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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. 7The 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 thé 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



\rea lrame Sampling in Agriculture

Preface

This publication presents an overall view of area frame sampling,
including the construction of area sampling frumes and the selection
of arca 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 he considered. Concepts
and general principles of area sampling, rather than specific appli-
cations, are discussed. Technically sound sampling concepts help form
a solid foundaticn for any sample survey. [f the concepts do not fit,
the statistician should try to find more reuslistic technically sound
concepts. Survey procedures cvolve from conceprts. Thus a full under-
standing of concepts provides a basis for decisions on many practical
operational prohlems which help to assure gocd results. Tenure and
patterns of agricultural production differ widely among countries and
even regions withkin countries. This means that sampling plans must be
tailored to individual situations and survey purposes.  In other words,
be cautious about copving the details of o plan that worked well in one
situation and applving it to another without cuareful study.

In developing an overall view of area =ampling it is necessary to
include many gencral statements. The reader should be aware that some
contradictions and c¢xceptions can usually be tound. Many statements
will reflect goals, recognizing that resources or conditions are oftgn
such that verv 1ittle can be done immediately toward achieving the
ultimate goals. lxypertise in sample design, tamiliarity with local
conditions involved in the application of arca sampling, survey experi-
ence, and the quility and detail of available maps regarding roads,
landmarks, and limd use are important factors in the development and
cffective use of arca sampling.

The intended ulience is students of sampling and persons who
might be considering area sampling as a means of collecting agricultural
data. It has bheen ossumed that most readers w:ll have at least an
elementary knowledye of sampling theory and o experience in agri-
culture. However, interested readers without lormal training in sampling
methods should © n' this description of area =<umpling useful.
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AREA FRAME SAMPLING IN AGRICULTURE

1. Introduction

The concepts of area frame sampling are verv 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 characteristdic of the survey populations and therefore common to
all survey methods, sampling or census. However, survey methods differ consid-
crably 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 threc
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-
pling should compare favorably with alternative sample survey methods that are
feasible. '

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 famm
(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 1list) 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 Te-

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



N

M=z Mi reporting units, where N is the total mumbrr 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 examplic, the equivalent of area
sampling has been used for a long time in taking censuses--perhaps since the
first censuses were taken. FEnumeration districts arec defined and one or more
field investigators enumerate each district. The 1 st 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 framc. rather than a sample
selected from the frame.

A segment is a piece of land with boundaries Jclincated 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 'iarea 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 picc> 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 ccsts. Unless otherwise specified,
"sampling efficiency’” will refer to comparison of altcrnatives 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 umits associated with a segrent. In other words, area
sampling is a form of cluster sampling and the theorv of cluster sampling
applies.

A survey population is the population actually sampled (or completely
enumerated). It is defined by the sampling frame :nd 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 smull.

In theory, estimates (statistical inference) from the sample pertain to
the survey population, not the target population. [or 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

[



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 cffect,' 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 areca 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 larly Development of Arca 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 samplc that would permit accurate measurement of year-
to-year changes. MCD's and TID's were recognized units that had been defined on
maps. Unpublished data about each MCD from previous censuses werc 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 neighhoring 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 Z-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 1s, sample data in a sample of 2,500
farms, for example, would come from only 25 locations if ecach area sampling unit
contains 100 farms; but, if cach 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. [dwards, "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 =ampling units, occurred in
Towa.2/ Two surveys, one at the end of 1938 and +h other at the end of 1939,
were conducted, using quirter sections as area sampling units. (Quarter sections
are approximately squire, 1/2 mile on a side, and contain approximately 160
acres.) At that time, the average number of turms por quarter section was about
0.9. The sample for cach survey represented the ontire State and was a widely
dispersed, geographically stratified random sample of about 900 guarter sections,
The sampling fraction wias less than 1/2 of 1 percent.

Considering the smali size of the sample, the . arvey 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 vear by the
State of Towa, and the Federal census of agriculture that related to 1939.
Three things, (1)} the intormation obtained about :rindom sampling error, (2)
the experience in the ti-ld regarding sources of ¢:ror that were not relgted
to sampling, and (3) comparisons of the sample costimiates with other sources
of information, stronciv suggested at that time that much attention must be

directed in the future to minimizing crror from sources other than sampling.

From this and other ecxperiences with probability sumpling, a new perspective
of the total error in estimates from surveys s=tarted to develop.

One outgrowth of This test of area sampliryg wis the development, by 1945,
of an area sampling frame for all States.3/

2. Some Key Features of Arca Sumpling
2.1 Versatility

Possible uses of arca sampling are unlimited. [nhe 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 anv
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 tor information have been ti!lod where area sampling was
the only means availahle tor selecting a probahility sample.

2.2 Coverage

Conceptually, an arca sampling frame is alwayve current and complete with
regard to any definition of a reporting unit. For cxample, an area sample of
farms is a sample of farms as they are defined and cxist 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 Ht a Sample Survey for
Obtaining Farm Facts,” lowa State University, Rescarc-h Bulletin 304, June 1942,
Ames, Towa.

3/ King, A.J. and Jesser, R.J., "™™Master Sannle of ‘griculture," Journal of
the American Statistical ~ssociation, Volume 40:3& 1o, 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 v 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 cxpects 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

ot farms in the sample in relation to the population total will not be gu
Therefore, g-Zx will not be an unbiased estimate of the population total.

2.3 Updating

An arca frame does not become out-of-date in terms of covdrage of a popula-
tion, unless the population extends into areas not covered by the frame. Changes
in land usc, 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 {ruit farm, etc., or perhaps whether some specified commodities are
produced on the farm), and (2) size (preferably a relevant measure of size
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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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Table 1.--Relative variance of townships as sampling units compared with individual famms =

: . Relative : Relative ‘Variance among townships
Percentage of ~Average number of- . : R relative to variance
: i : T s : variance : rariance . -
Ttem farms farms reporting - } among farms 6/
: . - 5 : .- amony all : among farms : =
reporting 2/ per township 3/ Farme 1/ L Teporting 5/ T T T e
: S ; P & Method 1 Method 2

S S 6 E Y 6 ¥ RS N B STTTtey T T

e langd a2 ! o -3 R .
dtalta.. oL A e - I KRN 1Y
3 4 T ST At ~U33 .S L6 3.2
Pasture... ... ... .. : 61.4 42.7 3.04 1. 10,2 29.5
Milk cows. ... ... 58.7 40,8 1.54 0.3 15.6 10.9
Beef cattle.......: 26.4 18.1 lo.1 3.50 a.0 T2
Hav for silage....: 15.9 11.1 15.2 1.25 8.1 1.9
Cattle marketed...: -5 5.2 163.% 11.36 3. 3.5
Sovbeans.......... : 1.1 2.8 R 1.09 9.5 R
Peas. ..ot 3.1 2.2 154.2 3.2% 5.0 l.6
Sheep. ..ot 2" 1.9 1382 2.76 2.1 1.4
Spring wheat. ... .. : 1.2 8 I8 8 1,71 4.1 il
fotat n.- R e 1.7h 3.0 0
S z ) Too ] 2LdAn B0
Pie ranle was Zoooood fronan anpad D b ed amaivais o of 17T Jata Yrer] the State farm Census o an A 1sconsin.
.. .o . . - - L. . e BN Sth -
-/ FPercentage ot farms tor which \j=w, where \i is the value of characteristic X for i farm.
3/ Numher of farms in the State for which N -0, divided bv the total number of townships in the State.
1 . !
b .
LN, X2
1/ The relative variance among all farms is —-——-, where I 18 the total number of farms 1in the State.
(F-1)
5/

6/

Relative variance among farms reporting 1= the relative variance of X among the {uarms veporting the item:
1s, farms for which Xi = 0 are not inc t

luded in the calculation of X or in the sum of squares IUX.-X1-.
1

See text.
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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. Colums (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:

t
IX.
1

-

x =
1

o+~

where T is the number of townships in the State, t is the number of townships
in the sample, and Xy is the total of characteristic X for the ith township in

the sample. The second estimator is a ratio estimator:

t
in
X2=F“€—
if,
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:

X = F gx
3 £
where f is the number of farms in the sample and Xj is the value of character-
istic X for the jth farm in the samle.
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)
1s the variance of x” divided by the variance of x;, assuming £ = 69.5t. Simi-

1
larly, colum (7) is the variance of x” divided by the variance of x~.
2 3

The first entry in column (6), for example, means that for alfalfa the
sampling variance for townships using the first estimator, X;, 1s 53.7 times

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, cqual
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 o sample of approximately
77 townships to get a samnle of 5,370 farms. The difterence is much less for
other characteristics.

Notice that the saspling variance for townships relative to the sampling
variance for individual {amms is related to the propertion of farms reporting
the commodity (compare <columns (6) and (7) with colwmn (2)). For some commod-
ities there is an averayc of less than one farm reporting per township. (See
colum (3)). If size of township is measured by numbter 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 colums of tuble 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 nced 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 sec footnote 4/, table 1.) Colum
(5), as explained in the ootnote, shows the relative variance when all values
of Xi = 0 are eliminated f{rom the variance calculations, It is the relative

variance among farms reyorting the item. There i= tittle or no relation hetween
the variances in colum [0 and the percentage roport ng, column (2).

The relation betwecen the relative variance of a1l values of X including
zeros and proportion reporting has been shown in sanpling theory 4/, In fact,
the relation between columns (4) and {5) is as follows:

V2+(1-P)
V2 = .2 (1)
Y P

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

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 sclected and that x  is the
3
estimator of the population total. The relative variance of x~ is
3
VZ o V2+(1-P)
L S T
f

4/ Hansen, Hurwitz and Madow, "Sample Survey Mcthods and Theory," Vol. 1,
p. 122, John Wiley § Sons, 1953.
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assuming that the correction for finite population, (Efgb, is small enough to be
ignored. We have noted that V? varies by a relatively small amount from one
5

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.
3

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

N ’
and Vi is the relative variance of Xi among the N~ segments for which X is

Xi is the total of X for the ith segment in the pnopulation. Then P = ;

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

V2+(1-P)
X., 1s ’

1 nP

Sz

n
z

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,
informati6én 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. Put available information “or defining segments is
usually very limited. Therefore, the degree of recal ization of the objective of
segments of equal "sizc' is limited by the naturc of any relevant information
that might exist.

3.4 Optimum Size of Scgnent

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 is defined for the survey. Optimum size is difficult
to define and' determinc in ‘practice, especially when cstimates are calculated
for many characteristics aad for several domains as well as for the whole pop-
ulation. A differcence ot one or two reporting units in the average size of
segments might be difticult 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, trv to specify a segment
size that is in the vicinity of optimum, unless topoyraphic 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, 1is less than the practical minimum dictated by problems asso;iated
with segment boundaries and limitations of topographic detail on mapsé_.

Optimum size of scgment, as discussed in the preceding paragraph, referred
to sampling variance, not to mean square error, which is a cembination of
sampling variance and hias. This brings us to matters of bias associated with
segment boundaries. The ratio of the perimeter of a4 segment to its area is a
function of its size anl shape. The ratio is greater for small segments than
large ones, hence one cxpects the impact of any biascs associated with ambiguity
about segment boundaries to be relatively greater for small segments. Also, as
the size of segment decreases, topographic features cuitable 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

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 arca 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.

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 scgment"” (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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G Legend
r == Segment boundary
Tract boundary

Farm operator's
residence

Figure 1. -Division of a segment into tracts

Description of figure 1:

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

Tract B ts a farm but the operator Jdoes not live on his farm or
inside the segment.

Tract C 1s a nonfarm tract. That is, no agricultural operations
are performed within it. However, on¢ 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 living 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.

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 seoment.

Tracts E anc 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 [

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.

Tract Farm Description
A 1
B 2
C 3
D 4
E 5
F 6
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 tract#
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.

4.5 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

15



1

do this, a unique refercace point, called "headquart vs)" 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 furm’s Teing in the sammle is clear.
It is the same as the probability of selecting the = trent in which 'its head-
quarters is located.

There have been two veneral approaches to identitving and delimiting a
farm: The farm-operator apnroach, 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. Bach residence (dwelling unit) within a sample
segment should be visited und appropriate questions a-ked to determine whether
anyone living in the resideace is a farm operator. \ 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, furi= numbered 1, 3, 4, and

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 necded because it is possible fer rore 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 appro:cl the farm could ecasily he counted twice (or have a
double chance of being in the sample) unless some ri:les that define one of the
two brothers as the operator are strictly applied. ©or example, with reference
to figure 1, two brothers cperate farm number 3. (me of the brothers lives
outside the segment and onc lives on tract C within the segment. By definition,
the brother living in tract € is the farm operator. Therefore, farm number 3
1s "in" the segment in the tigure rather than "in" tho segment where the other
brother lives.

Because there are many cases where more than onc person or household might
be involved in the operuticn of a farm, a short que-tionnaire should be devel-
oped for use at each dwelling unit within a secgment. The questions must be
carcfully worded and desivred to ascertain whether anvone living in the dwelling
unit is a farm operator in accordance with the presciribed definition of a farm
and of a farm operator that establishes a one-tco-one vorrespondence between
farms and farm operator:.

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

(1) Let the interviewers visit dwelling units nore 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 scgments
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

interviewers follow a three-step process with the aid of a specially designed
form:

Step 1--Account for all land in each sample segment by dividing
each segment into tracts and describing each tract as
11lustrated 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 question: that will
clearly establish the boundaries, area, and identity of
each farm unigiely.

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

4.3.3 Problems with cstablishing a definition ol farm headquarters. Oper-

ational specifications of u headquarters must be formulated so each farm has one
and only one point called a headquarters. Exanples of headquarter locitions
that might be considered ar. the farm operator's dwelling, the northeast corner
of the farm, the place where farm records are kept, the place where farm machin-
cry is kept, and the main eatrance 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 scgment boundary are guite distinctive, but the degree of
success using the operator's dwelling as the headquarters depends, among other
things, on obtaining of '+ »e-to-one correspondence Hetween 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 uniguaeness in operational specifications of a headquarters
is a key problem with the ooen-segment method.

