigations indicated that sampling units
probably should be much smaller than MCD's.

We now know that, in general, a sampling unit as large as an ED (75 to 100
farms or more) is simply very inefficient. The degree of inefficiency is related
to the size of the sampling unit (the number of reporting units in the sampling
unit) and the extent to which adjacent or neighboring farms (reporting units)
tend to be alike. Since agricultural resources and environment tend to be
similar in'a small locality, characteristics of farms within a locality have
generally exhibited a strong tendency to be alike. This indicates why, for
example, a 2-percent sample of large area sampling units generally has much
larger sampling variances than a 2-percent sample of small sampling units that
are much more widely distributed. That is, sample data in a sample of 2,500
farms, for example, would come from only 25 locations if each area sampling unit
contains 100 farms; but, if each sampling unit is composed of 5 farms, that
would be 500 locations where data would be collected and the sampling variances
would be much lower.

1/ Deming, W. Edwards, '"Sample Design in Business Research," John Wiley and
Sons, 1960.



For agricultural surveys, the first significant test of probability area
sampling in the United States, using small areas as sampling units, occurred in
Towa.2/ Two surveys, one at the end of 1938 and the other at the end of 1939,
were conducted, using quarter sections as area sampling units. (Quarter sections
are approximately square, 1/2 mile on a side, and contain approximately 160
acres.) At that time, the average number of farms per quarter section was about
0.9. The sample for each survey represented the entire State and was a widely
dispersed, geographically stratified random sample of about 900 quarter sections.
The sampling fraction was less than 1/2 of 1 percent.

Considering the small size of the sample, the survey results were very
encouraging. The relative standard error (coefficients of variation) of esti-
mates for important farm characteristics were generally less than 4 percent.
Also, it was possible to compare estimates from the area samples with other
sources of information, including a farm census conducted each year by the
State of Iowa, and the Federal census of agriculture that related to 1939.
Three things, (1) the information obtained about random sampling error, (2)
the experience in the field regarding sources of error that were not relgted
to sampling, and (3) comparisons of the sample estimates with other sources
of information, strongly suggested at that time that much attention must be
directed in the future to minimizing error from sources other than sampling.
From this and other experiences with probability sampling, a new perspective
of the total error in estimates from surveys started to develop.

One outgrowth of this test of area sampling was the development, by 1945,
of an area sampling frame for all States.3/

2. Some Key Features of Area Sampling

2.1 Versatility

Possible uses of area sampling are unlimited. The survey population could
be composed of reporting units that are households, persons, farms, plants,
animals, cotton gins, suppliers of agricultural inputs, tractors, tracts of
land, grain storage facilities, processors of agricultural products, or any
other definable reporting units that can be uniquely associated with segments.
Adaptability to particular uses, and versatility, are strong attributes of area
sampling. Many needs for information have been filled where area sampling was
the only means available for selecting a probability sample.

2.2 Coverage

Conceptually, an area sampling frame is always current and complete with
regard to any definition of a reporting unit. For example, an area sample of
farms is a sample of farms as they are defined and exist at the time of the
survey. In other words, if a random sample of 1/5 of all segments in the

2/ Jessen, Raymond J., "'Statistical Investigation of a Sample Survey for
Obtaining Farm Facts,' Iowa State University, Research Bulletin 304, June 1942,
Ames, Towa.

3/ King, A.J. and Jessen, R.J., '"Master Sample of Agriculture,' Journal of
the American Statistical Association, Volume 40:38-46, 1945.
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population is selected, the sample of segments is '"expected" to contain 1/5 of
the reporting units in the population regardless of how the reporting units are
defined. (The word "expected" is used in the sense of mathematical expectation.)

To further clarify the point, consider the estimator g-ZX. The number of seg-

ments, N, in the population and the number, n, in the sample are known. The
sample total, Ix, is the total of characteristic X for all reporting units
associated with the sample of n segments. Hence, the sample can be expanded
regardless of how a reporting unit is defined. Notice that one does not need

to know the number of reporting units in the population in order to apply area
sampling. In fact, from an area sample, one can estimate the number of reporting

units in the population. One estimator 'is g(r), where r is the number of re-
porting units found in the sample of n segments.
The preceding paragraph pointed out that an area sampling frame is concep-

tually complete. The term "conceptually complete'' needs to be stressed because,
in practice, coverage error is a major problem. If one selects an area sample

and expects to use g-as an expansion factor, the fieldwork of identifying and

associating reporting units with each segment in the sample must be performed
with great care. If the association of farms with segments is incomplete, or
is not done correctly, the actual sampling fraction with regard to the number

of farms in the sample in relation to the population total will not be %u

Therefore, g-Zx will not be an unbiased estimate of the population total.

2.3 Updating

An area frame does not become out-of-date in terms of coverage of a popula-
tion, unless the population extends into areas not covered by the frame. Changes
in land use, or number and location of reporting units, have a bearing on the
sampling variance but do not introduce bias. Some boundaries of sampling units
will lose identity as time passes, which could increase the potential for bias
as a result of greater ambiguity about boundary locations. There are two possi-
ble reasons for updating an area frame: (1) To maintain or achieve improvements
in sampling efficiency, or (2) to introduce updated or new maps to achieve
better boundaries of sampling units. Parts can be updated as needed.

2.4 Efficiency

The characteristics of a sampling frame have an important bearing on the
quality of results from a survey. Serious biases, low sampling efficiency, or
both might be the result of deficiencies in the sampling frame. For minimum
coverage error, statisticians would like to have an up-to-date list of all farms
(complete and without duplication) for sampling purposes. But agricultural char-
acteristics vary widely among farms. Consequently, to enable the design of effi-
cient samples for a wide range of purposes, it is important to have some infor-
mation about each farm on the list. For example, it is generally very helpful to
have farms classified by: (1) Type (for example, whether the farm is a livestock
farm, a fruit farm, etc., or perhaps whether some specified commodities are
produced on the farm), and (2) size (preferably a relevant measure of size



corresponding to each type of farm). Obtaining and:.maintaining a complete and
up-to-date list of farms, classified by type and size, is a major undertaking
that might be regarded as a goal to be achieved to the extent feasible.

The attributes of a list frame (list of farm operators) that make it most
effective for sampling purposes also apply to an area sampling frame. That is,
for designing area samples, one would like to have jinformation on the type and
size of each segment (sampling unit) in the population. But, construction of a
sampling frame (list or area) that will enable a high level of sampling effi-
ciency could require a major investment, unless relevant information exists
which can be easily incorporated in the sampling frame. Technical analyses and
considerations of costs, variances, and biases can be very helpful in determining
the merits of alternative, feasible specifications for a sampling frame. If a
good background of experience does not exist, there should be adequate testing
of feasible alternatives before setting final specifications and undertaking
the entire job of constructing a sampling frame. In fact, some testing is
generally advisable even though there has been much experience to build on.

2.5 Area Frames as a Complement to List Frames

A complete up-to-date list of farms, including relevant information about
the farms, is highly desirable for sampling purposes and has strong advantages
with regard to sampling efficiency and cost. But, the coverage of list frames
rapidly becomes out of date. Moreover, area sampling is often needed because
of deficiencies in, or absence of, list frames. As pointed out above, an
area frame is always conceptually complete. There are three general situations
pertaining to the application of area sampling:

2.5.1 List frame nearly adequate. Suppose a list of farms exists or
there is a means of developing a list that defines a survey population that is
nearly the same as the target population. In this case, the survey population
defined by the list might be accepted and a sample selected from the list would
be used for the survey. As a means of checking on the adequacy and completeness
of the list, an area sample might be used. This would involve matching the list
with reporting units found in the area sample. If the list is complete, all
reporting units in the area sample should be on the list. But matching involves
many problems, because a reporting unit is not always defined and identified in
the same way. Discussion of matching problems is outside the scope of this
publication.

Consideration of costs, sampling efficiency, and innumerable technical
factors could lead to a decision to use a list frame for sampling even though
the list frame defines a survey population that differs somewhat from the target
population. For example, consider a survey of wheat producers. Suppose a list
of wheat producers exists which is believed to be adequate, but an investigation
of its coverage would be appropriate. Area sampling could be used, but it
would involve contacting all farmers in the area sampling units to find those
who are producing wheat. If the production of wheat is widely scattered and
the proportion of farmers producing wheat is small, economics strongly suggest
sampling from the list. In this case, the survey might be based on a sample
from the list and an area sample could be used to obtain information about the
adequacy or quality of the list.



2.5.2 List frame covers part of population. A list frame might be very
good but cover only a part of the population to be surveyed. If the list frame
covers a major or important part of the population and is satisfactory, except
for incompleteness, a sample from it might be selected. To get representation
of the part of the population not included on the list an area sample could be
used. This is an example of multiple-frame sampling, which is concurrent use
of two or more sampling frames. For some surveys multiple-frame sampling has
important advantages, but those advantages are often very difficult to realize
when estimating population totals, owing to practical difficulties of accurately
determining which reporting units in the area sample are also in the list frame.

