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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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