Under the opecrator approach (scection 4.3.1), the tfarm operator's residence
is the logical point to cline as the farm headquarters. As indicated in the
preceding paragraph the najor 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 rmles will fully specitfy a particular person as the
unique farm operator, thon the operator approach (and use of the operator's
residence as the farm headignarters) could be the best survey technique. However,
if matters of tenure or inrm organization are complex. or i1f a large amount of
screening is required to ilentify farm operators in :lensely populated areas,
some other technique micht Ho more effective.

With the farm approach {section 4.3.2), the operator's residence could
also be defined as the rm headquarters.  In this casc, the questions asked
in step 3 would be for the nurpose of determining, uniauely, the farm operator.
Then the location of eacli voerator's residence would be ascertained to determine
whether the farm is ""in"" the segment. [lowever, operational procedure must be
developed and tested in Jdetail.

Farm number 3 in ficure 1 nrovides an example of the kind of detail that
must be considered in the nrocess of formulating spec fications and instructions
for interviewers to follow. Suppose the farm approach is used and that farm
headquarters is defined s the operator's residence. According to the specifi-
cations, farm number 3 i "in"” the segment shown in figure 1 because the head-
quarters (place where the ooerator lives) is in this -<cgment. 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  was described as a nonfarm tract. If only farm

A

tracts are included on the listing called for hy step O (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 lan. 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 alterrative solution requires formulating rules that cnable 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. Vor farms
with nonresident operators, some point other than the opcrator'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-
1llustration of criteria that might be used in an opetational definition:

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

(2) If 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) 1f 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) 1If 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 buildings on the farm, the "main entrance'
to the farm is the headquarters.

(6) 1If no point can he identified as the main entrance the
corner of the tarm farthest west and farthest north (in
that order) is the headquarters.
As an alternative onc ~-ould combine parts (2), (&), and (4) and parts (5)
and (6) as follows:

I{ the operator docs not live on his farm and there is one or more build-
ings on his farm, the most valuable building is the hcadquarters,

If there are no huildings 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 1llus-
trate application of the above definition, However, it gives some indication
of how complex the definition could be. One shonld look for a simple definition
that is ecasyv to apply and is as free from error as possible.

In practice, any detfinition 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? Iortunately, for most farms
the answers to such questions are quite clear, bhut there are many cases where
ambiguity gives rise to coverage errors. Much expericnce is required to develop
complete, well-adapted definitions and instructions and to develop training pro-
grams and procedures for supervising fieldwork that Jead to results of high
quality. It is the deta:l necessary for dealing with all of the numerous situ-
ations that is onerous. 1o not overlook the need for balance. For example,
one can focus so much attention on completeness of instructiorns that emphasis
on the most important points is lost.

A4.3.4 Some general obscrvations. General survey experience with the open
segment reveals a strong tendency toward undercoverage. For example, assume a
S5-percent area sample. ‘The number of farms identificd and surveyed by inter-
viewers as being in the sumrle tends to be less than 5 percent. Even with
experience and much emphusis on getting all farms correctly defined and associ-
ated with segments, it is difficult to reduce coverdgc error to a level that is
negligible. Incidentally, coverage error varies from one characteristic to
another in the same survev. Tor example, there are many small farming opera-
tions that present problems of ambiguitv 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 nunher 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 arc 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.17). 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.

(i1) 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 anparent 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
sumed 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 scgment.  Suppose Aj is the

amount of farm land in the jth farm in the populaticn where j = 1,..., F and F

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

the jth farm that is within the ith segment of the ypopulation where 1 = 1,...,N.
AL
Then Pij = Kil-is the proportion of the jth farm that 1s in the ith segment. If
"
all of the jth farm is in the ith segment, Pij = 1. If none of the jth farm is
within the ith segment, Pii = 0. Also,
N A N
tb..=35 A =1, and zz P, - P
. 1] .OAL ST 1]
i i°] ji -

Remember, pij is a propcrtion, not a probability.

Suppose Xj is the valuc of some characteristic X for the jth farm. Then,
18
£X. is the total of X fcr the population. The totul -»f X for the ith segment 1s

defined as
}3

X. = 1§ P.. X,
Loy 4 (2)

Excluding the possibility of reporting errors, Xi is 4 unique value for the ith

segment. When summed over all segments of the population, the values of Xi add

to the population total. Thus

N NF EN
P X. =z P.. X. =1z P.. X
1 - 1] ;- L] I
i ij - ji
Observe that
N N
¢ I'.. X. = X. because ¢ P.. = °
1] J ] - 1]
i i
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 ith segment. ‘'"\ssociated with' refers to all farms that are entirely

in or partly in the segment. Let Xik be the value of % for the kth farm in the

.th h th
i

segment, and pik be the proportion of the KN farm that is within the i

S8
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segment. Then, Xi can be written as follows:

f.
1

7T P Nk (3)
It seemed somewhat easier to use equation (2) than equation (3) to show that the
Xi’s added to the correct ponulation total.

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 X1y 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 Ai

A.
and Ak SO piy = Kik can be calculated, where Pix is the proportion of the Kt
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:

k
h

Estimator of the population total of X:

- N
X = =1II p., X,
n . Cik Tik (4)

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

" N nfi
Fon Il Py ®)

Estimator of the average value of X per farm:

X IIpgy Xy ©)
F ZZpik
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. f.
i _ o1 . . .
Let Xi = i pik Xik and P; i pik' Then, assuming simple random sampling,

formulas for estimating the variance of the estimates may be written as follows:
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Z(xi-\)
vy - N(N-n) i
var(X) = B (h (7)
n
Z(pi pl?
ety - N(N-n) 1
var(F) = - -~ (8)
X Xag g S
var(:) = ()¢ [var(X)+var(F)-2coviX,F)] (9)
F F
where n n
Xy LDy
- i - i
X = e, P
n n
and n
Z(iji)(pi—ﬁ)
cov(NF) = NONem) 1 T
cov(X,F) = ) =

Even though a part of tho same farm might be found in more than one segment in

the sample, the above formulas apply; that is, a weighted part, p.,x.,, of the
N : o . . LT 1k™ik

farm is included in each seczment in which it i1s found.

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

for each segment in the sample. TIf the segments varv considerably in size and
Xi is correlated with Yi’ a4 ratio estimator of the total of X might have a lower

variance. The estimator, X , would be
1

R N {
X = (zY.)=
N -
where ZYi is the total 1ind area of all N segments, X is given by equation (4),
i
n
v = N
and Y = o § Y3

The estimated variance of \ 1s
!

~

var(Xl) = Y2(§)2 [var(%)+var(?)—2 cov(k,%)]
Y



N
where Y = ; Y
i

n —

$(x.-X)2
~ T_ g
var(X) = N(i n) i T
n —_
L(y;-)?
var(Y) = N(E-n) = P
and n

2(x;-) (¥ V)
e N(N-n) i
cov(X,Y) = - .

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..

. . . . . . 1
Otherwise, there is a bias in the expansion of the sample. To illustrate,
suppose that the total land area used in equation (10) to expand the ratio,

(;J, comes from a geodetic survey of the whole area. The total land area deter-

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 Yi' The two impor-
- N
tant things are that the expected value of Y be close to ;Yi and that Yi be

i . i
related to Xi in a way that will reduce sampling variance. (See ratio estima-
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:

f.
~ n 1
X =1IR. I p,,X.q (11)
i1y ik"ik
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and ¢

. n 1
F = ;Ri L Pik (12)
i k

where Ri 1s the reciprocul of the probability which the ith segment had of being

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

1.4.5 Domain estimaticn. 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 furms such as livestock farms or farms with more than 500

acres of farmland. The cstiwation and variance formul:i- in section 4.4.2 are

still applicable if we mabe’ the following modification.  Simply let Xip X1 and

P = p.. if a farm belones to the domain and let x., = 0 and n., = 0 if the famm
ik ik ik ik

does not belong to the donain.  Substitute X;k Aand pi} for Xy and Pix 1n equa-

tion (4), (5), and (6). Ilquation (4) is then an estimui-or of the total for the

domain, equation (5) provides an estimate of the number of farms in the domain,

and cquation (6) gives an cstimate of the average per farm in the domain. The
f

: f.
. 1 . . . | - . .
use of X7 = x” pi xI oand p” = 7 ploinstead of x. and p. in equations (7), (8),
i : ik ik 1 ) 1k i 1 :
k k
and {91 pnrovides estimates of the sampling variances of the domain estimates.

5. Numerical [1lustration

To illustrate and compare the threc methods of aprlyving area sampling, a
small hypothetical population composed of 25 segments, 17 tratts, and 30 farms
was formulated. Most of the data for this illustration were copied from a
listing of tract and farm Jdata from an area sample in an area where cattle-
feeding farms were concentrated. A disproportionately luarge number of farms
with-cattle and corn were selected for this illustration.

Table 2 shows farm and tract data by segments. 1In the first colum, the
nunber to the left of the decimal identifies the segment, and the number on the
right side of the decimal identifies tracts within $cgments (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 s:gnifies 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 sepment, 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.



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

Segment f Tract Trgct data . _

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 data -

number | number Farmland @ Cattle '@  Corn

5 - -— - - -

7 10 120 0 116

19 24 160 28 0

19 25 300 201 118

Weighted Segment
Segment f Farm |  Farmland Fgrm data _

number  number | 1in segment . Farmland | Cattle  Corn
5 - - - - - - -
7 2 630 1,260 246 203
7 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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Table 2.--Tract and farm data by segments

Tract data

TSegient - farm data

and

tracf Farmland : Cattle Corn lﬂm‘ Farmland Cattle Corn Other tracts in famm : Propox."mon of

number @ "T U n T o T s number o T T s T s T T : farm in tract
N 2 (3 (4« 703 (6] (™) ) o m
1.1 : 160 37 63 - 1% 160 37 64 None 1.000
2.1 150 246 13 2% 1,260 216 203 3.3,7.1,9.1 .119
2.2 312 26 122 3% 576 26 262 3.1 .542
2.3 18 6 0 1% 18 t 0 None 1.000
3.1 264 0 140 3 5760 20 262 2.2 .458
202 Nh 21 a2 5 Aon o1 an (.0 .20
L R ‘ 1hn J ST Jis S A Load
4. A " It HF oo oz 1o oLl .00l
1.0 : an 4 oo o 0o a 0 None 1.000

5. no farm tracts in segment no. §

6.1 160 23 43 g 160 23 13 None 1.000
6.2 320 6~ 58 5% 400 ul an 3.2 .800
6,3 il 0 0o 0% 1 N 0 None 1.000
! 630 0 N 2 1,260 246 203 2.1,3.5,8.1 .500
T 120 0 116 10%* 120 0 116 None 1.000
8.1 159 2 25 11 320 82 25 14,2 497
8.2 236 82 1o 12% 236 w2 101 None 1.000
i 1en X oot 2 1,260 236 203 2O, L1227
z 163 15 " i L 11 1ns
5 S D o ELUUSATS S U EOR
1.1 : R ReLK Jen 3 100 T 320 O3, 111,121,130 143
11.1 1,275 137 160 15% 1,400 T 320 9,3,10.1,12.1,13.1 .290
12.1 1,800 {1 0 13 1,400 T 320 9,3,10.1,11.1,13.1 .409
13.1 615 il N 15 3,400 T 320 0.3,10.1,11.1,12.1 L1130
15.2 140 26 30 0 14% 140 26 30 None 1.000
14.1 55 T 11 15% 55 B 11 None 1.000
14.2 161 55 n o 11% 320 82 25 8.1 .503
14.3 : 160 n 120 ¢ 16% 160 0 120 None 1.000
ooy 8 6 160 17 1en 2556 15,1 .538

Continued...
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Table 2.--Tract and farm data by segments--Continued

Segment f Tract data : Farm data
and R o .
tract f Farmland | Cattle ' Corn Farm . Farmland | Cattle | Corn | Other tracts in farm f Propo?tlon of
___meber44;‘7 o : : number : : : : ¢ farm in tract
OO E ) (3) @ (5 (6) (7) ®) € (10)
15.1 - 74 19 0« 17* 160 25 56 14.4 162
16. f f no farm tracts in segment no. 16
17.1 360 100 170 : 18 366 100 170 18.1 .984
17.2 2 2 0 : 10% 2 2 0 None 1.000
17.3 81 0 23 . 20% 81 0 23 None 1.000
7.4 74 0 0: 21* 74 0 0 None 1.000
17.5 320 145 120 @ 22% 320 145 120 None 1.000
18.1 6 0 0 18% 366 100 170 17.1 .016
18.2 480 0 116 ©  23* 640 n 116 19.1 .750
19.1 160 0 0: 23 640 0 116 18.2 .250
19.2 160 28 0: 24% 160 2 0 None 1.000
19.3 80 201 19 :  25*% 300 201 118 20.1 .267
20.1 220 0 99 * 25 300 201 118 19.3 .733
21.1 320 0 0 : 26% 320 0 0 None 1.000
22.1 160 19 86 - 27 360 63 186 23.1,24.2 .445
22.2 120 0 60 = 28* 120 0 60 None 1.000
23.1 80 44 0 27% 360 63 186 22.1,24.2 .222
24.1 280 46 80 °  20% 280 46 80 None 1.000
24.2 120 0 100 © 27 360 63 186 22.1,23.1 .333
25.1 400 0 160 @ 30% 400 0 160 .  None 1.000
Total  : 12,082 2,106 2,645 : 30.000

*There is one asterisk for each farm number that indicates the tract in which the farm headquarters is located.



Likewise, with the open -cenent, since each ol the 0 famms is associated with
one and only one segment. the open-scegment total- st wdd to the correct
population totals. It :- loss obvious, but the we o tod segment totals (after
the Jata are "weighted') rust also add to the correcs rotals, Consider segment
no. 19, Three farms, 235, 21, and 25, are within or portly within the segment.
The proportions of these trms that are within the seorment are:

Frarm Sroportion
1yl

o5 SNl
fr ;”
1o

21 1L 000

YO !