2.5.3 Adequate list frame not available. A list frame might not exist
and it might not be feasible to create one that provides a satisfactory sampling
frame for even a part of the population. In this case, area sampling is the
only possibility for selecting a probability sample.

In the first two situations (2.5.1 and 2.5.2), reporting units enumerated
in the area sample must be matched with reporting units in the list frame. Such
uses of area sampling are appropriately discussed under multiple-frame sampling
which is outside the scope of this publication. Discussion will be limited to
the third situation.

3. Size of Segment

3.1 Sampling Variance as a Function of Segment Size

""Size of segment' is a general term. It might refer, for example, to the
land area of a segment, to the number of farm operators living in a segment, to
the number of dwelling units in a segment, to the amount of irrigated land, or
to the amount of land under fruit trees. However, in this section, 'size of
segment' will be discussed in terms of the number of farms "'in'' a segment. A
farm is "in'"" a segment if its headquarters is within the boundaries of the
segment. This will be discussed in Section 4.3, The Open-Segment Method.

Factors to consider when defining segments include: Sampling variance,
costs, problems associated with segment boundaries, topographic detail on avail-
able mapping materials, and the method of associating farms with segments. Cost
considerations have often given rise to strong intuitive impressions that favor
sampling units that are larger than they should be. This evidently comes from
the fact that, for a given cost, more farms can be included in the sample when
the sampling units are large. Optimum size of segment will be discussed after
a brief review of the situation regarding the relation between sampling variance
and size of segment.

To emphasize the difference in sampling variance for large segments in
comparison with small ones, some results from an unpublished analysis of data
from a farm census in the State of Wisconsin are presented in table 1. In this
census, farms were enumerated by townships. (''Township' is the name for the
smallest political subdivision in the State). Thus it was possible to compute
sampling variances for area sampling when sampling units are townships and to
compare the results with variances when individual farms are the sampling units.
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The average number of farms per township was 69.5, and there was a total
of nearly 102,000 farms in the State. Columns (2), (3), and (4) of table 1 are
explained in the footnotes to the table. Column (5) was included to emphasize
an important point that will be discussed later. Columns (6) and (7) are dis-
cussed in the following paragraphs. They show the ratios of sampling variances
for townships to sampling variances for farms.

To compare the sampling variances for townships with the sampling variances
for farms, simple random sampling was assumed. For townships, variances for two
different estimators were computed. The first was a mean per township estimator:

-

x =
1

Gullt=!

t
ZXe:
1

where T is the number of townships in the State, t is the number of townships

in the sample, and X, is the total of characteristic X for the ith township in

the sample. The second estimator is a ratio estimator:

t
in
X2=FT
Tt
1

where F is the total number of farms in the State, and fi is the number of farms

in the ith township in the sample. The ratio estimator, x”, was included be-
2

cause it removes from the sampling variance at least part of the variation among
townships that is correlated with variation in size (number of farms) of the
townships.

The estimator for a simple random sample of farms was:

f
B
X© = = IX.
s £
where f is the number of farms in the sample and xj is the value of character-

.th

istic X for the j~ farm in the sample.

We want to compare the sampling variances for townships and farms, assuming
the sampling fractions are the same; that is, when f = 69.5t. Thus, colum (6)
is the variance of x” divided by the variance of x”, assuming f = 69.5t. Simi-

1
larly, colum (7) is the variance of x; divided by the variance of x;.

The first entry in column (6), for example, means that for alfalfa the
sampling variance for townships using the first estimator, x”, is 53.7 times

1
larger than the sampling variance for farms. Columns (6) and (7) may also be
interpreted in terms of sample sizes needed for equal precision (that is, equal
sampling error). Taking the first estimator and alfalfa as an example, a simple
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random sample of 100 farms has the same precision as a sample of 5,370 farms
when townships are the sampling units. It would take a sample of approximately
77 townships to get a sample of 5,370 farms. The difference is much less for
other characteristics.

Notice that the sampling variance for townships relative to the sampling
variance for individual farms is related to the proportion of farms reporting
the commodity (compare columns (6) and (7) with colum (2)). For some commod-
ities there is an average of less than one farm reporting per township. (See
colum (3)). If size of township is measured by number of farms reporting, then
a township is a '"'small"' sampling unit for some commodities, namely the commod-
ities at the bottom of the list. The production of these commodities is widely
scattered. For such commodities the township as a sampling unit has less loss
of efficiency, as shown in the last two columns of table 1. The results clearly
indicate a very large loss in sampling efficiency when area sampling units have
large numbers of farms reporting, but other things need to be considered.

3.2 Sampling Variance as a Function of Percentage Reporting

Colums (4) and (5) of table 1 were included because they reflect an
important general situation that needs to be recognized in sampling. Based on
simple random sampling of all farms, column (4) shows that the relative variance
of various items is closely related to the proportion of farms reporting the
item. (For a definition of relative variance see footnote 4/, table 1.) Column
(5), as explained in the footnote, shows the relative variance when all values
of Xi = 0 are eliminated from the variance calculations. It is the relative

variance among farms reporting the item. There is little or no relation between
the variances in column- (5) and the percentage reporting, column (2).

The relation between the relative variance of all values of X including
zeros and proportion reporting has been shown in sampling theory 4/. In fact,
the relation between columns (4) and (5) is as follows:

V2+(1-P)
V2 = —5———~P (1)
L

where V2 is the relative variance among all farms, colum (4), V2 is the relative

4
variance among all farms reporting, column (5), and P is the proportion of farms
reporting, that is, column (2) expressed as a decimal fraction rather than as a
percentage.
Suppose a simple random sample of f farms is selected and that x3 is the

estimator of the population total. The relative variance of x~ is
3

V2 V2+(1-P)
fi =

4/ Hansen, Hurwitz and Madow, "Sample Survey Methods and Theory," Vol. 1,
p. 122, John Wiley & Sons, 1953.
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assuming that the correction for finite population, (Eééd, is small enough to be
ignored. We have noted that Vi varies by a relativelysmall amount from one

commodity to another. Hence, the value of P is a major important factor in
determining the relative variance of x;, the estimate from a sample.

Equation (1) also applies to area sampling, assuming a simple random sample
of segments. Suppose there are N segments in the population and that N* is the
number of segments in the population for which Xi is greater than zero, where
X, is the total of X for the ith segment in the population. Then P = %-,

and V? is the relative variance of Xi among the N” segments for which X3 is

5
greater than zero. Suppose that a simple random sample of n segments js
selected. The relative variance of the estimated total,

V2+(1-P)

n
ER S
it nP

B=

assuming that the correction for finite population is small enough to be ignored.
Without getting involved in a full explanation, this indicates that it would be
undesirable to define a population of segments wherein the proportion of ''zero
segments'' (segments that do not possess the characteristics being measured) is
more than a small percentage of all segments.

Many commodities are produced on less than 20 percent of the farms and
equation (1) indicates high sampling variance when the percentage is low. This
points to the recognized need for what is often called special-purpose sampling;
that is, developing sampling frames and designing samples that are efficient
with regard to particular commodities or purposes. It is not possible in this
publication to pursue various implications of this with regard to sampling agri-
cultural populations. Briefly, it indicates including, to the extent feasible,
informatién in sampling frames about who is producing various commodities or
detailed information on where the commodities are produced.

3.3 Defining Segments to Minimize Sampling Variance.

Sampling variance is a function of the variation among segments. There-
fore, one objective in defining segments should be to make the variation among
segments as small as possible. It is well known, as indicated in section 3.1,
that sampling variance is related to the average size of segment and to varia-
tion in the size of segment. With regard to variation in size of segment, the
objective is to make the segments nearly equal in ''size', where the measure of
size is a variable closely related to the variables to be measured in the sur-
vey. If it is not feasible to equalize the size of segments, but a relevant
measure of size is available, ratio estimation might be a possibility for re-
ducing sampling variance that is associated with variation in the size of
segments.

With regard to average size of segment, and considering only sampling
variance, the objective would generally be to define segments so there is one
reporting unit in each. For example, if the proposed survey involves only
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livestock farms, the objective would be to have segments defined so there is one
livestock farm in each. But - available information for defining segments is
usually very limited. Therefore, the degree of realization of the objective of
segments of equal ''size" is limited by the nature of any relevant information
that might exist.

3.4 Optimum Size of Segment

A random sample of 500 segments with four farms each can be enumerated at
less Cost than a random sample of 2,000 segments with one farm in each. The
latter will have a smaller sampling error. The optimum size of segment might
be about two or three farms, depending on variance and cost functions. Accumu-
lated experience points to very small segments; that is, small in terms of
number of reporting units as defined for the survey. Optimum size is difficult
to define and' determine in ‘practice, especially when estimates are calculated
for many characteristics and for several domains as well as for the whole pop-
ulation. A difference of one or two reporting units in the average size of
segments might be difficult to assess. Nevertheless, assuming that the survey
cost is held constant, as segment size increases, a point is reached where the
sampling variance increases rapidly. That is, small departures from optimum
might be negligible but large departures could result in a serious loss of
sampling efficiency. Therefore, as an objective, try to specify a segment
size that is in the vicinity of optimum, unless topographic detail for delin-
eating segments dictates otherwise. In the United States, considering variance
and cost, the experience has been that the "optimum'' size of segment, for many
purposes, is less than the practical minimum dictated by problems associated
with segment boundaries and limitations of topographic detail on maps2/.

Optimum size of segment, as discussed in the preceding paragraph, referred
to sampling variance, not to mean square error, which is a cdémbination of
sampling variance and bias. This brings us to matters of bias associated with
segment boundaries. The ratio of the perimeter of a segment to its area is a
function of its size and shape. The ratio is greater for small segments than
large ones, hence one expects the impact of any biases associated with ambiguity
about segment boundaries to be relatively greater for small segments. Also, as
the size of segment decreases, topographic features suitable for use as segment
boundaries become less prevalent. Therefore, in terms of mean square error,
the optimum size of segment could be larger than the optimum based only on
sampling variance. There is very little, if any,'quantitative information
available on this point. But experience strongly indicates that high priority
must be given to delineating segments that have boundaries which can be posi-
tively identified by interviewers in the field. The question of average size
of segment often resolves into a matter of determining the smallest average
size that is practical with regard to topographic detail.

5/ Houseman, Earl E. and Trelogan, Harry C., 'Progress Toward Optimizing
Agricultural Area Sampling.'" Proceedings of the 36th Session of the Inter-
national Statistical Institute, Sydney, 1967.
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4, Definitions of Area Sampling Units

4.1 Introduction

A

It is not possible to delineate segments so that no farms will overlap seg-
ment boundaries. This is the root of many practical operating problems of
associating farms with segments. In coping with'such problems, three primary
methods of using area sampling have evolved: Closed segment, open segment, and
weighted segment. These three methods refer to three different ways of defining
an area sampling unit. However, before discussing these methods we need to de-
fine "'tract,' which plays an important role in all three methods.

A tract is a portion or subdivision of a segment that is under one manage;
ment. It is either an entire farm, part(s) of a farm, or a nonfarm area of
land. That is, a tract is determined by the definition of a farm and by the
boundaries of a segment. A farm is composed of one or more tracts.

With one exception, which will be discussed later, rigorous application of
area sampling requires that each sample segment be divided into tracts and that
all land within the segment be carefully accounted for as illustrated in figure
1. This is necessary to minimize coverage error. The description of the seven
tracts in figure 1 is not intended as an illustration of the information that
would need to be obtained in an actual survey. The information to be recorded
and procedural detail vary with the method of applying area sampling. As
references to figure 1 will be made in the following discussion, it is suggested
that readers become familiar with it at this point.

Early uses of area sampling employed the open segment, but practical diffi-
culties led to use of the closed segment whenever it was not necessary for the
reporting units to be farms. For surveys in which the reporting units must be
farms, only the open segment and the weighted segment are applicable.

4.2 The Closed-Segment Method

A strong virtue of the closed-segment method is its simplicity. The idea
is to collect data on specific items or activities within the boundaries of the
sample segments.  For example, if information on land use is required, data are
collected on the use of all land within the boundaries of each sample segment.
Or, if information about cattle is wanted, the goal is to get information about
all cattle within the boundaries of the segment at the time of the interview.
Tracts as defined above are the reporting units unless some other definition
of a reporting unit is more appropriate. With reference to figure 1, the
"closed segment' (meaning the closed-segment method of defining the area sampling
unit) is composed of all tracts A thru G. If no information about nonfarm
tracts is to be collected, one could say that the closed segment is composed of
six tracts: A, B, D, E, F, and G. Tract D is composed of two parts.

Where applicable, the closed segment has a major advantage, compared with

the open- and weighted-segment methods, because ambiguity is eliminated about
what a farm is--ambiguity that has the affect of causing coverage error due to
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residence
Figure 1.--Division of a segment into tracts

Description of figure 1:
Tract Farm Description

A 1 Tract A is an entire farm. The operator lives on his farm.

B 2 Tract B is a farm but the operator does not live on his farm or

inside the segment.
C 3 Tract C is a nonfarm tract. That is, no agricultural operations

are performed within it. However, one of two brothers who
operate a farm lives on this tract. No part of their farm is
located in this segment. But according to previously defined
rules that designate one person as the ''operator' of a farm, the
brother 1living in tract C is the operator of farm number 3,
rather than the brother who helps operate the farm and lives on
the farm in another segment.

D 4 Tract D is composed of parcels of land at two locations within
the segment. It is operated by one person who lives in the seg-
ment and has no land outside the segment.

E 5 Tracts E and E“ compose farm number 5. This is an example of a
segment boundary crossing a farm and dividing the farm into two
tracts. The operator lives in tract E

F 6 Tract F is part of farm number 6. The remainder of the farm is
a tract located a few miles away from this segment. The operator
lives outside the segment.

G 7 Tract G is part of farm number 7. The operator lives in the
segment and on his farm.
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duplication or omission of parts of farms or of whole farms, For land use,
including crop acreages, the closed segment has proven generally to be much
superior to the open- and weighted-segment methods, particularly if photographs
are available as an aid to identifying tract boundaries. Nearly all farm oper-
ators in the United States know the acreages of their fields and, therefore,
are generally able to report accurately the acreages of fields within a segment.
If the operator of a tract within a segment is not available for an interview,
the crops in the tract can be identified and acreages might be estimated from
photographs or by other means.- Therefore, response error and coverage error
are relatively low. Also, the sampling variance for the closed segment is
generally much lower than the sampling variance for the open segment.

Unfortunately, for many characteristics farmers are not in a position to
provide accurate data pertaining to parts of their farms; that is, for tractd
within segments as required by the closed-segment method. For example, an
operator would probably know the man-hours of hired labor used on his farm and
how much he paid for hired labor. But, if his farm overlaps a segment boundary
he might have to make an inaccurate guess as to how much hired labor was used
on a tract within a segment. The problem which an operator has of reporting
for a tract within a segment, rather than for his entire farm, varies from
virtually no difficulty in the case of crop acreages to being impracticable
for most economic data such as purchases of inputs or sales of agricultural
products.

Segment boundaries should follow permanent landmarks, but that is not
always possible, and some landmarks change. An interviewer will occasionally
find instances where a portion of a segment boundary cuts across a field. Such
cases might be handled in one of two ways: (a) Have the interviewer obtain
information for the entire field; then, in the office a random determination
could be made to drop the entire field from the segment or to include the entire
field in the segment; or, (b) if a sufficient basis exists, a preferred method
is to estimate the proportion of the field that is in the segment and multiply
the field total by that proportion. The interviewers might be given instruc-
tions for making such determinations, but that is usually less desirable than
having them supply the necessary facts so that the disposition of such cases
can be handled in the office. Office staff should be trained so they are less
inclined than interviewers to introduce bias when discretion is exercised.

Since livestock can roam, some problems occur that are peculiar to live-
stock. For example, even though the boundary between tracts E and E“ in figure
1 is a visible landmark, it might be possible for the farmer's livestock to
move between the two tracts. In that case, the operator might not know at the
time of an interview exactly where all of his livestock are located with regard
to segment boundaries. This case could be dealt with by using techniques like
those suggested in the preceding paragraph. The open- and weighted-segment
methods discussed later are also possibilities.

4.3 The Open-Segment Method

The general idea of the open-segment method is to formulate practical rules
that associate every farm in the population with one and only one segment. To
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do this, a unique reference point, called "headquarters,' is defined and located
for each farm. A farm then belongs to the segment in which its headquarters is
located. Conceptually, the probability of a farm's being in the sample is clear,
It is the same as the probability of selecting the segment in which its head-
quarters is located.

There have been two general approaches to identifying and delimiting a
farm: The farm-operator approach, and the farm approach.

4.3.1 Farm-operator approach. This approach involves canvassing each
sample segment for farm operators. A farm operator's residence is, by defini-
tion, the farm headquarters. Each residence (dwelling unit) within a sample
segment should be visited and appropriate questions asked to determine whether
anyone living in the residence is a farm operator. A questionnaire for the
farm of each operator living in the segment is filled out regardless of where
the farm is located. With reference to figure 1, farms numbered 1, 3, 4, and
7 are in the sample because the residences of the operators of these farms are
within the boundaries of the segment. No information would be collected about
the other farms.

The application of the farm-operator approach requires formulating rules
that create, by definition, a one-to-one correspondence between farm operators
and farms. This is needed because it is possible for more than one person to
be accepted as the farm operator of a particular farm. A good example of this
is a farm operated jointly by two brothers who live in different houses. Under
the farm-operator approach the farm could easily be counted twice (or have a
double chance of being in the sample) unless some rules that define one of the
two brothers as the operator are strictly applied. For example, with reference
to figure 1, two brothers operate farm number 3. One of the brothers lives
outside the segment and one lives on tract C within the segment. By definition,
the brother living in tract C is the farm operator. Therefore, farm number 3
is "in'" the segment in the figure rather than "in" the segment where the other
brother lives.