. Nt -

b o bl n

20 300 Y

These proportions arc vilues of pik that appear ‘1 o ation (3) and In the esti-

mators, cquations (4), 31, and (6), for the weighto! <egment method.  The last
column of table 2 contaiis ~he values of pik' Not 1o that the values of Pik add

to 1 for cach farm. Usine seument 19 as an example, the weighted-segment totals
are:

Cattle (L2500 (0) + (1.000) (28) + (207 (201) = 81.7
Corn (L2507 (116)+ 1,000 (D) + (207 118} = 60.5
Farmland (.250 (6d0) + (1.000) (160} +  .267) (300) = 100

Number of farms (L2500 + (1.000) + (.267) = 1.5.7

These totals and corresponding weighted-segment totals for all other seg-
ments are recorded in table 3. Segment totals for the closed- and open-segment
methods are also shown. MNotice that the weighted-seement totals for farmland
(100 for segment no. 191 wre the same as the clo-od ~coment totals.  lHence,
the weighted-segment total tor farmland are not <howr in table 3.

5.1 ngaigﬁﬁstimgtiqpﬁgnﬂrthp¥yﬁi§hzgg Segment

Some analysts have .oty ht reassurance regarding the applicability of the
weighted segment for anajvtical studies. Since the vaiue of X for a farm is
multiplied by the proportic: of the farm that is in the segment, it might scem,
at first, that one is dealiry with fractions of fur- »ather than whole farms.
But that is not actually thc¢ case. The situation is = milar to weighting sample
data when several sampling rates arc involved. 'This point was considered
hriefly in section 4.4.5. The technique that was outlined is commonly used by
statisticians as a short. .cneral means of specifyvine o procedure for making
cestimates by domains as well as for the whole population.

To illustrate, supposc (o< numbered 2, 7, 12, 17, .nl 22 compose a domain and
that one wishes to make vs=timates for this domain. !rom table 2 the totals and
averages for the 5 farms i1 this domain cun be ohtaine i The results are:

i
-



Table 3.--Segment totals--closed, open, and weighted

T¢

Farmland Number of farms Cattle Corn

Segment o o o o ] T

number Closed Open Open Weighted | C(losed |  Open Weighted Closed Open Weighted

o Mm@ 3 NGO ¢ (6) G : (8) (9 10y
1 160 160 . 1 1.000 . 37 37 37.0 . 64 64 64.0
2 480 1,854 . 3 1.661 . 278 278 49.4 . 165 465 166.2
3 664 N 0 012 24 0 92.6 332 0 189.5
4 327 490 2 1.592 93 a3 55,1 114 159 94.1
5 0 0 0 0o 0 0 0o 0 0 0
6 184 564 3 2.800 90 114 95.8 | 101 133 115.0
7 750 120 ° 1 1.500 0 0 123.0 . 116 116 217.5
8 395 236 1 1.497 109 82 122.7 129 104 116.4
9 403 0 0 553 0 0 83.2 45 0 96.4
10 630 0" 0 143 340 0 111.1 160 0 45.8
11 ©1,275 4,400 © 1 200 437 777 225.3 160 320 92.8
12 T 1,800 0 0 L409 0 0 317.8 0 0 130.0
13 : 755 140 1 1.140 26 26 134.8 39 39 83.8
14 : 462 535 3 3.041 68 89 61.7 147 156 173.7
15 X 74 160 1 462 19 2 11.5 40 56 25.9
16 : 0 070 0 0 0 0 0 0 0
17 : 837 477 4 1.084 247 147 245.4 313 143 310.3
18 : 186 1,006 | 2 766 0 100 1.6 116 286 89.7
19 : 100 460 2 1.517 229 229 81.7 19 118 60.5
20 : 220 0 : 0 733 0 0 147.3 99 0 86.5
21 : 320 320 1 1.000 0 0 0 0 0 0
22 : 280 120 ° 1 1.445 19 0 28.0 146 60 142.8
23 : 30 360 | 1 222 14 63 14.0 0 186 41.3
2 : 100 280 1 1.333 16 46 67.0 180 80 141.9
25 : 200 400 1 1.000 0 0 0 160 160 160.0

Total D12,082 12,082+ 30 30,000 2,106 2,106 2,106.0 2,645 2,645 2,645.0




Item Total \vorugq

Farmland 2,006 113.2
Cattle 198 99.6
Corn 435 9.0

A reader may verifyv that the estimators, cquations {1{:, (5), and (6), and the
procedure outlined in =cotion d.4.5 are appropriate f-r estimating these totals
and averages. Treat the 5 seaments as a sample.  That is, make the calculations
as though the 25 scument= wore a sample from a lLarpe: population. Taking the 25
segments as a sample, el prinates random sampling orver and the results should
agree exactly with the 1heve totals and averages for the 5 farms.

5.2 Sampling Variance

Since the sampling voaciance is a function o:! variation among segment totals,
it is important to studv tisle 3 and its derivation freom table 2. Examine the
viriation among segmnent : wih regard to the three methods.  For crop and other
items that are limited v mwunt of land, the closced--cgment method imposes a
maximun on the segment tot i, Obviously, the acrcuge under corn, for example,
cannot be greater than 9 amount of farmland within the segment. But with
the open segment, the ma<inm amount of corn that coild be "in" a segment can
he at least as much as the amount for the farm in the population that is grow-
ing the largest amount o ~orn.

Observe, in tahle 5, rhe variation among segments in the amount of farmland
and compare the open and closed segments. For characteristics that are highly
correlated with amount o {:armland, the closed secgment 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 ot Jdelineating scegments.

One might oxpect the difterences in variances between open and closed scegments
to be lesxs for livestock than for crops, because the nmumber of livestock is
limited to a lesser decree Iy the amount of land in o soument.

For characteristics correlated with amount of rrrland the weightod-seg
ment method, like the ¢l =ed segment, imposes <some ontrol on the maximm values
of totals for scoments. Tor example, the acreage of corn for a segment after
the data are weighted ciunct exceed the amount of farmiand in the segment. That
is, with reference to catation (3), if X is the acroage in any given crop, the
weighted-segment total, . cinnot exceed the land arca of the segment. Remember,

the sampling variance to: the weighted segment invelve. variance among the Xi'

As another example f ‘w the weighted and onen segments differ with regard
to sampling variance, reter to table 2 and farm ne. 15, Parts of this farm are
in five segments. Tt has 1,100 acres of farmland and 77 cattle. The open-
segment method assigns ail 777 cattle, regardless of vhere they are located,
to segment number 11, Thi= »ne farm has a major impact on the sampling variance
for the open segment. Th- woighted- segment method rodnces, in this case, the
sampling variance by "dividiag” the farm into parts. Hesardless of where the



cattle are located, the weighting involved in the weighted-segment method has
the effect of distributing the 777 cattle among the five segments as follows:

Segment Cattle
9 14
10 111
11 225
12 318
13 109
TOTAL 777

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 3.55 0.68
Number of farms...: XXX 0.87 0.84
Cattle............: 2.12 3.71 0.97
Corm......oovvon.t 0.73 1.21 0.48

z(Xi-X)2

1/ ————— where X; 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 thc 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 *o -ompare the relative vort = amonyg the 30 famms in
the numerical example wi*h the relative variances amens segments.  The relative
variances among the 30 Do o are presented in the Ta - colum ot table 5. Tor
purposes of comparison, “h relative variances anwn. canents need to be
converted to the equivalens of one farm. The open scvment has an average of
30

- = 1.2 farms per segment - for the weighted ~opment the average number of
.l -

- . : T i

farms (unweighted) was . 1.88. To convert the varitances in table 4 to the

cquivalent of one farm, it iply the open-segment var nces by 1.2 and the
welghted-segment varianco- v 1.88.  This gives the o salts for the open and
welchted segments shown 1 table 5.

Table .. - Relative-variance per tiarm

Reiative variance among .-
: Relative

Item ssegments on a per farm basis -
) Sl S variance
Jpen : Weighted : among farms
Farmland...........: 1,26 1.28 3.89
Number of farms....: N 1.58 XXX
Cattle.............: 145 1.82 4.40
Corm..... oo 1.45 0.90 0.90

As expected, owing to within-segment corrclation. the variances among
open segments, table 5, arc 2reater than the variances among individual farms.
With reference to the wecicht»d segment, the impact of within-segment correlation
was more than offset by the fact that the weighted somrent had the effect of
dividing large farms into smiller units. Therefore, = shown in table 5, the
net result was that (even on 1 per farm basis) the variance fob the weighted
segment was less than the variance among individual {ows.  This numerical
illustration does not provi b» a basis for generalization; however, the results
are not contrary to what »n~ mlight expect.

6. Discussion of the Three Definitions of Arca sampling Units

The magnitude of di!fferences among the three methoids of defining area
sampling units depends on local conditions. At onc cxtreme the three methods
could be identical. For exanple, assume a situation where every farm operator
lives on his farm and where cvery farm is a small, continuous piece of land. If
none of the farms overlars segment boundaries, the closed-, open-, and weighted-
segment methods would be identical. But farms vary widely in size and type.
Some farms are composcd o nore than one tract, and minagerial and tenure
arrangements give rise to anbiguity about what constitutes a farm and who is the
operator. It appears thar one method is not universallv better than another.

When comparing the threce methods we need to cons:der the character of the
population to be sampled, the kind of data to be collected, the applicability
of the concepts on which cach method is based, sampling variance, coverage
error, response crror, and < sts., Much additional exrerience 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 verv 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, problems of coverage error, particularly problems of identifying farms and
of associating farms with segments, led statisticians to search for a hetter
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-
istics 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 acreagesﬁ,. 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 timc 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 ttan for a tract. Howeve:, the cost of dividing seg-

ments into tracts and of cortacting operators for o -onal interviews is a sub-
stantial part of the tot: 1 cost. Perhaps, for some  rveys, the difference in
average cost per segment would be as Tow as 10 percert. Thus  there are cir-
cunmstances where the cloxd and weighted-segment mettols appedr to be conpetitive
(or nearly so) in terms « © cumpling varviance per Jdoll . Therefore, since
coverage and responsc crrcr tend to be major sources ol errar, there is a strong
indication that for some -tavevs the most important «riterion in making a choice
between the closed and we ivhted segment is the que~ti w1 of which method involves

the least coverage and r:-jense error.

A similar compariscr botween the closed and oper ooment 1s more difficult
to make because thev have less in common. However, @t this point in the dis-
cussion, the question scos to resolve into a matter 0 how theopen- and weighted-

segment methods compare. That is, when the closed =coment is not applicable,
which alternative, onen ¢r weighted, is better? In practice, there has been a
trend to use of the closcd segment to the fullest c¢xtert possible and to use the
open segment only when tho Closed is not applicable: ot the weighted segment is
beginning to attract more attention.

As pointed out carlicr, the closed segment i< net applicable when (1) survey
requirements dictate that farms must be the reporting nits or (2) response
errors preclude use of tracts as reporting units. I come surveys it is feasible
to collect only part of the required data by the oloso ! wcoment method. There-
fore, to take advantage of the closed segment, a conbination of two methods
(cither closed and open or closed and weighted) has Feon used simultancously in
the same survey and sampls of seements. Which counbination is better? Since the
answer depends partly on hew the open and weighted < = onts compare, discussion
of this question will be Jdelerred to a later section.

6.2 Open-vs Weighted-Sceument Methods

The open- and weigchtoed s>ogment methods are apnlicable when farms are used
as the reporting units.

With the open segment, the choice between the i operator and the farm
approaches as discussed 1n 1.3.1T and 1.3.2 is an importint consideration.  The
‘weighted segment entails onlyv the farm approach: that - the concepts of the

weighted segment and the farn operator approach are not corpatible.  Hence, in
the discussion of the open vs weighted segment that o lows, the farm approach
is assumed. But first 1.t 1= review the conditions tiat arc favorable to the
farm-operator approach ant the open secgment.

You will recall that with the farm-operator approach the objective is to

find, within the boundarics Hf each sample scegment, il residences of farm
operators. The farms corresonding to farm operators who have a residence
(dwelling unit} in a sampl. segment are in the sampl. . (Note:  Survevs in

which farm households arc th- appropriate reporting urits are not included in
this dicussion.)

The farm-operator approich will have minimal ceverage error when (1) simple
rules establishing a onc-to e correspondence hesween cnerators and farms can
be formulated and applied with very little ambiguity, ] 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:

\Y
0

o
)

V(io) = and

37



!

W

\Jr(xw) = ri,_.
W

where V(io) is the variance of io’ the sample mean per segment for the open-
segment method,

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

VO is the variance among open segments within strata, and

V(iw), nw,and Vw are similarly defined for the weightod-segment method. For

cost models assume:

f o}
_— . .
¢ Cf M
where C is the c..al cost of the survey (it is the =ame for both methods),

Cf is the fixed part of the total cost that is not related to the number
of segments in thc 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 ny and n_ are determined from
v
the cost models. Tt can be shown that the variance, Vx ), with the weighted
W B

segment will be less than the variance, V(io), with the open segment if the

following inequality holds

<|£<
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o

o

=

It appears, in general, that Vw is much less than VO. 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. Incidentallyv, 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 vears, using a
mitched sample of segments, their analyses showed thiat the variances with the
weilchted 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 firvst two steps at the end ¢f 1.3.2 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 theopen- 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 ahout 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 f_ is the number of farms in the same sample of segments using thc open-
segment method. Since fo 1s approximately (I/Z)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 he 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 welghtod secgment avoids the problon- ot identifying and
locating headquarters but thuat does not necessarily mor that the coverage
errors will bhe less.

To develop more fullv the concepts of how the open nnd weighted segments
compare, a few different situations could be considered.  For example, suppose
there is a small tract within a segment which shows no cvidence 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 whe is not
giving full attention to dctail or who does not fully :mderstand the survey
concepts as they pertain to his job. However, supposc the tract is misclassi-
fied as not being part of a tarm. 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 {arm, 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 illustrites why the closed segment has low coverage error.
If a tract within a secgment 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 farmm. Consideration of
how coverage error might ocuvur in various other cases m.cht be a useful excrcise,
but there is no substitute for experience and testing alternatives under actual
operating conditions.