Because there are many cases where more than one person or household might
be involved in the operation of a farm, a short questionnaire should be devel-
oped for use at each dwelling unit within a segment. The questions must be
carefully worded and designed to ascertain whether anyone living in the dwelling
unit is a farm operator in accordance with the prescribed definition of a farm
and of a farm operator that establishes a one-to-one correspondence between
farms and farm operators.

In addition to the opportunities for omission and duplication arising from
ambiguity about the correspondence between farm operators and farms, another
important practical problem is often encountered with the farm-operator approach.
It is the problem of finding all farm operators in segments containing many non-
farm dwellings (dwellings not occupied by farm operators, as in urban areas),
Since it is a major undertaking to visit all dwelling units in a segment con-
taining many nonfarm dwellings, special procedures might be needed. There are
at least two possibilities:

(1) Let the interviewers visit dwelling units more or less at their dis-
cretion in an effort to find all farm operators. That is, at dwelling units
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which they visit, inquiries would be made to discover farm operators living in
neighboring dwellings as well as in the one visited. This possibility is not

regarded by the writer as satisfactory, because operators are likely to be over-
looked.

(2) Another possibility is to work out a plan for selecting a random sub-
sample of dwelling units to be canvassed in the segment. For example, the seg-
ment might be divided into smaller segments and one of the smaller segments
selected at random for the sample. Do not overlook the need for adjusting (or
weighting) the data because of the subsampling. A preferred method might be to
use smaller segments, initially, in residential areas and also to use smaller
sampling fractions in such areas. Remember, the case under discussion is an
area where the proportion of nonfarm dwelling units is high. Villages where
most of the dwelling units are occupied by farm operators pose a different
problem.

The difficulty of achieving complete identification of operators living
within sample segments in densely populated areas, where the proportion of farm
operator dwellings is low, and the difficulty of applying rules to establish a
one-to-one correspondence between farm operators and farms have often led survey
statisticians to adopt the farm approach discussed in the next section. The
farm-operator approach does not require dividing each segment into tracts,
whereas the farm approach does.

4.3.2 Farm approach. This approach involves identifying a farm and its
land area and determining the operator or a suitable respondent who can give
accurate information about the farm. The difference between the farm-operator
and the farm approaches is mostly a matter of procedure--whether one looks for
farm operators and the identity of their farms or for farms and then the oper-
ators. Even though the definition of a farm is the same, the coverage error
might be quite different because the survey procedures are different. Also,
the choice of approach might have an important bearing on how segments are de-
fined. This will be discussed under frame construction.

Under the farm approach, the task is to identify farms with headquarters
within the sample segments and to fill out questionnaires for such farms. Giv-
ing interviewers a sample of segments delineated on maps and telling them to
fill out questionnaires for farms with headquarters within the sample segments
is generally inadequate, even though complete definitions of farms and head-
quarters are provided. Experience has shown that success with the farm approach
requires doing a thorough, rigorous job of identifying all farms that have any
land within the segment and then of determining which of these farms have head-
quarters located within the segment. As a minimum, it seems necessary to have

;nterv1ewers follow a three-step process with the aid of a specially designed
orm: v

Step 1--Account for all land in each sample segment by dividing
each segment into tracts and describing each tract as
illustrated in figure 1.

Step 2--On a special form list each farm that corresponds to a

tract identified in step ''1'" and obtain answers to questions
on this form which will establish the land area of each farm.
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The idea is to.obtain answers to quéstions that will
clearly establish the boundaries, area, and identity of
each farm uniquely.

Step 3--Determine the location' of the headquarters of each farm.
Questions that need to be included on the form
will depend on the definition of headquarters.

4.3.3 Problems with establishing a definition of farm headquarters. Oper-
ational specifications of a headquarters must be formulated so each farm has one
and only one point called a headquarters. Examples of headquarter locations
that might be considered are the farm operator's dwelling, the northeast corner
of the farm, the place where farm records are kept, the place where farm machin-
ery is kept, and the main entrance to the farm. There is some ambiguity in the
application of any definition of a headquarters. A dwelling unit and its loca-
tion in relation to a segment boundary are quite distinctive, but the degree of
Success using the operator's dwelling as the headquarters depends, among other
things, on obtaining of a one-to-one correspondence between farm operators and
farms. The northeast corner often lacks uniqueness in application because the
geometrical configuration of farms varies widely. Machinery might be kept at
more than one location and the main entrance is not always distinctive. Thus,
lack of simplicity and uniqueness in operational specifications of a headquarters
is a key problem with the open-segment method.

Under the operator approach (section 4.3.1), the farm operator's residence
is the logical point to define as the farm headquarters. As indicated in the
preceding paragraph the major practical problem with the operator approach re-
lates to farm tenure and who is the operator of a farm. If farm (or land)
tenure is such that simple rules will fully specify a particular person as the
unique farm operator, then the operator approach (and use of the operator's
residence as the farm headquarters) could be the best survey technique. However,
if matters of tenure or farm organization are complex, or if a large amount of
screening is required to identify farm operators in densely populated areas,
some other technique might be more effective.

With the farm approach (section 4.3.2), the operator's residence could
also be defined as the farm headquarters. In this case, the questions asked
in step 3 would be for the purpose of determining, uniquely, the farm operator.
Then the location of each operator's residence would be ascertained to determine
whether the farm is "in'" the segment. However, operational procedure must be
developed and tested in detail. '

Farm number 3 in figure 1 provides an example of the kind of detail that
must be considered in the process of formulating specifications and instructions
for interviewers to follow. Suppose the farm approach is used and that farm
headquarters is defined as the operator's residence. According to the specifi-
cations, farm number 3 is "in"' the segment shown in figure 1 because the head-
quarters (place where the operator lives) is in this segment. But will the
open segment, farm-approach field procedures correctly include this farm in
the sample, if the segment shown in figure 1 happens to be selected for the
sample? Remember, tract C was described as a nonfarm tract. If only farm
tracts are included on the listing called for by step 2 (see page 17), farm
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number 3 would be omitted when it should be included. Farm number 3 illustrates
a problem that is peculiar to the farm approach but not the farm operator
approach. The problem is how to account for farms where the operator does not
live on his farm and his residence is by definition the headquarters of the farm.

One solution is to always include the operator's residence (the land on
which it is located) as a part of the farm, This would call for procedures for
dividing segments into tracts so tract C (or a small lot on which the operator
residence was located) would be identified as a part of farm number 3. To be
sure that an operator's residence is always included as part of a farm, it
would be necessary to visit all dwellings within a sample segment .to identify
all operator dwellings and include them in farms. That takes us back to the
farm-operator approach.

An alternative solution requires formulating rules that enable a clear
determination of whether an operator is living on his farm or is not living
on his farm. Operators living on their farms have sometimes been referred
to as resident operators. Those not living on their farms would be called
nonresident operators. Briefly, the plan is as follows: For farms with resi-
dent operators define the operator's residence as the headquarters. For farms
with nonresident operators, some point other than the operator's residence
would be defined as the headquarters. This plan has been used in many surveys;
but, with the farm approach, a generally best or accepted way of defining farm
headquarters has not emerged. The search for a satisfactory operational defi-
nition continues and will probably continue whenever the open-segment method
is used.

The following definition of headquarters is one illustration of some of
the efforts that have been made. It represents an early effort to establish an
operational definition of headquarters for'an area where a high proportion of
the operators lived on their farms. It assumes the farm approach, and in areas
having many nonfarm dwellings it requires looking for farms rather than oper-
ators. Also, its application requires operational specifications (not included
herein) for determining whether an operator lives on his farm. Such specifica-
tions need to include a definition of a farm operator that establishes a one-
to-one correspondence between farm operators and farms. The following defini-
tion of headquarters is not necessarily recommended. It is presented as an-
illustration of criteria that might be used in an operational definition:

(1) If the operator of the farm lives on the farm, his residence
is the headquarters.

(2) 1If the operator does not live on the farm but there is one
and only one occupied dwelling on the farm, that dwelling is
the headquarters.

(3) If the operator does not live on the farm and there are two
or more occupied dwellings on the farm, the occupied dwelling
of greatest value is the headquarters.

(4) If there are no occupied dwellings on the farm but other

buildings are present, the building of greatest value is the
headquarters.
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(5) If there are no buildjngs on the farm, the "main entrance"
to the farm is the headquarters.

(6) If no point can be identified as the main entrance the
corner of the farm farthest west and farthest north (in
that order) is the headquarters.

As an alternative one could combine parts (2), (3), and (4) and parts (5)
and (6) as follows:

If the operator does not live on his farm and there is one or more build-
ings on his farm, the most valuable building is the headquarters,

If there are no buildings on the farm, the corner of the farm farthest west
and farthest north (in that erder) is the headquarters.

With reference to figure 1, sufficient information was not given to illus-
trate application of the above definition, However, it gives some indication
of how complex the definition could be. One should look for a simple definition
that is easy to apply and is as free from error as possible.

In practice, any definition must be interpreted with regard to the many
situations that will be encountered. What does ''on the farm'' mean? What is a
building? What is a farm? Who is the operator? Fortunately, for most farms
the answers to such questions are quite clear, but there are many cases where
ambiguity gives rise to coverage errors. Much experience is.required to develop
complete, well-adapted definitions and instructions and to develop training pro-
grams and procedures for supervising fieldwork that lead to results of high
quality. It is the detail necessary for dealing with all of the numerous situ-
ations that is onerous. Do not overlook the need for balance. For example,
one can focus so much attention on completeness of instructiods that emphasis
on the most important points is lost.

4.3.4 Some. general observations. General survey experience with the open
segment reveals a strong tendency toward undercoverage. For example, assume a
5-percent area sample. The number of farms identified and surveyed by inter-
viewers as being in the sample tends to be less than 5 percent. Even with
experience and much emphasis on getting all farms correctly defined and associ-
ated with segments, it is difficult to reduce coverdge error to a level that is
negligible. Incidentally, coverage error varies from one characteristic to
another in the same survey. For example, there are many small farming opera-
tions that present problems of ambiguity about whether they qualify as a farm.
Whether one of these small farms gets counted has a greater impact, for example,
on an estimate of the number of farms than on an estimate of acres in farmland.

In summary, ambiguity about farm-headquarters and ambiguity about whether
a farm operation satisfies the definition of a farm are both major sources of
coverage error. They can be avoided by using the closed segment where appli-
cable. However, when a farm must be the reporting unit, there are two possible
survey methods that do not involve headquarters:

(i) The first is to have a questionnaire filled out for every farm
that is within, or partly within, each sample segment (refer to
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step 2 on page.l7). This possibility is called the "weighted"
segment because the data need to be weighted, It will be dis-
cussed in detail in the next section.

(ii) The other possible way of avoiding the headquarters problem
is not generally feasible. Give each farm listed in step 2
a conditional probability of being in the sample that is equal
to the proportion of the farm that is within the sample segment,
without acquiring detail about the operator. It is not feasible,
in the writer's opinion, to have interviewers perform the prob-
ability determinations. It would be necessary to have the
step 2 listings sent to the office for random determinations.
The need to send the step 2 listings and information to the
office adds to cost and time required to do the survey, as
compared with letting the interviewers proceed with step 3
and the necessary interviewing. Moreover, the sampling
variance would be very large.

4.4 The Weighted-Segment Method

The weighted-segment method calls for collecting data from every farm that
is within, or partly within, a sample segment. The data for each farm are then
weighted by the proportion of the entire farm that is within the segment.

Initial reactions to the weighted segment have often been unfavorable for
various reasons. One is the fact that the data for individual farms need to be
weighted. Another is that only about half of the farms listed in step 2 on
page 17 will have headquarters within the sample segments. Therefore, for a
given number of sample segments, the weighted segment requires interviews for
twice as many farms as the open segment. An initial impression of sampling
variance, assuming a fixed number of farms in the sample, might also be unfa-
vorable compared with that of other methods. Moreover, the ambiguities about
what constitutes a farm are not avoided. However, the weighted segment has
some important desirable characteristics and it should be fully investigated.
Compared with the open-segment, the weighted-segment method avoids the problems
associated with establishing farm headquarters; and it appears to have a better
potential for minimizing coverage error. Also, as we shall see later, it has a
much lower sampling variance per segment than the open segment. These points
will become more apparent as the weighted-segment method is discussed.

The weighted -segment method is better understood by thinking about a whole
population of segments rather than a sample of segments. In effect, each farm
in the population gets prorated among all segments in which it is located.

That is, with reference to a particular segment, the data for each farm that is
within, or partly within, the segment get multiplied by the proportion of the
farm in the segment. Therefore, when the prorated data for each segment are
summed over all segments in the population, each farm is accounted for in such

a way that the total for all segments is the correct population total. This
will be shown in a numerical illustration presented later. Turn to the numer-
cal illustration on page 26, if you encounter difficulty with the following
algebraic formulation. Corresponding mathematical descriptions for the closed-
and open- segment methods are not included because the theory of cluster sampling,
discussed in sampling textbooks, is sufficient.
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4.4.1 Algebraic description of the weighted segment. Suppqse Aj is the
amount of farm land in the jth farm in the population where j = 1,..., F and F

is the number of farms in the population. Let Aij be the amount of farmland in

the jth farm that is within the ith segment of the population where i = 1,...,N.

h th

A s
Then Pij = Kll-is the proportion of the jt farm that is in the i~ segment. If

J

.th

all of the j farm is in the ith segment, Pij = 1. If none of the jth

farm is
within the ith segment, Pij = 0. Also,

N Ai. EN
$P..=3% -4 =1, and 5% P.. = F.
- 1 A <. 1]

i i ji

Remember, Pij is a proportion, not a probability.

Suppose X_j is the value of some characteristic X for the jth farm. Then,

B
ZXj is the total of X for the population. The total of X for the ith segment is
defined as
F
.= T P.. X.
L gy 4 (2)

Excluding the possibility of reporting errors, Xi is a unique value for the ith

segment. When summed over all segments of the population, the values of Xy add
to the population total. Thus

N NF FN
Z Xi = IZ Pij Xj = I Pij X.
i ij ji
Observe that .
N N
£ P.. X. = X. because ¢ P.. = 1.
i 1] ] J i 1)
N F N
Therefore, it follows that & Xi =3 Xj which shows that I Xi is the correct
i j ’ i

total.
Equation (2) may be written in another form that is more convenient when
working with sample data. Let k = 1,...,fi be the index for farms associated
with the iIh segment. ''Associated with'" refers to all farms that are entirely
in or partly in the segment. Let Xik be the value of X for the kth farm in the

ith segment, and P,y be the proportion of the K™ farm that is within the el
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segment. Then, Xi can be written as follows:

;
1

Xi =X Pi
k
It seemed somewhat easier to use equation (2) than equation (3) to show that the
Xi's added to the correct population total.

k Sk 3

4.4.2 Estimators and their variances. Since there is a unique value, Xi’

for every segment in the population, sampling theory for cluster sampling applies
in developing a sampling design. Any suitable probability sampling plan may be
used to select a sample of segments. However, for simplicity and to illustrate

how estimates from a sample could be made, assume a simple random sample of n
segments. Let Xoq be the value of X for the kth farm associated with the ith

segment in the sample. The questionnaire must provide a numerical value of Aik

A.

and A_k SO Py = Klk-can be calculated, where Pix is the proportion of the kth
k

farm that is within the ith segment. Incidentally, "A'" was defined above as

farmland. Other possible measures of the proportion of a farm that is within a
segment need to be explored. Estimators of interest include:

Estimator of the population total of X:

~ NI
X'= —Z8 p:y X
n oy ik “ik (4)

Estimator of the total number of farms, which is obtained by
letting Xiq = 1z

~ N nfi
Fon il Py )

Estimator of the average value of X per farm:

ZIPix Xk

LIPy

X
> (6)

The notation in the estimators could be simplified by using one index of
farms in the sample, but subtotals by segments are needed for estimating sampling
error.

f. ;i
= =i - | . - .
Let X, = i Pite Xik and p; = i Pigcr Then, assuming simple random sampling,

formulas for estimating the variance of the estimates may be written as follows:
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n

g(xi-i)z
Var(&) = N(g—n) . Tt (7)
n B
A Z(p;-p)?
var(F) = N(g—n) = — (8)

A A

var() = &2 [var(X)+var(F)-2cov(X,F)]
FF

9)
where n 0
X4 7y
n b p n L)
and 0
L Z(Xl_)_() (pl-l—))
cov(X,F) = N(g—n) L =1

Even though a part of the same farm might be found in more than one segment in
the sample, the above formulas apply; that is, a weighted part, P15k of the
farm is included in each'segment in which it is found. t

4.4.3 Ratio estimation. If a measure of the size of each segment is avail-
able, ratio estimation might be used. For example, the total land area of the
population might be known and it might be feasible to obtain the land area, Y;o

for each segment in the sample. If the segments vary considerably in size and
Xi is correlated with Yi’ a ratio estimator of the total of X might have a lower

variance. The estimator, X , would be
1

X = (ZY.)=
1 i 1y (10)
N -
where ZYi is the total land area of all N segments, X is given by equation- (4),
i
n
3N
and Y = = i Y3

The estimated variance of X1 is

A

var(il) = Yzf§)2 [var(i)+var(§)—2 cov(i,?)]
Y

24



N
where Y = ; Y
1

n =
Z(x;-X)2
Var(i) = N(E—n) = =

A Z(Y -y)?