Survey statisticians with experience in arca =ampl ng have different views
on the potential of the weighted-segment method. The writer happens to he among
those who believe the weivhteld segment should be fullv cxplored and developed.
It 1s easy to describe circimstances (perhaps hyvpothet icialy where the open seg-
ment would clearly be preterrad, especially if much o the data to he collected
are characteristics of operators' houscholds and other furm people rather than
to farms. lHowever, it was oporating problems in the anlication of the open-
segment method that led to the development of the closd seoment.  The writer
does not expect the coveruave »rror for the weighted sevient to be as low as
for the closed segment, hut, is stated carlier, there are characteristics
where coverage and response error combined could be Tower for the weighted
segment than for the close.’ sogment.  Moreover, a better methed than the open
segment is needed when reperting units must be farms,

Incidentally, expericnc. has shown that coverage crvor varies considerably
from one characteristic to another within the same survev and sample. That is
to be expected if, for exumple, small farms are overlooked more frequently than
large ones. Coverage error could be quite low for estimated totals of some
1tems such as crop acreages bt high for estimates of mumbers of farms which
happen to be very sensitive to how a farm is defined and to ambiguities in the
application of the definition of a farm. It follows that estimates of averages
per farm are alsq sensitive. With the open segment the number of farms per
segment, as found by interviewers, has varied from one survey to another even
though the definition of 21 farm and the sample design rvemained unchanged.
Ditferences in (1) the purcoses of surveys, (2) the survev materials, (3) the
operating procedures, and ) emphasis on {inding all fiims that should be in the
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sample have a bearing on the amount of covcrage error. Whether results using
the weighted segment would be more consistent is unknown because of insufficient
experience.

Investigations and analyses of coverage crrors are urgently needed. We
need to know, for example, how the average coverage error (or bias due to

coverage crror) in x  compares with the average coverage error in Xo’ where xw

and Xo are the sample averages per segment for the weighted- and open-secgment

methods. With the weighted-segment method the farm data for a segment get
weighted (multiplied by fractions) which gives a segment total that is equiva-
lent to the sum of the land areas of the tracts in the segment. This means that
the composition of bias duec to coverage error differs from the open-segment
method.

A view of one aspect of coverage error can be expressed bricfly as follows:
With a random sample of n segments from a population of N scgments the theoret-
ical sampling fraction is %u The actual sampling fraction that is realized in
a survey 1s likely to differ somewhat from %»because of coverage error. As

stated in preceding discussions, survey experience with the open segment indi-
cates great difficulty in achieving an actual sampling fraction that is close

to Perhaps operations with the weighted segment can be more successfully

n
N-
controlled in the sense that the realized sampling fraction will be closer to
%n Conceptually, with the weighted scgment, the value of the total of X for a
segment (sce equation (2) in 4.4.1) should be on a level that is equivalent to
the sum of the land areas of the farm tracts within the segment. Remember that,
with the closed segment method, a scgment total of a characteristic is also on a
level that is equivalent to the sum of the land areas of the farm tracts within
the segment. We need an answer to the question, Does the weighted-segment method
offer more potential than the open-segment method for minimizing bias due to
coverage errors?

Considering the experience now acquired, greater dependence on area sampling
and improved materials for area sampling, the time has come for a full explora-
tion of the weighted-segment method, especially in situations where the open-
segment method is lcast workable. Survey methods employed should not overlook
the possibilities of a combination of methods as discussed in the next section.

6.2.3 Combination of methods. In surveys where only part of the data are
amenable to being collected by the closed-segment method, either the open-seg-
ment or the weighted-segment method may be used in Comblnatlon with the closed
segment. Which combination of methods is better, closed and open or closed and
weighted?

It appears that in all situations a well-designed sample employing the
weighted segment would also be well designed for the closed segment. With
reference to the open-closed combination, the principles for defining segments
differ between the open and closed. In some situations the same sample of seg-
ments cannot be well suited to both closed and open. Consider the situation
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where nearly all farm operators live in villages. In this case, an efficient
sample for the closed-segment data would not be at all similar to an efficient
sample for the open-segment data, assuming that a farm's headquarters is defined
as the operator's residence. (If the difference is not clear, observe that a
high proportion of the segments in an efficient closed-s=cgment sample would be
found in the open country where farmland is located. With an open-segment
sample, we want to equalize the number of farms "'in'" thc scgments which would
put a high proportion of the sample segments in the villages.) Moreover, in a
given sample of segments under the circumstances described, very few operators
would be interviewed both for the tract data (closed sevment) and farm data
(open segment). That is, very few of the farms and triacts involved would be in
common. Considering sampling variances per dollar, it might be better to have
two surveys employing different samples. One might bhe designed efficiently for
the closed-segment method (data) and the other for the open. For the situation
just described the closed-weighted combination secems clearly superior to the
closed-open combjnation with regard to matters of sample design and the fact
that the same farms are involved in the collection of tract data and farm data.

In planning a survey, consider carefully the costs per segment for the
closed-weighted and closecd-open combinations. The difference in costs might be
small in relation to the =maller sampling variance for weighted-segment esti-
mates.

Finally, there is an 1mportant point to be considered regarding coverage
error and response error, which has not been discussed and is often overlooked.
The complexity of the interviewer's job and its relation to the frequency of
error is a key factor. That is, additional increments of refinement for the
purpose of reducing error might actually result in a net increase in the overall
number of errors. Which combination (closed-open or ¢losed-weighted) is easier
for an interviewer to understand? The closed and weighted have much in common
and it is not necessary to get involved in the headquarters problems. Farms
corresponding to tracts in the closed segment are in the weightéd segment. Thus,
the same operators are interviewed for tract dataand for farm data. The con-
cepts in the closed-open combination are generally more difficult for inter-

viewers to understand fully. «

7. Construction of Area Sampling I'r.ames

7.1 Background

The construction of an area sampling frame is viewed herein as a major
investment to be amortized over a long period and many surveys. After initial
construction of the frame is completed, a staff should probably be maintained
to make revisions or improvements in the frame and to sclect and prepare samples
as needed. An adequate continuing program of maintenance and improvement could
reduce or eliminate the need for finding resources for a complete_reconstruction
of the frame after several vears have lapsed. Monroc and Finkner// have dis-
cussed the construction of an area sampling frame for sampling dwellings.

7/ Monroe, John, and Finkner, A.L., "Handbook of Area Sampling," Chilton
Company, 1959.
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There are numerous ways of constructing an area frame depending on the
available resources and the purposes involved. Hence, only general principles
and some illustrations will be presented. Persons who are responsible for the
construction of a sampling frame ought to try to make the best joint use of
expertise on sample design and knowledge of the local conditions involved in
application. Small-scale tests of alternatives should be made before determining
the final specifications for a major investment.

7.2 Frame-Unit Specifications

For economy in the design and selection of area samples, a "'frame unit"8/
is an integral part of an area sampling frame. A frame unit is an area of land
that is larger than a segment but usually smaller than the smallest political
subdivision.

The essence of an area sampling frame is (1) a set of maps on which the
frame units are defined, (2) a list of the frame units, and (3) information
about the frame units, such as land area or number of households, which is used
for purposes of sample design and assigning numbers of segments to frame units.
A number of segments (sampling units) must be assigned to each frame unit. The
number assigned could vary with the purpose of the survey, whether the closed,
open, or weighted segment is to be used, the topographic detail shown on maps,
and information available about the land use or agriculture within the frame
unit. After numbers of segments have been assigned to the frame units and
specifications of the sample design have been formulated, a sample of frame
units is selected with probabilities proportional to the assigned numbers of
segments. Each selected frame unit is then divided into as many segments as it
was assigned and one segment in the frame unit is selected at random.

There are two major questions to be considered in the development of speci-
fications for a frame: (1) How should frame units be defined? (2) What
information should be compiled about each frame unit? The two questions are
not independent but will be discussed separately.

Factors having a bearing on the specifications for frame units include:

(1) The boundaries of frame units should be permanent, positively recog-
nizable landmarks. Boundaries of minor political subdivisions (especially if
they change frequently or do not follow visible landmarks) often do not make
good boundaries. Frame units are the most permanent part of an area frame and
should be defined by boundaries that are relatively permanent. Data pertaining
to frame units, such as number of dwellings or land use, can be easily updated
or revised as new information becomes available. If there are areas undergoing
rapid change in land use, updating of information about frame units in such
areas might be sufficient.

8/ In the first area frames that were developed in the United States, 'count
unit'" was used. A count unit was larger than a sampling unit and it was called
a count unit because farms indicated on highway maps were counted for each
"count unit.'" Although the term "count unit' has become widely used, the writer

believes it should be discarded in favor of a more general term, such as ''frame
unit."
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(2) Frame units should be large enough to accenrodate alternative specifi-
cations of segments that arc appropriate for various -urvevs,

(3) Frame units should provide economy in the sclection of area samples.
A frame unit need not be divided into segments unless a sample segment is to be
selected from it for a particular sample. In general, the amount of work re-
quired to select a sample is least when the number of frame units is much larger
than the number of segments needed for a sample. The total number of frame
units is inversely related to the average size of frame units. There is a
trade-off between the cost of defining a large munber of small frame units
(rather than a smaller mwmbcr of larger frame units) and the costs of selecting
samples after a frame has heen constructed.

The use of frame units also provides in some cascs, a possibility of a
saving in the cost of maps o1 photographs. Suppose rolatively inexpensive maps
are available and adequatc for delineating frame unit-, as well as providing an
office record of the boundarics of frame units. Such maps might not provide
sufficient detail for doing a satisfactory job of dividing a frame unit into
segments. More detailed maps or photographs for dividing frame units into scg-
ments might be available hut costly. It might be sufticient to limit the pur-
chase of the more costly raps or photographs to coversve of the frame units in
which a segment is to be selected.

(4) Consideration should be given to various kinds of information that
might be available and assenbled by frame units for n-¢ in the design of samples:
This could have a bearing on the frame-unit specifications. For example, to use
data from a census of agriculture, one might want the !rame units to coincide
with the enumeration districts for the census.

(5) Populations and subpopulations to be surveyced are usually defined in
terms of geographic coverage as well as reporting unit-<. There might be some
advantages to having framc units defined with regard to peographic boundaries
that might be used in thc specifications of survey populations.

(6) There are two gencral approaches (and combinations thercot) to setting
specifications for frame units: (a) One is to set the specifications primarily
with reference to size (land area) and topographic lardmarks that are suitable
for boundaries. In this case the work of defining frame units is minimal.

After the frame units arc dJdefined, appropriate information would be compiled

for the frame units with regard to the kind of populatisns to be sampled and
how segments are to be defined. (b) In the second approach, the specifica-
tions for the frame units would include factors such @< land use to achieve
greater homogeneity within the frame units. If the variation within frame units
is small, stratification of frame units for sampling purposes should be effec-
tive. Also, different preccdures might be applied te different classes of frame
units which could have a l'caring on how trame units i< Jdefined. For example,
frame units covering residential areas might be treated quite differently from
frame units that include cnly open country. In anv cvert, regardless of what
the frame unit specifications are, the end result is a detined set of frame
units and some informaticn about each frame unit that - useful and available
for sampling purposes. The two approaches involve differences in the physical
boundaries of the frame #nits and differences in the wir auxiliary information
1s used. However, the obicctives are clear. We wan:  ormanent, visible
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landmarks for boundaries of frame units and economical, effective use of auxil-
iary information to reduce sampling variance. The compromises involved will be
Clarified to some extent in the sections that follow.

7.3 Auxiliary Information and Its Use

Information or data that are available for use in the design of samples
will be referred to as "auxiliary information' or ''auxiliary data''. There is a
wide variety of auxiliary information and there are many ways of using such
infoermation in the design of samples, the general objective being to achieve
maximum accuracy, assuming a fixed cost of the survey. At this point, perhaps
a brief review of the key principles involved in the application of single-stage
stratified random sampling, ds they relate to area sampling, will be useful.

To minimize sampling variance, the sample designer wants to define strata
and area sampling units (segments) so that variation among sampling units within
strata is as small as practical. That is, a sample designer is concerned with
(1) the choice of criteria for stratification and the allocation of the sample
among strata, and (2) the definition of sampling units, including the control
of variation in size of the sampling units. Within strata, variation among
sampling units will be reclatively small when the sampling units are nearly equal
in "size'" and have similar characteristics. The designer also seeks an average
size of sampling unit that is efficient with regard to mean square error for a
given cost. These matters of sample design are related to the purpose of the
survey.

As just indicated, there are typically two ways of using auxiliary data in
the design of an area sample: One is for stratification, the objective being
to achieve homogeneity within strata; and the second is the use of an auxiliary
variable as a 'measure of size', the purpose being to achieve segments of equal
"size'" where the measure of size is a variable that is correlated with the
variables to be included in the survey. Some kinds of information are useful
for purposes of stratification but are not useful as measures of size for con-
trolling the size of segments. (Ixamples are geographic location, soil types,
or maps, showing broad types of farming arcas.) There are characteristics (e.g.,
acres of cropland) that can be used either as a measure of size or as a basis
for stratification. Generally, the same auxiliary variable would not be used
as both a measure of size and a criterion for stratification.

Theoretically, the choice of criteria for stratification of frame units
and the choice of a measure of size, which is used for assigning numbers of
segments to frame units and controlling variation in size of segment, are not
independent choices. When the options permit, the author gencrally prefers to
give first priority to the choice of a measure of size to control segment size
and second priority to the criteria for stratification with due regard to the
measure of size, the estimator, and the survey objectives. However, opportunity
to consider design alternatives is limited by the degree to which the area
sampling frame is developed (including auxiliary data by frame units) to accom-
modate various survey objectives.