var(Y) = N(g it S

and
o Z(x -x) (v3 -y)
cov(X,Y) = N(N n) i —

With appropriate modifications a ratio estimator like equation (10) might
also be used with the closed segment. With the open segment, if ratio estima-
tion is used it probably would not involve land area of the segments. Before
deciding to use a ratio estimator, it is important to consider the conditions
under which it will be better than the estimator specified by equation (4).
Moreover, with reference to equation (10), do not overlook the fact that the

N
conditions should be such that the expected value of Y is very close to ZY

Otherwise, there is a bias in the expansion of the sample. To 111ustrate,
suppose that the total land area used in equation (10) to expand the ratio,

(¥), comes from a geodetic survey of the whole area. The total land area deter-
Y
N
mined by the geodetic survey might not be the same as ZYi, which is the expected
~ i
value of Y, because the geodetic survey did not obtain the total land area by
summing measurements of the land areas of each segment in the population. In
fact, experience shows that different methods of measuring the same thing gen-
erally do not give identical results and the difference is often large enough
to be important. This does not mean that Yi must be a measurement that has no

error. There could be considerable error in the values of Y.. The two impor-
N
tant things are that the expected value of Y be close to ZY and that Y be

related to X in a way that will reduce sampling variance. (See ratio estlma-
tion in the textbooks on sampling.)
4.4.4 Unequal probabilities of selection. The weighted segment method is

not limited to sampling segments with equal probabilities. With unequal proba-
bilities of selection the estimators, equations (4) and (5) would become:

n fi
X = zR lz( Pi1Xig - (11)
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and ’ £
P 1

F = gRi % Di (12)
ik

h

where Ri is the reciprocal of the probability which the i segment had of being

in the sample. However, the variance estimators (7) and (8) no longer apply.
Variance formulas for the particular design of the sample should be used.

4.4.5 Domain estimation. In many surveys, estimates by domains are de-
sired. 'Domain" is a general expression that refers to a part of the population,
for example, a class of farms such as livestock farms or farms with more than 500
acres of farmland. The estimation and variance formulas in section 4.4.2 are
still applicable if we make the following modification. Simply let Xik = and

p;k = Pix if a farm belongs to the domain and let Xt = 0 and Diy = 0 if the farm
does not belong to the domain. Substitute Xik and pik for{xik and Py in equa-

tion (4), (5), and (6). Equation (4) is then an estimator of the total for the
domain, equation (5) provides an estimate of the number of farms in the domain,
and equation (6) gives an estimate of the average per farm in the domain. The

. £,
5 o ik Lo - P . .
use of X = i Pl Xig and p; = E Piy instead of X, and p; in equations (7), (8),

and (9) provides estimates of the sampling variances of the domain estimates.

5. Numerical Illustration

To illustrate and compare the three methods of applying area sampling, a
small hypothetical population composed of 25 segments, 47 tratts, and 30 farms
was formulated. Most of the data for this illustration were copied from a
listing of tract and farm data from an area sample in an area where cattle-
feeding farms were concentrated. A disproportionately large number of farms
with.cattle and corn were selected ‘for this illustration.

Table 2 shows farm and tract data by segments. In the first colum, the
number to the left of the decimal identifies the segment, and the number on the
right side of the decimal identifies tracts within $egments (see section 4.1
for a definition of a tract). Tracts having the same farm number (see column 5)
compose a farm. An asterisk affixed to a farm number signifies the tract in
which the farm headquarters is located. For example, farm number 3 is composed
of tracts 2.2 and 3.1 and its headquarters is in tract 2.2.

To summarize briefly, the three methods of defining area sampling units
call for data collection as follows:

Closed segment. In a survey using the closed segment, data for tracts
within the sample segments would be collected.

Open segment. If the open segment is used, farm data would be collected
for all farms with headquarters within the sample segments.
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Weighted segment. In a survey employing the weighted segment, farm data
would be collected for every farm that is in or partly in a sample segment.

As a specific example of the data that would be collected under each of the
three methods, suppose segments numbered 5, 7, and 19 have been selected for a
sample. Depending on which method is used, one of the following sets of data
(refer to table 2) would be collected.

Closed Segment

: Tract data
Segment ) Tract - .

number | number | Farmland | Cattle . Corn

5 =& -- == =

7 1 630 0 0

7 2 120 0 116

19 1 160 0 0

19 2 160 28 0

19 3 80 201 19

Open Segment
Segment f Tract F?rm R .

number | number | Farmland | Cattle '  Corn

5 = 5 == zom

7 10 120 0 116

19 24 160 28 0

19 25 300 201 118

Weighted Segment
Segment f Farm f Farmland F?rm data -

nunber | number . in segment | Farmland  Cattle . Corn
S s - - - ——
7 2 630 1,260 246 203
s 10 120 120 0 116
19 23 160 640 0 116
19 24 160 160 28 0
19 25 80 300 201 118

Since each of the 47 tracts in the population is associated with one and
only one segment, it is clear that the closed-segment totals, when summed over
all segments in the population, must add to the correct population totals.
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Likewise, with the open segment, since each of the 25 farms is associated with
one and only one segment, the open-segment totals must add to the correct
population totals. It is less obvious, but the weighted-segment totals (after
the data are "'weighted'') must also add to the correct totals. Consider segment
no. 19. Three farms, 23, 24, and 25, are within or partly within the segment.
The proportions of these farms that are within the segment are:

Farm Proportion
23 ' L
24 o0 =1.000
25 = b

These proportions are values of Pik that appear in equation (3) and in the esti-

mators, equations (4), (5), and (6), for the weighted-segment method. The last
colum of table 2 contains the values of Pik‘ Notice that the values of Pik add

to 1 for each farm. Using segment 19 as an example, the weighted-segment totals
are:

Cattle (.250) (0) + (1.000) (28) + (.267) (201) = 81.7
Corn (.250) (116) + 1.000 (0) + (.267) (118) = 60.5
Farmland (.250) (640) + (1.000) (160) + (.267) (300) = 400

Number of farms (.250) + (1.000) + (.267) = 1.517

These totals and corresponding weighted-segment totals for all other seg-
lents are recorded in table 3. Segment totals for the closed- and open-segment
lethods are also shown. Notice that the weighted-segment totals for farmland
400 for segment no. 19) are the same as the closed-segment totals. Hence,

‘he weighted-segment totals for farmland are not shown in table 3.

.1 Domain Estimation and the Weighted Segment

Some analysts have sought reassurance regarding the applicability of the
reighted segment for analytical studies. Since the value of X for a farm is
ultiplied by the proportion of the farm that is in the segment, it might seem,
t first, that one is dealing with fractions of farms rather than whole farms.
ut that is not actually the case. The situation is similar to weighting sample
ata when several sampling rates are involved. This point was considered
riefly in section 4.4.5. The technique that was outlined is commonly used by
tatisticians as a short, general means of specifying a procedure for making
stimates by domains as well as for the whcle population.

o illustrate, suppose farms numbered 2, 7, 12, 17, and 22 compose a domain and

hat one wishes to make estimates for this domain. From table 2 the totals and
verages for the 5 farms in this domain can be obtained. The results are:
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Item Total Average

Farmland 2,066 413.2
Cattle 498 99.6
Corn 4873 96.6

A reader may verify that the estimators, equations (4), (5), and (6), and the
procedure outlined in section 4.4.5 are appropriate  for estimating these totals
and averages. Treat the 25 segments as a sample. That is, make the calculations
as though the 25 segments were a sample from a larger population. Taking the 25
segments as a sample, eliminates random sampling error and the results should
agree exactly with the above totals and averages for the 5 farms.

5.2 Sampling Variance

Since the sampling variance is a function of variation among segment totals,
it is important to study table 3 and its derivation from table 2. Examine the
variation among segments with regard to the three methods. For crop and other
items that are limited by amount of land, the closed-segment method imposes a
maximum on the segment total. Obviously, the acreage under corn, for example,
cannot be greater than the amount of farmland within the segment. But with
the open segment, the maximum amount of corn that could be '"in'"' a segment can
be at least as much as the amount for the farm in the population that is grow-
ing the largest amount of corn.

Observe, in table 3, the variation among segments in the amount of farmland
and compare the open and closed segments. For characteristics that are highly
correlated with amount of farmland, the closed segment will have much lower
sampling variances than the open segment, assuming the amount of land in seg-
ments can be effectively controlled in the process of delineating segments.

One might expect the differences in variances between open and closed segments
to be less for livestock than for crops, because the number of livestock is
limited to a lesser degree by the amount of land in a segment.