7.3.1 Control of segment size. In theory, ways of controlling (reducing)

sampling variance associated with variation in the size of sampling units in-
clude stratification of the sampling units by size, selecting sampling units
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with pps (probability proportional to sizZe), ratio or tc.ression estimators, and
cqualizing the size of the ~wipling units. In the Jdi-cussion and illustrations
that follow, attention wil! '« on equalizing segment -iz-. llowever, mapping
detail and topographic landioks, as well as the kind «f auxiliary information
that might be available, ott:r severely limit the Jdegree to which equalization
of segment size can be ach ovod. If relevant informatin: exists for controlling
variation among segments, bt topography severely limits cqualization of segment
size, the other methods 1itoe could bhe considered. With regard to ratio esti-
mation, remember the precant n ostated in section a5

The selection of individial segments with pps ha- uenerally not been used,
and it involves technical corsiderations beyond the scope of this publication.
Incidentally, selecting scorerts with pps is not the ~ime as selecting frame
units with probability propo:tional to assigned mumber- of segments and then
dividing each selected frure unit into its assigned mwber of segments, etc.
The latter is a method that.gives each scgment an cquil »robability of being in
the sample. Stratification spplies to frame units, rather than individual seg-
ments.  Under some circumstances stratification can be o useful aid in control-
ling segment size. This - *ustion will be illustrated later.

The choice of a measnve of size of segments depends on the purpose of the
survey and whether the open | (losed-, or weighted -segment method 1s to be used.
Controlling the size of scemert involves the assignment of a suitable number of
segments to each frame unit o1d the appropriate divisicn of frame units into

segments.  For example, core vor a survey of fruit cross.  Suppose the closed-
segment method is to be usadl nd that an approximate measure of the amount of
land used tor fruit crops i= available by frame units. In this case, the number

of segments assigned to frome units would be proportinnal to the approximate
amount of land used for friir ¢rops. The goal would be to divide a {rame unit
into the assigned number of .cgments so each segment hus approximately the same
amount of land under fruit creps. This principle is el in the illustrations
presented later.

7.53.2 Stratification and the definition of frame units. As stated in
paragraph (6) of 7.2, auxilimiy information might be used in ways that have a
bearing on how frame units arc Jdefined. A leading example of this is classifi-
cation ot all land area according to land use and then Jelineating frame units
within cach of the land usc lasses. An alternative i+~ to delincate frame units
with very little, if any, rccard for land use and then stratify the frame units
bv land use for sampling purpcses.  The question of whether to take land use
information into account be-foire or after the frame units have been delineated
15 one of the first question. to be answered. When comparing the alternatives
and making a choice, it i+ imortant to distinguish between procedural advantages
and other matters such as =am ling cfficiency or potential for bias. Situations
can be described where, for rractical purposes, the cheice would be a matter of
procedure rather than sampling efficiency.

Land use classes might he delineated, prior to the «elineation of frame
units, with such purposes ir 1ind as (1) stratificatior to achieve homogeneity
within strata, (2) having frwe unit boundaries coincide with areas that might
be used as domains of study, ¢r (3) forming classes of {rame units so the frame
units within a class would he treated alike but once ¢las might be treated dif-
ferently from another.  IThc D use pattern, topoerar!: - and the anticipated
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purposes of the sampling frame have an important bearing on the choice of speci-
fications for frame units. Perhaps a brief discudsion of two hypothetical cases
involving very different land use and topographic patterns will be helpful.

Casce 1. Suppose the total land arca for which an area frame is to be
developed, can be readily divided into four land use areas (classes): Tree
crops, cultivated crops, grazing land, and nonagricultural land. Assume the
land use patterns and topography are such that (1) the land classes can be de-
lineated so the boundaries of the classes are suitable as frame-unit boundaries,
and (2) the land use within a class conforms to the class except for rather
small widely scattered parcels of land which do not account for more than 10 or
15 percent of the total land area of the class.’

In this case, delineating land use classes and frame units within the land
use classes is probably advantageous. The frame units within a class would be »
relatively alike and the land area of the frame units could serve as a useful
measurc of size for a number of sampling purposes. That is, a list of frame
units by land use class and the land area of each frame unit provides a basis
that is reasonably satisfactory for general purpose sampling; and, it gives a
basis that can be refined or further developed as necded.

As an illustration, suppose a sample for a survey of cultivated crops is to
be designed and sclected. One of the first decisions to be made is the geograph-
ical extent of the'population to be sampled. Let us assume that the two land
use classes, nonagricultural and grazing, may be omitted, but the tree-crop land
use class has too much land in cultivated crops to be ignored. The two land use
classes, cultivated and tree crops, would be sampled differently as follows.

Assuming that either the closed segment or the weighted-segment method 1is
to be used, an appropriate measure of the size of a segment is the amount of
cultivated land. That is, the goal is to define segments so they all have
approximately equal amounts of cultivated land. In the cultivated land use
class, a very high proportion of the land is cultivated. Thercfore the total land
arca of the frame units is a suitable measure of size in lieu of estimates of
the amount of cultivated land by frame units. Thus, under the circumstances,
making the numbers of segments assigned to the frame units proportional to total
land arca of the frame units will probably lcad to segments that are about as
equal in size as would be the case if the assigned numbers were proportional to
the amount of cultivated land in the frame units. Converting the land areas of
frame units to numbers of segments is a simple matter after a decision on the
average size of segment is made. For example, suppose the average size of scgment
is sct at 300 acres. A frame unit with an estimated 1,400 acres would be
assigned five segments. For sampling purposes, the frame units in the cultivated
land class could be stratified geographically, or according to any other appro-
priate criteria that might be available. The selection of frame units and the
division of the selected frame units into segments would be in accord with
principles that have already been discussed.

In the tree-crop land use class, consideration should be given to how the
cultivated land is geographically distributed. If the cultivated land is uni-
formly distributed among the frame units, the assignment of numbers of segments
to frame units could proceed in the same way except that the average size (land
area) of segment would be larger. Tor example, if about 10 percent of the land
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is cultivated and a decision has been made to have the average segment contain
100 acres of cultivated land, the total land arca of the average segment would
be 1,000 acres. Hence, a frane unit with a total land arca of 5,000 acres would
be assigned five segments. [{ the proportion of cultivated land varies widely
among frame units, the method just described could be nsed, but consideration
should be given to an alternative that would have Jower sampling variance. For
example, it might be feasible to examine photographs and assign segments to
frame units approx1matelx in proportion to the apparent amount of cultivated
land in each.

If the open- segment method had been chosen for this survey, attention to
the density of farm headquirters would be needed, instcad of the amount of cul-
tivated land, when assignine mubers of segments to frame units.

Case 2. In contrast to Case 1, suppose that the area for which a frame is
to be constructed has a pattern of land use and topography such that it is not
possible to delineate land use classes, within which frame units would be alike,
unless frame unit boundaries are allowed to be tenuous. An example 1s an area
where most of the land is not cultivated because of soil or topographic condi-
tions, and the land that is cultivated is mostly small, widely scattered,
irregularly shaped parcels of land. If onc is to delincate broad land use

classes, within which frame mnits would be delineated, 4 major compromise must
be made. FEither homogencity of land use within a ¢las: or the quality of frame
unit boundaries must be sacrificed. Morcover the task ¢t delineating land use

classes prior to delineating frame units could be time vonsuming and d1ff1hu1t
under some circumstances.

At relatively low cost, frame units could be delincated with very little,
if any, regard to land usc. Approximations of the amoint of land under various
uses could be compiled for each frame unit and used cither as (1) measures of
size for the assignment of nunbers of segments to frame units or (2) criteria
for stratifying frame units for sampling purposes. Thus it is possible to make
effective use of land use information without using it in the delineation of
frame units and without introducing tenuous frame unit houndaries. Section 9
presents an illustration of this kind of situation.

The writer regards the choice of frame-unit boundiaries as critical. A part
of the boundary of many segments will be a frame-unit boundary. Experience has
shown that tenuous frame-unit boundaries are very troublesome in the application
of area sampling, especiallv after a few years have passed since the frame was
constructed. As stated earlicr, the frame units should he regarded as the most
permanent aspect of an area sampling frame. Flexibility to serve various kinds
of surveys is not necessarily restricted by how the frame units are defined.
Regardless of definition, [(rane units may be stratificd in various ways and they
may be divided into segments in various ways for various purposes. Also, auxil-
iary information about frane units may be updated or supplemented at any time.
Achievement of efficiencyv in the design of a sample Jepends on the relevance
and accuracy of information pertaining to individual frame units. That is, it
is the range of relevant information about individual [rame units that provides
adaptability of the frame for various survey purposes.

The delineation of land use or other classifications prior to delineating
frame units is, in effect, one way of compiling information about frame units.
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Compared with the simple approach of delineating frame units with minimum regard
to land use, it should be justifiable on the basis of (1) more effective use of
the auxiliary information ‘involved (which, in general, seems doubtful to the
writer), or (2) economy in the operations of constructing a frame and selecting
samples. In any case, land use probably should not be ignored completely when
delineating frame units. For example, urban and other nonagricultural areas
might require special consideration. But consider the alternatives carefully
before making a large investment in the delineation of land use classes prior to
defining frame units, especially if the quality of the boundaries of frame units
is sacrificed.

7.3.3 Selection of auxiliary data about frame units. The availability of
auxiliary data varies among countries and applications from almost none to infor-
mation that is highly relevant and effective in the design of samples to minimize
sampling variance. The sample designer is constantly confronted with making
choices among alternatives that have a bearing on sampling efficiency and biag.
Also, it 1s often his responsibility to make recommendations or decisions about
auxiliary data that seem to be worth acquiring for future use in sample designs.
For continued improvement of sampling plans and operations, there should be a
continuing program of investigation and analysis of various components of error
and components of cost in surveys that are conducted.

Total land area is likely to be near the top of any list of auxiliary in-
formation that is to be compiled for frame units. It can be approximated quite
easily from scaled maps and will probably be used in many sampling plans. Esti-
mates of the amount of land in each frame unit by land use classes might be
important, depending on the kind of surveys that are expected and the circum-
stances as discussed in 7.3.2. The amount of land in each frame unit by land
use classes is generally more useful (effective in reducing sampling variance)
for the closed- and weighted-segment methods than for the open segment.

Possible sources of information about frame units include: (1) Census data
if frame units correspond to enumeration districts, (2) land use maps if suffi-
ciently detailed, (3) aerial photographs, and (4) visual estimates from field
observations of the frame units. Visual estimates of the proportions of land
in the various uses for each frame unit could be multiplied by the estimated
land area of the frame unit to obtain measures of the amounts of land under
various uses, which might be useful for sampling purposes. The land area of a
frame unit can be estimated by using a planimeter or a grid overlay, if scaled
photographs or maps are available.

If the open-segment method is to be used for surveys of all farms, an indi-
cation of the number of farms '"in" each frame unit would be useful, assuming it
contributes to the objective of equalizing the number of farms '"in'' segments.
For surveys of households, information on the number of households by frame
units would be important.

Information about frame units should not be obtained, especially if much
cost 1s involved, unless there are good prospects that it will be used in an
effective manner to reduce sampling variance. The cost of obtaining auxiliary
data needs to be considered with regard to the reduction in sampling variances
that might be achieved through improved sample design. How does the cost com-
pare with the cost of achieving comparable reductions in sampling variance by
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increasing sample size? An investment in auxiliary data to improve the sample
for one survey might not be advisable. But if surveyv- involving the same com-
modities (or subjects) are conducted periodically, o <nbstantial investment in
auxiliary data might be tully justified.

Special important nceds should be considered very carefully. For example,
suppose a particular trce or vine crop is commercially very important to the
economy of a country. Information about the exact location of the crop, or
approximations of the amount of the crop in each frawe unit, might be critical
to obtaining a satisfactory degree of sampling efficiency. Field work to acquire
auxiliary information about frame units might seem too expensive, but the cost
of low sampling efficiency might be greater. It is of interest to note that
census counts of fruit trees have sometimes been justified mostly on the need
for a good basis for sampling for current forecasts or estimates of production.
Information about frame units that is very effective in designing samples for
current, special-purpose surveys can sometimes be obtained at a much lower cost
than a census.

The capability for designing efficient area samplos in agriculture (espe-
cilally special-purpose sampling) is heavily dependent on information about where
various crops or commoditics are produced. If no awiliary information is avail-
able for designing efficient samples and if such infornation is too expensive to
obtain, consider the possibility of a double sampling plan. That is, select a
large sample and collect data on the characteristics of farms in the sample. This.
would provide a basis for selecting subsamples that are efficient for various
specific needs. Also, du ncet overlook any possibilitics for linking data from
censuses with an area frame. A census utilizing a short questionnaire might be
planned for two purposes: (1) Provide statistics about key items for publication,
and (2) supply auxiliary data to be associated with un arca sampling frame that
would enable more efficicent sampling and estimation ‘rom current survevs.

7.4 Maps for Frame Construction

It might be helpful to recognize two broad categories of maps: (1) Maps
that provide useful topographic detail for delineating frame units and scgments;
and (2) maps that provide useful auxiliary information for the design of samples.
Some examples are maps that show land use, irrigated areas, soil types, or other
information that might be used for stratification or for assigning numbers of
segments to frame units.

In the first category, the maps most commonly used are road maps, aerial
photographs, and topographic maps. The map requirements with regard to scale
and detail differ considerably for (1) purposes of delincating frame units and
of providing an office rccord of the boundaries of frame units, and for (2) pur-
poses of dividing frame nunits into segments and showin: the boundaries of samnle
segments for use in the ticid. For the first purpose, road maps (or topographic
maps which show roads) are generally used. File space and cost considerations
might dictate that the frame units be defined or recorded on relatively inex-
pensive maps (and perhaps transferred to microfilm). ‘For the second purpose,
the frame maps (maps on which the frame units are defined) are not always ade-
quate. Photographs or more detailed maps might be used or it might be necessary
to adopt techniques like those described in the next section. Incidentally,
when segments are delincated on aerial photographs v use in the field hy

-
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interviewers, the photographs are a valuable aid to achieving complete and
accurate coverage of the sample segments, as well as providing positive identi-
fication of segment boundaries.

7.5 Division of Frame Units into Segments

The division of frame units into segments often presents a wide range of
problems. It might be feasible to divide some frame units using the frame maps,
but aerial photographs or more detailed maps are generally very useful and often
necessary. When available mapping detail does not enable satisfactory division
of a frame unit into its assigned number of segments, there are a mumber of
techniques that might be helpful. Some alternative techniques are:

(1) Have the interviewer enumerate the frame unit completely. That is,
treat the frame unit as a sample segment and fill out a questionnaire for all
reporting units in the frame unit. Suppose k is the number of segments assigned

to the frame unit. For purposes of tabulation, a subsample (using % as the sub-

sampling fraction) of the reporting units enumerated might be used. If all
reporting units are included in tabulation, remember to use the probability p
as a basis for weighting, where p is the probability which the frame unit had
of being in the sample.

(2) Before the survey begins, have a 1list of reporting units in the frame
units prepared and select a subsample of reporting units, using a sampling frac-

tion of %u In this case an interviewer would be given a sample of reporting
units rather than a segment.

(3) Travel to the frame and divide it into k segments on the basis of
observed landmarks. Make sure that sketches and notes provide adequate descrip-
tion of the segments. Select one segment at random in the office.

The first alternative is most practical when k is small, say 2 or 3.
Generally speaking, the third alternative appears preferable to the second,
when the closed or weighted segment is being applied or when the same sample
is to be used repeatedly.

It is often feasible, using the maps on hand, to partly divide (but not
completely divide) a frame unit. For example, assume a frame unit is to be
divided into five segments. It might be feasible to divide it into two parts
and to assign three segments to the first part and two segments to the second
part. One of the two parts would be selected at random giving the first part a
probability of 3/5 and the second part a probability of 2/5. The selected part
could then be handled in accordance with one of the above alternatives. The
value of k would be 3 or 2, depending upon which part was selected. This
technique of partly dividing a frame unit might reduce the number of maps or
photographs that are needed. For example, it might be feasible to partially
divide a frame unit using only a road map. Then, to complete the job of
dividing the frame unit into segments, photographs would be needed for only
part of the total frame unit.
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Sometimes one finds that dividing a frame unit int) the assigned number of
k segments is possible only if undesirable boundaries arc accepted, However,
the landmarks might be such that the frame unit will divide very satisfactorily
into k-1 segments. This situation presents a choice hetween '"forcing' a division
of the frame unit into k scements or dividing it into only k-1 parts. If the
division into k-1 parts is accepted, two alternatives are open: (1) Treat the
k-1 parts as segments, sclcect one at random, and for purposes of estimation,

change the probability of sclection from p(%) to p(Kjﬁl, where p is the prob-

ability which the frame unit had of being selected. 21 Number the parts 1
thru k-1. Suppose part 1 is the largest. Assign it two segments and assign
one segment to the remaining k-2 parts. Then select one part with probability
proportional to its assigned number of segments. If one of the parts 2 thru k-1
is selected, use it as a seement. It had a probability of selection equal to

p(%). If the first part is sclected, one of the three techniques described at

the beginning of this section could be applied to it. The value of k would be 2.

In the processes of delineating and selecting scyments, always be on the
alert to specify procedural detail that eliminates the possibility of bias. For
example, it is very important that the process of dividing frame units into
segments be separated from (that is, be completely independent of) the process
of making random selections. To illustrate how bias can bhe introduced, suppose
the instruction to the clerical staff is to divide a frame unit into segments
and to select one at random before proceeding with the next frame unit. When a
random number is selected it might be possible, unless special precautions are
‘taken, to see the next ramdom number on the list. Rnowledge of the next random
number could seriously bias the work of delineating und numbering segments in
“the next frame unit.

Another illustration of potential bias is changing a segment boundary after
the segment has been selected. There might be a strong inclination to do this
when one finds that a better boundary is needed for an interviewer to follow.

If changes are allowed, changes should be held to a minimum and strict rules for
making any changes in houndaries should be specified, which are believed to be
unbiased for practical purposes. Such practices always introduce a potential
for bias and a degree of wuncertainty about the magnitude of any bias in the
results. On the other hand, some adjustments in boundaries might involve less
risk of bias than letting interviewers enumerate segments that have ambiguous
boundaries. The best policy is to avoid this situation to the fullest extent
feasible. Be as sure as possible that boundaries are satisfactory before random
selections are made. This vives emphasis to the point made earlier, namely

that frame unit boundaries should coincide with permanent, well-defined land-
marks.

Sometimes a difference in detail seems unimportant and a decision 1s made
on the basis of convenience. Do not take unnecessary risks with procedural
detail that could introduce hias.

Thoroughly test feasible alternatives before setting final specifications

for a sampling frame. Testing is needed to determine costs, to evaluate alter-
natives, and to debug procedures.
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8. Frame Construction--Illustration No, 1

Two areas representing different topographic and land use situations were
selected for illustration of area sampling frames and sample selection. The
first area for illustration is a part of Mills County, Iowa. Nearly 95 percent
of all land in Mills County is in, farms. About 85 percent of the land in farms
is cropland, and the average size of a farm is more than 300 acres (or 121
hectares). Approximately 85 percent of the farm'operators live on their farms.
The density of farms is about two per square mile.

In a large part of the United States, including Mills County, the Public
Land Survey divided land into sections (square miles). The standard section has
640 acres of land (nearly 260 hectares). On the county road map (see figure Z2a)
each section is shown as a square (1/2 x 1/2 inches) and identified by a number.
A landmark of some kind (a road, a fence, or the edge of a field) follows most
section lines; but, as farm practices have changed and fields and farms have
become larger, landmarks that follow section lines have disappeared to some
extent. In Mills County, sections can usually be identified from visual inspec-
tion of photographs, but section lines are not always satisfactory as frame-unit
or segment boundaries.

The county road map, figure 2a, provides a satisfactory basis for defining
frame units. In fact, in this illustration the frame units were very easy to
delineate as shown.in figure 2b. County lines were regarded as acceptable frame
unit boundaries. Other than county lines, there was no need to consider any
landmarks other than permanent roads for frame-unit boundaries. Figure 3a shows
a photograph of frame unit 17. To avoid covering.any detail shown in the photo-
graphs, the boundary of frame unit 17 is shown in figure 3b which is the same
photograph with frame unit and segment boundaries added. Figure 3b will be
discussed later. Some readers may wish to match landmarks shown on the highway
map, figure 2a or 2b, with landmarks on the photograph, figure 3a.

In addition to specifications for frame unit boundaries, a specification
on the minimum size of frame unit is needed. In this illustration, 4 square
miles was set as the preferred minimum with 3 square miles being the absolute
minimum. The maximum size of frame unit is not critical. It was about 6 or 7
square miles. Variation in size of frame unit was dictated mostly by the pattern
of topographic features that were suitable for frame-unit boundaries.

The agriculture and land use pattern in Mills County is such that segments
larger than 3 or 4 square miles in size are not likely to be needed for a survey.
If the land was to be classified by land use and frame units defined within land
use classes, specifications would have been needed regarding: (1) The land use
classes, (2) the landmarks for boundaries of the classes, and (3) the minimum
size of a parcel of land for each class.

Time spent on delineation of frame units could be saved by making them
larger, but such savings did not appear to be important. In fact, less time is
required to select samples when the frame units are small. If necessary to
accommodate use of larger segments, frame units and related data can be combined
to form larger frame units. The amount of auxiliary data that might be needed
for frame units did not appear to be an important factor favoring larger (and
hence fewer) frame units in this illustration.
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The land areas of the frame units could be estingr i by planimetering the
frame map, figure 2Zb. Howcver, by looking at the frae wap one can judge the

land areas with an error of not more than about 1/2 =ait o mile, which is prob-

ably sufficiently accurate ter sampling purposes.  Colwn (2] of table 6 shows
the approximate land arca ¢! cach frame unit as deterii-od by visual interpre-
tation of the frame map. Needs for auxiliary inforsit 1 o (other than land area)
about frame units will be considered as the discussion continues.  Incidentally,
every frame unit should alwiavs he assigned at least one eement and have a
chance of selection unless there is conclusive evidenos hat it contains

nothing that contributes to the population being sl f.
To illustrate how the trame might be used to Jde-ion and select samples,
three kinds of surveys will hc considered: (1) a survev of crop acreages,

(2) a survey for economic Jiata, and (3) a survey of hect cattle.

8.1 A Survey of Crop Acrcages

Suppose a sample survey is to be conducted, after o ops have been planted,
for the purpose of estimating the acreage planted to cach crop. TFor this pur-
pose the closed-segment method is superior to the ot ond weivhted: seement
methods, assuming that tracts are satisfactory as repoit . ong units. Criteria
for stratification and sample size are among the important aspects of a sampling
plan, but attention will be tfocused primarily on illustirating the specification
and delineation of segments. Also, the sampling probler will be considered in
the context of a general -purpose sample of all crops rather than a sample de-
signed for one or two specific crops.

With reference to the purposes and conditions that have been outlined, an
appropriate goal in delincating the closed segments i< cigualization of the
sizes of the segments with regard to amount of cropland. The first step is to
assign a number of segments to cach {rame wnit. T1 *he coments are to contain
equal amounts of cropland, the assigned numbers of seaoronts should be in propor-
tion to the amounts of cropland in the frame units. In Mills County, a very
high proportion of all land is cropland. Thus the land arca of the frame wnits,
after making any feasible deductions for nonfarmland, i 2 very good measure of
size.

Since photographs are available for dividing the Trame units, it is feasible
to set the average size of scgment at one-half of onc =votion. A smaller average
size that might be considercd is a quarter section. hu! that Joes not appear to
be practical, and coverage error tends to increase as thoe scgments hecome
smaller. The fourth colum of table 6 shows the number of closed segments
assigned to each frame unit. The numbers assigned arc two times the cstimated
numbers of square miles (colionn (2), table 6) with the ~woeption of frame unit
24. The frame units were reoviewed quickly to identif. .ipparcent arcas of non-
farmland that were larger than about 1/2 of one =quarce nile. The only such area
was a town that was partly in frame unit 24. There w threc square miles in
frame unit 24, but it was assigned five segments rather than six because it had
at least 1/2 of one squarc mile of area that was residential. Thus, the idea
was to have the assigned numbers of segments proportionzl to the land areas of
frame units after deduction of any nonfarm arcas larger than 1/2 of one square
mile. If frame unit 24 is selected for division into scuments, its entire land
area would be included in the five segments, even thouph the residential part of
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Table 6.--Frame units and numbers of segments for illustration #1

. . . Closed or :
Frame _ Approximate size [Indicated. weighted segments |
unit of frame units in number of’ : RS

Open segments

number . square miles . farms :AssignedeccumulatedfAssignedeccumulated
; : . number | number " number | number
(1 (2) (3) (4) (5) (6) (7
1 7 25 14 14 16 16
2 4 15 8 22 10 26
3 4 10 8 30 6 32
4 5 11 10 40 7 39
5 5 17 10 50 11 50
6 3 8 6 56 5 55
7 8 14 16 72 9 64
8 6.5 20 13 85 13 7
9 6 17 12 97 11 88
10 4 14 8 105 9 97
11 1) 11 10 115 7 104
12 4 12 8 123 8 112
13 4 11 8 131 7 119
14 3 17 6 137 11 130
15 5.5 19 11 148 12 142
16 4 13 8 156 8 150
17 4 6 8 164 4 154
18 4 12 8 172 8 162
19 6 14 12 184 9 171
20 6 18 12 196 12 183
21 6 25 2 208 16 199
22 6 24 12 220 16 215
23 7 15 14 234 10 225
24 3 8 5 239 5 230
25 4.5 17 9 248 11 241
Total : 373 248 248 241 241
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the frame unit was not coante bwhen the nomber ob Lo e was assiened. That

is, the residential nart ot frame unit would oo “d i one or more of

the five scomentz. V<o, & aonld attempt to devre - Five segments so thev
contained cqual amounts of o land.

The fifth colunn of t Pl 6 shows the accumulate” ~vwiber of segments for
the closed- or weighted-seorort rethods,  Cumuluative torel- are often generated
as a convenient way of selocring (rame units with ol - tics proporticnal to
the assiened number of =cim t<. A discussion of aitori.t.ve methods of select-
ing a sample of segments -0 the 248 assigned in oo o4 of table 0 involves
technical consideration b oo the scope of this pubi o 1en. However, suppose
onc scument is to he select ot random. A random nadicr s scelected from |
thru 218, Assume the randos somber 1s 157, which with roderence to the accumu-
lated total is more than * ¢ nd less than 1650 Thue ot e unit number 17 s

selected. It had a probah 1 tv of selection equal to Sy

The next step is to «f oo [rame unit number 17 560 the assigned number
of scements,which is 8. "1 frame unit divides very witisfactorily under the
criteria of vood houndarice . and uniformity in size wit!s ~ooard to amount of
cropland (see figure 3h) . 2 cr numbering the § scemen 1 through 8, one of the
8 is selected at random. Suppose segment number T oic o« lected. Tt has an over-
1

. = of heine sclected.
5 248 <

8
all chance equal to (syy)

Additional secgments conlld be selected in the <ar tnner. However, svstom-
atic selection as follow- . often used.  Supposce trow nlineg fraction is 2
percent or 1 out of S0. - mdom mumber from Iother o coald he o solected.
This desienates the first e ber ina series of ned 0 aving an interval of
50.  Suppose the random nimih o s 120 The series - 170 62, 112, 162, and 212,
which with reference to tisl - o designates frame anit< o, 7, 11, 17, and 22,
within which segments are o »e delineated and one - ot is to bhe sclected

at random.  Since there ar - tho steps, sclecting toens rits and then selecting
a scement in each, this < io jon procedure is semetic o confused with two-stage
sampling. In the casce ju ot —soribed, the two step: o two selection steps In
a single-stage sampling 11 o

Figure 3¢ is a photouas of segment number 7 onoo onlarged scale. It ods
an example of a photograp’ tit an interviewer mislt til to the segment, cxoept
that the tract and tfield Tin -+ within the segment worl ' rot he shown.  After
traveling to a segment and —otting oriented (that s, wtching the boundaries as
shown on the photograph with the actual topography ainterviewer divides the
segment into tracts.,  In oo nent 7 othere are only three tracts: A0 B, and O
Next, in an interview witio tc operator of o tract i< terviewer divides the
tract into ficlds and obtain the desired informatior « out the crops. Notice
that a photooraph of a4 = - «at is an important ail o ainizing coverage and
measurement error.