For characteristics correlated with amount of farmland the weighted-seg-
ment method, like the closed segment, imposes some control on the maximum values
of totals for segments. For example, the acreage of corn for a segment after
the data are weighted cannot exceed the amount of farmland in the segment. That
is, with reference to equation (3), if X is the acreage in any given crop, the
weighted-segment total, Xi cannot exceed the land area of the segment. Remember,

the sampling variance for the weighted segment involves variance among the Xi'

As another example of how the weighted and open segments differ with regard
to sampling variance, refer to table 2 and farm no. 13. Parts of this farm are
in five segments. It has 4,400 acres of farmland and 777 cattle., The open-
segment method assigns all 777 cattle, regardless of where they are located,
to segment number 11. This one farm has a major impact on the sampling variance
for the open segment. The weighted- segment method reduces, in this case, the
sampling variance by ''dividing' the farm into parts. Regardless of where the
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cattle are located, the weighting involved in the weighted-segment method has
the effect of dlstrlbutlng the 777 cattle among the five segments as follows:

Segment Cattle
9 14
10 111
11 225
12 318
13 109

TOTAL T

Notice that the more segments that a farm is located in, the greater its chance
of being in the sample.

Table 4 shows the relative variance among segments for each of the three
methods. The variances were computed from the data shown in table 3, Although
this numerical illustration does not provide a basis for generalization, the
results in table 4 are not contrary to general experience. As one would expect
from the above discussion, and as found in various studies, the open segment
has much larger variances than the closed segment.

Table 4.--Relative variance among segment totals

Relative variance 1/

Item = .
Closed : Open : Weighted

Farmland..........:  0.68 5055 0.68
Number of farms...: XXX 0.87 0.84
Cattle....ceeueenn.ns 2.12 ST 0.97
OO 5055 sanmasns s sl 0.73 1.21 0.48

>:(Xi->()2

1/ ————— where Xi is a segment total in table 3.
X2(N-1)

Since a farm is equal to or larger than a tract, a sample of n segments
using the weighted segment gets data for a larger proportion of the population
than the closed segment does. But, after weighting the data, the '"'size'' of the
weighted segment with regard to acres of farmland is the same as the ''size" of
the closed segment. Hence, the part of the variance among segments (sampling
variance) that can be associated with the variation in size of segments appears
to be approximately the same for weighted and closed segments. Moreover, the
weighting of the weighted-segment data has an averaging effect. Therefore,
it is reasonable to expect the sampling variances for the weighted segment to
be generally somewhat less than the sampling variances for the closed segment.
However, costs must be taken into account.
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It is of interest to compare the relative variances among the 30 farms in
the numerical example with the relative variances among segments. The relative
variances among the 30 farms are presented in the last cplum of table 5. For
purposes of comparison, the relative variances among segments need to be

converted to the equivalent of one farm. The open segment has an average of

gg 1.2 farms per segment and for the weighted segment the average number of
farms (unweighted) was %%—= 1.88. To convert the variances in table 4 to the

equivalent of one farm, multiply the open-segment variances by 1.2 and the
weighted-segment variances by 1.88. This gives the results for the open and
weighted segments shown in table 5.

Table 5.--Relative-variance per farm

Relative variance among

: . 5 g Relative
el :segments on a per farm basis : variance
: Open : Weighted . among farms
Farmland...........:  4.26 1.28 3.89
Number of farms....: 1.04 1.58 XXX
Cattle............. : 4.45 ’ 1.82 4.40

BOEN . e eie e apereisis oo : 1.45 0.90 0.90

As expected, owing to within-segment correlation, the variances among
open segments, table 5, are greater than the variances among individual farms.
With reference to the weighted segment, the impact of within-segment correlation
was more than offset by the fact that the weighted segment had the effect of
dividing large farms into smaller units. Therefore, as shown in table 5, the
net result was that (even on a per farm basis) the variance for the weighted
segment was less than the variance among individual farms. This numerical
illustration does not provide a basis for generalization; however, the results
are not contrary to what one might expect.

6. Discussion of the Three Definitions of Area Sampling Units

The magnitude of differences among the three methods of defining area
sampling units depends on local conditions. At one extreme the three methods
could be identical. For example, assume a situation where every farm operator
lives on his farm and where every farm is a small, continuous piece of land. If
none of the farms overlaps segment boundaries, the closed-, open-, and weighted-
segment methods would be identical. But farms vary w1de1y in size and type.
Some farms are composed of more than one tract, and managerial and tenure
arrangements give rise to ambiguity about what constitutes a farm and who is the
operator. It appears that one method is not universally better than another.

When comparing the three methods we need to consider the character of the
population to be sampled, the kind of data to be collected, the applicability
of the concepts on which each method is based, sampling variance, coverage
error, response error, and costs. Much additional experience is needed as a
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basis for practical judgments on the choice of methods. In this publication
it is not feasible to go much beyond a brief discussion of concepts and some
indication of the circumstances where one method would be expected to work

better than another. Documented studies of comparisons of alternative methods
and procedures for applying area sampling are very limited.

6.1 Closed Segment vs Open or Weighted

Since the closed segment is limited to surveys where tracts are suitable
reporting units, a comparison of the closed segment with the open or weighted
must be limited to such surveys.

Initially, at least in the United States, the open-segment method was used.
But, prohlems of coverage error, particularly problems of identifying farms and
of associating farms with segments, led statisticians to search for a better
alternative. The closed segment was tried and it proved, where applicable, to
be far superior to the open segment with regard to sampling variance and coverage
error, particularly if photographs are utilized in ‘the enumeration of segments.
As a result a strong tendency developed to use the closed segment to the fullest
extent. Although coverage error for the closed segment is relatively low,
response error is one factor that limits its applicability. Response error
varies from being nil in the case of crop acreages, to a problem of some magni-
tude in the case of livestock inventories, to being impracticable for character-
i1stics where a farmer is not in position to report for a tract. For example,
it is generally not practical to collect data by tracts on characteristics such
as costs of production or sales of agricultural products. Such data are often
referred to as economic data and are usually associated with a farm as a busi-
ness enterprise and not with a tract.

Hendricks, Searls, and Horvitz have compared the closed, open, and weighted
segments when sampling for crop acreages@.. Their results, as well as many un-
published sampling variances computed by the Statistical Reporting Service, show
that sampling variances are definitely smaller with the closed segment than with
the open segment. The results reported by Hendricks et al. also showed that the
weighted-segment variances range from about the same to moderately lower than
the closed-segment variances. Comparisons might be quite different for other
kinds of data. '

The average field cost per closed segment depends heavily on whether it is
necessary to contact the operators of all tracts in the segments. For some
tracts and kinds of data it might not be necessary to interview the operators
of all tracts. For example, in a survey to collect data on crop acreages it
might not be necessary to contact operators of tracts that are covered by trees.
However, if we assume that the operators of all tracts are to be interviewed,
the closed-segment field cost could be nearly as much as the field cost for the
weighted segment. That statement is based on an assumption that the question-
naire is the same except that in one case it pertains to a tract and in the
other to a farm. For the weighted segment the average interview time would
probably be somewhat longer, although in many cases a farm operator can respond

6/ Hendricks, W.A., Searls, D.T., and Horvitz, D.C. Chapter 11 of "Estimation

of Areas in Agricultural Statistics', Food and Agriculture Organization, Rome,
1965.
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more readily for his farm than for a tract. However, the cost of dividing seg-
ments into tracts and of contacting operators for personal interviews is a sub-
stantial part of the total cost. Perhaps, for some surveys, the difference in
average cost per segment would be as low as 10 percent. Thus there are cir-
cumstances where the closed- and weighted-segment methods appear to be competitive
(or nearly so) in terms of sampling variance per dollar. Therefore, since
coverage and response error tend to be major sources of error, there is a strong
indication that for some surveys the most important criterion in making a choice
between the closed and weighted segment is the question of which method involves
the least coverage and response error.

A similar comparison between the closed and open segment is more difficult
to make because they have less in common. However, at this point in the dis-
cussion, the question seems to resolve into a matter of how theopen- and weighted-
segment methods compare. That is, when the closed segment is not applicable,
which alternative, open or weighted, is better? In practice, there has been a
trend to use of the closed segment to the fullest extent possible and to use the
open segment only when the closed is not applicable; but the weighted segment is
beginning to attract more attention.

As pointed out earlier, the closed segment is not applicable when (1) survey
requirements dictate that farms must be the reporting units or (2) response
errors preclude use of tracts as reporting units. In some surveys it is feasible
to collect only part of the required data by the closed-segment method. There-
fore, to take advantage of the closed segment, a combination of two methods
(either closed and open or closed and weighted) has been used simultaneously in
the same survey and sample of segments. Which combination is better? Since the
answer depends partly on how the open and weighted segments compare, discussion
of this question will be deferred to a later section.

6.2 Open-vs Weighted-Segment Methods

The open- and weighted-segment methods are applicable when farms are used
as the reporting units.

With the open segment, the choice between the farm-operator and the farm
approaches as discussed in 4.3.1 and 4.3.2 is an important consideration. The
"weighted segment entails only the farm approach; that is, the concepts of the
weighted segment and the farm-operator approach are not compatible. Hence, in
the discussion of the open vs weighted segment that follows, the farm approach
is assumed. But first let us review the conditions that are favorable to the
farm-operator approach and the open segment.