If the photouraphs wie ~caled, the ficlds could I+ planimetered and the
results used as a check or coreages reported by the o ators.  Fven when an
operator is not available for interview, an interviesor can probably obtain
most of the desired infor wtion about crop acreage=. ‘i micht talk with sult-
able informants, or by visual observation he might ol neate lields and record,
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to the extent possible, the crop that has been planted in each field, The field
acreages can be estimated, Thus, the closed segment provides a means for getting
data that are accurate and very nearly complete, compared with what is possible
or feasible when some other survey methods are used,

It was stated above that, in this example, the land area of a frame unit,
less nonfarmland, was a good measure of size. That is true primarily for crops
that are generally grown. For minor crops (crops with relatively small acreages)
an auxiliary variable such as acres of cropland or farmland is generally of less
value in reducing sampling variance.

Special attention must be given to any important "minor' crops with require-
ments that their sampling variances be low. One approach is to select a ''general"
sample that is designed to be adequate only for major crops, but informati®n about
all crops would be collected. In addition, one or more supplemental samples could
be designed specifically for the minor crops. Results from the general and sup-
plemental samples would be combined, using appropriate weights, A basis for de-
signing supplemental samples for particular minor crops is implied, Otherwise,
there is no alternative to making the ''general' sample larger,

Auxiliary information by frame units giving some indication of the amount
(or proportion) of the land that is likely to be planted to each of the minor
crops can be very useful in sample design. Assuming it is possible, the measure
of size of frame units and of segments for a supplemental sample might be very
different from the measure of size used in the general sample. As stated before,
a major question is how much to invest in obtaining auxiliary information about
frame units. The analogous question with regard to list frames (lists of farm
operators for sampling purposes) is, What information should be developed and
maintained about individual farms on the list? Incidentally, the production of
some minor crops might shift from year to year among farms or locations so that
auxiliary data on where they were grown at some time in the past might be little
or no value.

Before proceeding to the next example, a comment about the value of photo-
graphs seems in order. In the absence of photographs, the requirement that bound-
aries of segments be identifiable from the county maps would have meant larger
segments and less success with equalization of the sizes of segments. In other
words, at least for the situation discussed above, some reduction in sampling
variance can be attributed to use of photographs. The photographs also help re-
duce coverage error. Initial reaction to the cost of photographs might be that
they are too expensive. Before reaching such a conclusion, consider the cost of
not using photographs. That is, consider the cost of achieving an equivalent
reduction in sampling variance by increasing the size of the sample. Also, con-
sider the possibility of the same photographs being used for several surveys.

8.2 A Survey for Economic Data

For a survey to collect data about economic characteristics of all farms,
1t 1s possible to use either the open or weighted segment. Since the procedure
outlined above for closed segments is also appropriate for a survey of farms
using the weighted segment, the following discussion will pertain to the open-
segment method. Although a survey is regarded as general purpose, there might
be a need, because of analytical purposes for varying the sampling rates by,
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for example, size or type of farm. This will be discussed later. In the mean-
time, it is assumed that 2111 farms should have an equal chance of being in the
sample.

The density of farms in Mills County is about two per square mile. Experi-
ence based on analyses of variance, costs, and coverag. error suggests that the
hest average size of open segment is probably less than two farms for the agri-
culture and topography in this illustration. An average size of one farm per
segment is assumed, which means that we want the numhe:r of segments assigned to
a frame unit to be equal to the number of farms "in' thec frame unit. There 1is
no practical way of accomplishing this exactly.

The basis for assignment of segments should be detcrmined with regard to how
farm headquarters is defined. If the operator's residence is by definition the
farm headquarters, information on where operators live is useful. In this case,
the goal would be to assign numbers of segments to frame units which are in pro-
portion ‘to the numbers of operators living in the frame units. There might not
be a good basis for doing thlt On the other hand, suppose a specified point
within the boundaries of cach farm is the farm hcadqnn[\cr5 If information on
the location of headquartcers is not available, scgment= might be assigned in
proportion to amount of fuarmland or cropland.

With regard to Mills County, about 85 percent of the operators live on
their farms and some of the remaining 15 percent live in the open country. Let
us assume that the farm hecadquarters is the operator's residence if the operator
lives on the farm; otherwisc, 1t is some other defined point on the farm. Avail-
able information and the discussion in the preceding paragraph point to two
alternatives. The first is to assign segments to frame units in proportion to
land area. The goal was an average of one farm per open segment; and, since the
density is two farms per square mile, the average size of segment would be 1/2
of one square mile. Thercfore, this alternative gives an assignment of segments
that happens, in this case, to be the same as the assignment of closed segments
in colum (4) of table 6. The division of frame units into segments would be
different, however, because the Ob]@LthO is to equalize the number of farms in
the segments.

The second alternative is to derive, as follows, an indication of the number
of farms "in'" each frame unit and then allocate segments in proportion to the
indicated numbers of farms. In the open country, the road maps show square
symbols, @ , which indicate the location of farm dwellings (or farmsteads).
These symbols are not always correct, but they are useful. At some of these
indicated locations the dwelling unit might not be occupied by a farm operator.
In fact a dwelling might rot be found at one of the indicated locations. More-
over, some operators live at locations which are not identified on the maps.
However, a count of the indicated farm dwellings shown ¢n the county map is
presented in the third column of table. 6. This count (373) is, judging from the
census of agriculture, about 50 percent more than the actual number of farms.

A more accurate indication of the numbers of farm dwellings in the frame units
can probably be obtained by examining photographs. From photographs one can
identify building sites where farmers probably live, but again this does not
give an accurate and complete identification. However, indicated numbers of
farms have often been derived and used in the assignmen® of open segments to
frame units. Regardless of how open segments are assigned to frame units, when
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a frame unit is divided, it should be divided into the assigned number of seg-
ments with theobjective of having the same number of farms in each segment.

For purposes of illustration, we will use the indicated numbers of farm
dwellings in column (3), table 6, for assigning segments. Recall that these
indicated numbers are about 50 percent larger than the actual number of farms.
We are seeking an average of one farm per segment, Thus, the assigned numbers
of open segments in column (6) are about two-thirds of the indicated number of
farm dwellings shown in column (3).

As an example, frame unit number 17 will be divided into segments, since
it was used previously. The number of segments assigned was 4 (see column (6),
table 6). Figure 3d shows frame unit 17 divided into four segments, assuming
use of the open-segment method. Incidentally, the photograph (figure 3a) shows.
six places where a farm operator probably resides. This happens to agree with
the road map.

As a special case, suppose that a uniform sampling fraction is satisfactory
except for estimates needed for a domain that is a small proportion of the pop-
ulation. Sampling variances of estimates for this domain are too large. Let
us call the farms in this domain ''type A" farms. How can the size of the sample
of type A farms be increased without increasing the sample of all farms? If
the type A farms are concentrated sufficiently, it might be feasible to define
the area of concentration and simply increase the sampling fraction in that
area only. If that technique is not appropriate, there are variations of at
least two other general approaches that might be considered:

(1) The first is most applicable in situations where the type A farms are
uniformly distributed among all farms. In this case, it is appropriate to make
the segments to be screened for type A farms ''larger' than the segments for a
sample of all farms. This suggests the possibility of using a large and small
segment where the small segment is also a part of the large one. For example,
suppose type A farms are to be sampled using a sampling fraction that is four
times larger than the sampling fraction for all farms. The first step is to
design and select a sample of large segments to be screened for type A farms.
Then divide each large segment into four segments and select one of the four
at random. The following sketch illustrates a pair of large and small segments.

W

— ——Large segment

s

The sample of small segments gives a sample of all farms and the sample of
large segments, which includes the small segments, is the sample for type A
farms. An interviewer would probably be instructed to work the small segment
first and treat it as though the large segment did not exist. He would then
screen the remainder of the large segment for type A farms only,
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A specitic example of o hossible use of a pwi o rrve and small segiments
is a survey of the costs, wmonts, and kinds of materiai- used in the construc-

tion of new farm buildine. a1 in repairing and 1'1‘);L Precoold farm buildines.
Repairs are made on a very hish proportion of all v .. oach vear, but in anv
one vear a new building is coastructed on only a <mall —roportion of all farms.
New construction is import it and its \xmpllng varian.  rer farm is relatively
large, hence a larger saroling fraction is needed or v construction than for
veneral repair and maintenans oo Thus 1t the method of Tarce and small segments
were adopted, information sootld be collected on all v -0 ) maintenance, and new
construction in the small =ooments.  The remainder of o 0b Taree segment would
be screened for new buildiro - that had heen constre to 0 oud data about the new

buildings would be collect st

(2) The second generil pproach is to design tu -anples: A general-
purpose sample of all farm: md an independent sa wp]c 'u'ifica]ly designed for
type A farms.  The next =e-tion, 8.3, presents an el of special-purpose
sampling. But {irst a wor! o caution 1= Inte II)L‘\(«EA

Although, conceptualls, thiore should be no differcense in practice there is
a likelihood that farms idontified as type A in the wnowle of small segments
will differ on the average {trom farms identified a- tvpe Vin the large scements.
The same could be said for famms identified as type v in a general-purpose
sample and farms identific. is type A in a supplemental <pecial-purpose sample
for type A farms. Diffcerences greater than expected from sampling error often
occur when changes in surves orocedures are made, cven though the concepts and
definitions of the paramctor = are the same.

8.5 A Beef Cattle Survey

If more than about onc¢ tnird or one-half of the fuin operators produced
beef cattle and if none of the operators has  extremelv large numbers of cattle,
a rather simple area samnling plan that did not make use of specialized auxiliary
data about beef cattle might providc satisfactory sanpl ne efficiency. But as
farming becomes more speciilized and larger farms . lc\(lu1, it becomes increas-
ingly necessary to treat (dth conmodity (or group of ¢omndities) as a special
sampling problem.

In Mills County therc arce less than 800 farms. {(onoas dut:x show that
nearly 40 percent of the [wrﬂs have no cattle and lcas than 50 farms account
for almost half of the bect cattle. Thinking of arca <umpling and the possi-

bility of using sections (AYCHS that are one square wile) as sampling units,
there would be many seccticns with no beef cattle and a4 very small number of
sections with large feeding lots that might have more than 1,000 cattle. Area
sampling as described in 8.1 and 8.2 would be inefficiert. That is, very large
sampling fractions would he required to get satis=lactore results, One =olution
1s to compile a list of l: o cattle enterprises anld il tiple-frame sampling
as mentioned In section J.. 0. But this Jdiscussion «ing Timited to area
sampling.

To have a basis for cftficient area sampling for & cattle survey, it is
essential that informaticr: be available about the iocnt:ion of cattle. large
feedlots, or facilities tor feeding large numbers of «ittle, can often he
identified on recent aeris! rhotographs. [If necessar., ~omcone could travel
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over the area involved and make appropriate inquiries to identify and locate at
least the large cattle enterprises. (''Large' in this context might mean enter-
prises that would have a.selection probability greater than 0.5 if individual
enterprises werce selected for a sample with probability proportional to size).
If medium-to-large enterprises can be identified with a moderate additional
cost, that probably would be worthwhile. Incidentally, for sampling purposes,
"size' of a feedlot enterprise probably should be measured in terms of capacity
rather than number of cattle present on a particular date.

As a simple illustration, suppose 50 large beef-producing enterprises have
been located on maps. Fifty segments would be defined, which would include the
50 enterprises, one corresponding to each enterprise. Each segment should be
large enough to include all of an enterprise and the usual requirement of
identifiable boundaries should be fulfilled. These 50 segments would be treated
as a separate subpopulation or stratum and an appropriate sampling plan applied
to it. To sample the remainder of the population, the 50 segments would be
deleted from the frame units in which they are found. After this deletion, the
design and selection of an area sample of the remainder would follow principles
that have already been discussed. The subpopulation of 50 segments would be
samnled, using a large sampling fraction relative to the remainder.

The above procedure is applicable for the closed- and weighted-segment
methods. For the open segment, special attention should be given to the defi-
nition of farm headquarters. If the definition of headquarters results in any
of the 50 enterprises not being included in the stratum of 50 segments, there
could be serious loss in sampling efficiency.

Three examples of area sampling have been outlined briefly for an area
where a high proportion of the land was cultivated and where the topography was
relatively favorable for area sampling. In the next illustration, the topo-
graphic and land use patterns are different.

9. Frame Construction--Illustration No. 2

For the second illustration a part of Johnson County, in southern Illinois,
was selected. Figures 4a and 4b for Johnson County correspond to 2a and Zb for
Mills County. All of the county is shown except a narrow strip along the
eastern edge, which was omitted to avoid having to show the map on a smaller
scale. Because of the topography, the frame units are larger and more irregular
in shape than the ones in the first illustration. The choice of landmarks for
frame-unit boundaries is more difficult. For example, county lines are fully
described and shown on official land records, but visible landmarks do not
always coincide with county lines. Technically, frame units could overlap
county lines. In that case, if the boundaries of the county happen to coincide
with the boundaries of a population to be sampled, each frame unit overlapping
the county line (boundary of the population) would be identified prior to
sampling. Then, the part of each such frame unit that is within the county
would be marked and treated as any other frame unit of the population. Allowing
frame units to overlap county lines might provide for better frame-unit bound-
aries. On the other hand, many maps, photographs, and statistics are
prepared by counties and there is some inconvenience in having frame units
overlap county boundaries. In this illustration, figure 4b, the frame units
were allowed to overlap the county lines.
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For a perception ot the land use and topograp =ce figures 5 and 7, TFigure
5 1= an aerial photographic ~»saic for a portion of 1 county that includes
frame units 22, 23, 29, and st of 21, This mosaic 2 part of an index to
individual photographs whicl are identificd by numbers 1 the upper right corners,
for example BGS 1 MM-42. Whon looking at the mosaic Jo not mistake the edge of

a photograph for a landmib.  There is a large amourt o overlap among the photo-
vraphs and the photograpl= do not match exactly becsicr ot scale differences.,

The scale of the mosaic ir figure 5 is approximately /1 of an inch equals |
mile. Fach photograph ccrov s an area approximatelw 171 by 2-1/4 inches.