You will recall that with the farm-operator approach the objective is to
find, within the boundaries of each sample segment, all residences of farm
operators. The farms corresponding to farm operators who have a residence
(dwelling unit) in a sample segment are in the sample. (Note: Surveys in
which farm households are the appropriate reporting units are not included in
this dicussion.)

The farm-operator approach will have minimal coverage error when (1) simple
rules establishing a one-to-one correspondence between operators and farms can
be formulated and applied with very little ambiguity, (2) every operator has
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only one residence, and (3) most residences within the sample segments are
occupied by farm operators: Under these conditions the task of screening for
farm operators is not a costly factor and tendency to overlook any farm-operator
residences should be minimal., If, in addition, it is possible to design the
sample so there is approximately the same number of farm operators in each seg-
ment, the conditions are generally favorable to the open segment (using the farm-
operator approach) with regard to coverage error and sampling variance.

As pointed out previously, reasons for considering the farm approach as an
alternative to the farm-operator approach are (1) the problems of screening for
farm operators in segments where many nonfarm families live, and (2) the problems
of matching farms and operators. Conceptually, for any given sample of segments
the two approaches give identically the same sample of farms unless there is a
difference in the definition of farm headquarters. There is a wide difference
in procedures for applying the two approaches. In either case, the major
challenge is to achieve complete and accurate identification of all farms with
headquarters in the sample of segments, Omission is usually greater than dupli-
cation. The percentage of incompleteness can vary from perhaps nil to several
percent, depending on survey materials and procedural details and whether such
details are in accord with sound concepts. The experience of the survey organi-
zation and the amount of emphasis on training and supervising interviewers are
also important factors that contribute to achievement of complete and accurate
coverage. There has been much experience with the open-segment method and many
different procedures have been tried. However, better solutions to the problems
of coverage error are needed, which is an important reason for directing more
attention to the weighted-segment method.

The main purpose of the next two sections is to indicate that the weighted-
segment method has much merit and that it should be thoroughly tested as an
alternative that might be much superior to the open segment, at least under some
circumstances.

6.2.1 Sampling variance and costs. To review briefly, the weighted-segment
method requires dividing each sample segment into tracts and interviewing the
operator (or some other appropriate respondent) of each farm that is within, or
partly within, the boundaries of the segment. The data collected pertain to
farms, not tracts. The open segment (farm approach) also requires dividing each
segment into tracts. Farms with headquarters within the sample segments are in
the sample and the operators of such farms are interviewed. Assume that head-
quarters is defined so it is always a unique point within the boundaries of the
farm. Then, for any given sample of segments, farms in the sample using the
open segment are a subset of farms that would be in the sample if the weighted-
segment method was used.

As an aid to discussion, very simple variance and cost models will be help-
ful. Assume a stratified random sample of segments, using a constant sampling
fraction. Ignoring the correction factors for finite population, the variances
of the sample means per segment can be written as follows:

=0
V(xo) = ﬁ;' and
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where V (io) is the variance of 5(0, the sample mean per segment for the open-
segment method,

n, is the number of segments in the open segment sample,

Vb is the variance among open segments within strata, and

V(iw); nw,and Vﬁ are similarly defined for the weighted-segment method. For
cost models assume:

C = Cf o Co
C = Cf o Cw
where C is the ...al cost of the survey (it is the same for both methods),

Cf is the fixed part of the total cost that is not related to the number
of segments in the sample,

CO is the average cost per segment with the open segment, and

Cw is the average cost per segment with the weighted segment.

Assuming the total cost is fixed, the sample sizes n, and n are determined from
the cost models. It can be shown that the variance, V(iw), with the weighted
segment will be less than the variance, V(XO), with the open segment if the
following inequality holds

=
O'(’)
o
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Vv
(0]

=

It appears, in general, that Vw is much less than Vb. As pointed out

previously, there is good reason to believe that the sampling variance for the
weighted segment is about equal to or less than the sampling variance for the
closed segment; and it is well established that, in general, the sampling vari-
ance for the closed segment is (at least for crop acreages) much less than the
sampling variance for the open segment. Incidentally, the results published by
Hendricks et al. showed that for the acreages of seven crops the variance with
the weighted segment averaged about 25 percent less than the variance with the
open segment. For estimates of the difference between two years, using a
matched sample of segments, their analyses showed that the variances with the
weighted segment were less than half of the variances with the open segment.

To look at comparative costs, consider the cost of the weighted segment and
the savings that would occur if the open-segment method were used instead. With
the weighted segment, the first two steps at the end of 4.3.2 would be carried
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out and a questionnaire filled in for every farm listed in step 2 as having
some land within a sample segment.

Next, assume that the field procedures thru step 2 in 4.3.2 are the same
for both the open- and weighted-segment methods. In the United States roughly
one-half of the farms listed in step 2 as having some land within a segment also
have headquarters inside the boundaries of the segment. Such farms are included
in both the open and weighted segments. The costs of acquiring data for the
sample farms with headquarters outside the segment (needed for the weighted
segment) is where most of the difference (increase) in cost occurs.

The need to minimize coverage error requires very careful application of
rules for associating farms with segments, and thus determining which farms are
in the sample. To apply the open-segment procedures effectively, it will prob-
ably be necessary to contact some operators of farms that have headquarters out-
side the segment. This might be needed to resolve any uncertainties about the
land in a farm and the location of the farm headquarters. Suppose fw is the

number of farms in a sample of n segments using the weighted-segment method, and
suppose £ is the number of farms in the same sample of segments using the open-
segment method. Since fo is approximately (1/2)fw, it seems clear that CO must

be considerably larger than (l/Z)Cw,for two reasons: (1) The costs of dividing

a segment into tracts and of identifying all farms in or partly in the sample
segments is common to both methods (this cost is a part of CO and Cw, not Cf),

and (2) some farms in fw that are not in fo would need to be contacted under

careful application of the open segment method. It is not possible to make an
accurate prior judgment of how CO compares with Cw for every survey situation.

However, even if the inequality does not hold, it appears that CO in relation
to Cw is large enough to justify testing and comparing the two methods, partic-
ularly when the need to minimize coverage error is considered.

6.2.2 Coverage error. It is convenient to divide coverage errors into two
categories: (1) Incorrect determinations of the composition of individual farms

and (2) incorrect association of farms with segments in the sample. These two
kinds of error are not independent.

With the weighted segment, correct coverage depends on accurately account-
ing for all land within a segment and not overlooking any farms that are located
partly within the segment. Field procedures, survey materials, and instructions
need to be developed with that in mind. Each interviewer must have full know-
ledge of what a farm is and the ability to determine its location geographically.
Data for the entire farm must be collected for every farm that has any land
within a sample segment.

With the open segment, but not the weighted, an interviewer should know how
to determine a farm's headquarters and its location. The development of specifi-
cations that define headquarters and the training of interviewers so they acquire
a clear understanding of how to handle all situations is difficult and complex.
Avoidance of the problems of defining headquarters and the associated coverage
errors is a major reason why statisticians often look for an alternative to the
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open segment, The weighted segment avoids the problems of identifying and
locating headquarters but that does not necessarily mean that the coverage
errors will be less.

To develop more fully the concepts of how the open and weighted segments
compare, a few different situations could be considered. For example, suppose
there is a small tract within a segment which shows no evidence of any farming
activity on it. Assume this tract by definition is part of a farm and that the
remainder of the farm is outside the segment. Since the tract inside the seg-
ment does not have the appearance of being part of a farm, it could easily be
classified as not part of a farm--particularly by an interviewer who is not
giving full attention to detail or who does not fully understand the survey
concepts as they pertain to his job. However, suppose the tract is misclassi-
fied as not being part of a farm. This would result in an omission under the
weighted-segment method, but the omission would amount to a fraction (proportion
within the segment) of the farm, not the entire farm. With the open segment
this misclassification would incorrectly omit the entire farm only if the head-
quarters of the farm happened to be in the segment. Incidentally, this is a
good case that partly illustrates why the closed segment has low coverage error.
If a tract within a segment has no agricultural activity that should be included
in the survey, it does not matter (with the closed segment) whether the tract
was correctly or incorrectly classified as part of a farm. Consideration of
* how coverage error might occur in various other cases might be a useful exercise,
but there is no substitute for experience and testing alternatives under actual
operating conditions.

Survey statisticians with experience in area sampling have different views
on the potential of the weighted-segment method. The writer happens to be among
those who believe the weighted segment should be fully explored and developed.
It is easy to describe circumstances (perhaps hypothetical) where the open seg-
ment would clearly be preferred, especially if much of the data to be collected
are characteristics of operators' households and other farm people rather than
to farms. However, it was operating problems in the application of the open-
segment method that led to the development of the closed segment. The writer
does not expect the coverage error for the weighted segment to be as low as
for the closed segment, but, as stated earlier, there are characteristics
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