'igure 7 is a photouraph < a part of {frame unit 23. ' is on a larger scale

and shows more detail. Tiovre 7 will be discussed later,

Three broad classitications of land use can he rocopnized in the photo-
vraphs:  woodland, residential or built-up areas, and the remaining land which
is used mostly for agricul-ural production and will be referred to as "farm-
land". This information on land use may be used in Jdifferent ways. One way,
mentioned earlier, is to Jelineate land use classc~ and then delineate frame
units within each class. 'Vl topography in Johnscn County is such that the
proportion of farmland, tor oxample, would vary widelr mong frame units belong-
ing to the same land use vlass.  That is unavoidable uniess the condition that
frame units must have pew:u.ent, unmistakable bourdar o is relaxed to a degree
that would permit frame unit: to have very tenuous bowularies. The frame units

in figure 4b were delineatrod without regard to land n-¢. That is, the idea in
this 1llustration is to us> information about land use after the {rame units
have been delineated. [+ i5 assumed that the lanc aro: . of the {rame units have

been estimated, prohably ' planimetering the frame map=.

9.1 A Survey of Crop Acreaes

In Johnson County, the proportion of farmland viaries among frame units from
about 35 to 75 percent. or 4 survey ol crop acrcage: assuming the closed- or
weighted-segment methods, the approximate acrecage of {armland in each frame unit
appears to be a much bettor neasure of size than the rotal land arca. There are
at least two feasible methols of approximating the amotnt of farmland in the
trame units:

(1) lIstimate the amount (or proportion) of ‘armlund in each frame unit by
placing a transparent ¢rit overlay on a photograph or by planimetering. If
proportions are estimated, wmounts can be estimated by rultiplying the propor-
tions by the approximate land areas of the frame unit-~. The work should he
done with care, but a larvce amount of time spent on trving to make such measure-
ments as accurate as possible i1s probably not worthuwhile in terms of effect of
sampling variance. A hich legree of accuracy comparel to rough approximation
might make very little ditterence in the numbers of s~ ments assigned to the
trame units. Furthermore, when a frame unit is divided, it is possible to
cqualize the amount of fur:lind in the scgments onlv to 1 limited degree, de-
pending on the available landmarks for segment hounday es.

(2} The second methu’ 15 less exact and conswer | ows time. By lookinge
at the photographs, clas<i the trame units as hivh, ~colwm, or low with re-
card to the proportion of the land that is farmland., ‘or example, the ohjective
might be to visually cla-=i{y frame units with more thin 60 percent farmlund as
high, 40 to 60 percent a- sedium, and less than 10 poroent as low.
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The census of agriculture shows that about one-half of the total land arca
of Johnson County is in farms. Crops are harvested from about one-fourth of
the land in farms, almost one-fourth of the land in farms is woodland, and much
of the land in farms is used for grazing, The average size of farm is approx-
imately 200 acres and there are about 1.8 farms per squarc mile. Land judged
to be farmland from looking at the photographs (that is, land not covered by
trees or used for residential or industrial purposes) might be quite different
from land in farms according to the census. lowever, for a crops survey, using
the closed- or weighted-segment methods, farmland as interpreted from photographs
is a useful and feasible measure of size for assigning segments to framc units.

The topography of Johnson County is such that the average size of segment
probably should not be less than about 500 or 600 acres of farmland. Thus, onc
square mile (640 acres) of farmland is specified as the average size of scgment
for this illustration. The average segment will contain about 160 acres (1/4
of a square mile) of land from which crops are harvested. If an estimate of
the amount of farmland, expressed in squarc miles, is available for cach framc
unit, the number of segments assigned to the frame units would he the estimated
square miles of farmland rounded to the nearest whole numhcr. Every frame unit
should be assigned at least one segment, with the exception of any frame units
that have been intentionally omitted from the population to be sampled.

Suppose that each frame unit has been classified as high, medium, or low
with regard to the proportion of its total land area which is farmland. Assume
that the average proportions of farmland for these thrce classes arc 0.7, 0.5,
and 0.3. The land areas in square miles of the frame units in cach class would
be multiplied respectively by 0.7, 0.5, or 0.3 to determine the assigned numbers
of segments. A more exact assignment of segments is possible. One must judge
whether a more exact method would be worthwhile. Note that the classification
of frame units by land use was discussed as a device for assigning scgments and
not as a criterion for stratification in the sense of stratified random sampling.
The frame units may be stratified in any way that is appropriate for the survey.

Frame unit 23 has been selected for illustration. By planimetering the
frame map, which is scaled, an estimate of 8.6 square miles in frame unit 25
was obtained. From larger-scale photographs than shown in figure 5, it was
estimated with the aid of a grid overlay that approximately 60 percent of the
land in frame unit 23 was farmland. This gives 5.2 square miles (8.6 x .6) as
an estimate of the amount of farmland. Thus, according to the specifications
for segments, which were discussed above, frame unit 23 is assigned 5 segments.
Assume that a number of segments has been assigned to all frame units in a
similar manner. Further assume that, for a crop acreage survey, frame unit 23
has been selected and that it is now ready to be divided into 5 scgments.

A study of photographs with detail comparable to that in figure 7 showed
that frame unit 23 does not divide ecasily into 5 segments with necarly cqual
amounts of farmland. The situation presents the typical problem of trade-off
between clarity of segment houndaries and equalization of segment sizc. [low-
ever, frame unit 23 divides into four well-defined parts by the roads shown in
figure 4b. The four parts are shown in figure 6.

_ The photographs indicate that part no. 1 has the most farmland and that
1t will subdivide quite satisfactorily into two parts. Thus, two alternatives
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are presented: (1) Accent parts 2, 3, and 4 as segments and divide part 1 into
two segments giving a total of 5; or (2) permit tenuous segment boundaries in
order to equalize the amount of farmland, The first alternative does not make
full use of the information on land use. The second alternative reduces sampling
variance but increases the potential for bias. Under the circumstances, the
writer prefers the first ualternative unless tests under operating conditions

show that the second alternative is operationally fensible and that bias can be
avoided.

Figure 7 shows part 1 of frame unit 23 divided into two segments. A small
but well-defined river wuas used as a boundary. lor a livestock survey using
the closed-segment method, the small river is a questionable boundary. Rivers
often flow through grazing areas and livestock are free to cross the river.
This presents a problem hecause the operator will not always know where his
livestock are in relation to the river (the segment houndary). Notice, in
figure 7, the small town and how the segment boundarics follow roads or streets
into the center of the town. With the closed- or weiphted-segment methods, the
existence of a residentinl area in a segment should not, In most cases, present

difficulties for an enunerator. From the viewpoint of sampling, the important
part of his job is accurate delineation of tracts wihin the segment. With the
open-segment method, residential arecas present speciial probhlems.

9.2 A Survey of All Tamms

For a survey of all farms using the weighted-scorent method, segments
would probably be defincd and delineated as discussed in the preceding section.
As stated earlier, the open-segment method has been :1sed many times and many
alternative ways of applving it have been tried and studied. No particular
way of applying the open-scgment method can be recomncnded as generally superior.

With regard to the pplication of the open-segmert method to obtain a sample
of all farms in Johnson :ounty, there are no new points for discussion, To re-
peat, the general objective 1s to, (1) assign numbers of segments to frame units
“in proportion to the numbers of farms with headquarters within the frame units
and (2) divide frame units into segments so there is n equal number of farms
with the headquarters in cach segment. The limited mcans for attaining this
objective leaves much to be desired. But the problem of coverage error is more
serious, owing to the lack of a conceptually sound and workable definition of
farm headquarters. Recall that "headquarters” is the name for a unique point
that determines whether a farm is in the sample. A sampling frame that is con-
structed only for the application of the closed- and weighted-segment methods is
simplified because it weuld not involve considerations of the definition of farm
headquarters and the locations of headquarters. The need for full exploration
of the weighted-segment method, as an alternative to the open-segment method,
has become urgent.

10, Summary and a Brief Look Forward
Sampling frames should bhe constructed in recognivion of the fact that
agriculture is composed of numercus subpopulations thit must be sampled. A

sample designed efficiently for one subpopulation might be of little value for

64



another. Thus several sampling frames might be requ1red or, if a single
sampling frame is to be constructed, it probably should be multipurpose,

In general, as agricultural enterprises become more specialized and larger,
it 1s necessary to develop more flexible sampling frames for selecting samples
for many purposes. For example, .30 years ago in some regions of the United
States the same sample might have been reasonably efficient for both crops and
livestock. But this is no longer the situation. To sample efficiently for a
comnodity such as beef cattle, it is necessary to (1) have an adequate list of
Cattle producers for sampling purposes, (2) use multiple-frame sampling involv-
ing area sampling and a list of at least the largest producers, or (3) develop
area sampling on an efficient basis for special purposes as in 8.3. The devel-
opment of improved sampling frames is called for by (1) the trend toward larger,
more specialized farms, (2) the general demand for more accurate statistics, and
{(3) the need to keep sample sizes and costs as low as possible. Also, to some
degree, sample size is inversely related to capability for controlling non-
sampling error, which is another point in favor of efficient sampling to keep
sample sizes as small as possible. The problem of respondent burden in answering
survey questions 1s another factor that supports smaller, more efficient samples.
These factors are calling for directing more resources to the construction and
maintenance of sampling frames that will provide for higher degrees of efficiency
in the design of samples.

There are numerous sources of error and ways of reducing error. Survey
plans should include provision for studies of sampling variance, response errors,
coverage errors, and costs. Such studies should provide a continuing basis for
adjusting the allocation of resources in an effort to achieve maximum accuracy
at a given cost.

Area sampling is not likely to replace sampling from lists of farm opera-

.tors or vice versa. One of the most important problems in surveys of farm
enterprises lies in the unclear linkage between operators and farms which
results in coverage error. The linkage problems are prevalent when sampling
from lists and in area sampling, especially when the open segment is used. The
closed segment avoids most of the coverage error caused by obscure linkage
between operators and farms. This is a major important point in favor of the
closed segment. For surveys where tracts are suitable reporting units, the
closed segment is likely to continue as an effective method. For surveys where
farms are the reporting units, the writer believes that the weighted segment
should be fully explored as an alternative to the open segment. The sampling
variance per segment for the weighted segment is less than the sampling variance
for the open segment. We need to know more about comparative costs and coverage
error to get a clearer indication of the circumstances under which one method
might be better than the other.

In a situation where the closed segment is applicable to only part of the
questions, the closed segment might be used in combination with the open or
weighted in order to take full advantage of the closed segment. In the writer's
judgment, experience will show that the closed-weighted combination is better.
If experience happens to show that the weighted segment has low coverage error,
the question of whether to use the closed-weighted combination or only the
weighted might come into play because the latter has the advantage of using
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only one definition of & <cgment in the same surver . noidentally, with modern
computing equipment, the woeiphting of data should ne o ower he regarded as o
major obstacle to use of the weighted scgment,

In recent years, manv people have become very interested in remote sensing,
including the impact that 't might have on area camp!:ne and procedures for

making agricultural estinites generallyv. This is a rvoor subject involving a
large amount of conjecturce. [lowever, perhaps a fvw of the author's general

views are worth stating.

One short-range impact of remote sensing will he anoincrease in the demand
for "ground" data from a:so samples which can be cor-olited with sensor record-
ings. That demand is already developing. In a somewliit longer range, us
remote-sensing technology develops, information will jiobably become available
which can be used to improve substantially arca sampiing frames and the of f1-
ciency of area sampling. _his could result in rejor »odictions in the size of
area samples for some purposes, particularly for chasooteristics closely related
to land use and physical environment.

A large fraction of all agricultural statistics javolves quantitics or
activities that are not amecnable to measurement by ronote sensing.  But con-
sider crop acreages and vi- Jds. Is it possible that resote-sensing technology
could completely eliminate the need for collecting it on acreage and vields
by present methods?

The development of nodels for estimating or forccasting crop vields from
sensor recordings requires accurate data on crop yieiis from an independent
source, that 1s, measurcments on the ground. Asswni that practical opera-
tional models are develoned, o continuing need to i1 a-wve the structure of the
models is expected, and this will require, to sone o-tont, continued collection
of data on crop vields »v n-esent methods.  TFurtherme | changes in vields
arameters in the models

associated with technolocical advancements will chane

and require a continued otfort to update the models.  'his means ground ohser-
vations for a sample of ‘i-lds representing the ~arn. - »f conditions that are
involved.

A similar point appli-s to estimating crop acroes.  Models for interpret-
ing sensor recordings are required.  Probably the soidcls or parameters in the

models will always be subjoect to change. At best thi- will require a minimal
amount of area sampling on the ground that is concurrent with collecting sensor
data. Also, to serve the analytical purposes of som: Lam survevs, it is
necessary to have datu on -rop acreages and viclds "o tarms,  The only source

of such data is from operators.

One major foresecahlc Hotential for remotc v lies in the improvement
of area sampling frames, which results in a choice '+ twcen estimates of greater
accuracy or smaller samplc sizes to achieve present lovels of accuracy.  This,
of course, applies only to agricultural data that are at least moderately

correlated with informatiocn collected by sensors. Correlations of less than
about 0.6 or 0.7 are usually not high enough to he siicusly considered. A

second important foresecabl> potential is a basis for improving some kinds of
statistics for small arcns, such as counties or mart= of countics.
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Assuming that an adequate coordinate system for representing the boundaries
of frame units or segments on computer tape becomes operational, a large amount
of sensor data for frame units could become available, Thus there is a fore-
seeable potential for maintaining area sampling frames on tape, For some pur-
poses, such a sampling frame could be highly efficient with regard to sampling
variance. The computer could be programmed to supply well-designed samples for
specific purposes.
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Figure 3b.--Frame Unit No. 17 Divided into
Eight Closed Segments
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