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PREFACE

This set of training materials on conducting agricultural statistical programs
is the result of experience in training and consulting with officials of foreign
governments, and reflects the needs encountered by personnel who have engaged in
similar domestic assignments. The materials describe the sampling considerations
commonly required in collecting current agricultural data and providing evaluations
of agricultural census procedures. The approach used in presenting these materials
is that of a discussion of the concepts followed by a relatively simple illustra-
tion. When possible, a real example is presented in which the participants complete
a given unit of work. This approach is designed to satisfy the needs of survev
personnel and administrators who will have responsibilities for carrying out sur-
veys and who must be familiar with the essential concepts of sampling. Tt is
believed that the demonstration of the interrelationships between different survey
activities and alternative uses of information (that is, resources) should also be

beneficial.

One of the main objectives in preparing this module was to provide a fairly
complete set of materials for use in foreign training. A short training course
consisting of 40 to 50 hours along with informal discussions over a period of two
weeks is believed a feasible undertaking. The training materials are divided into
four subsections as follows: (1) an overview of sampling, (2) construction of
sampling frames, (3) random selection techniques, and (4) examples of agricultural

surveys including the preparation of estimates.

It is necessary to emphasize that this training module is not intended to be
a self-instruction manual, but rather an aid to be used by an instructor experienced
in sampling principles. Also, it is assumed that the participants in charge of
managing surveys will obtain additional training in sampling theory and survey

design.
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CHAPTER 1 - AN OVERVIEW OF SAMPLING

1.1 Concepts Underlying the Sampling Procedure

Information is needed about a group or a universe of objects such as persons,
farms, or firms. We examine only some of the objects and extend our findings to
the whole group. There are four elements in the process: (1) constructing the
frame to cover the population of interest, (2) selecting the sample, (3) collecting
the information, and (4) making an inference about the population. These elements
cannot generally be considered in isolation from one another. Frame construction,
sample selection, data collection, and estimation are all interwoven and each has

an impact on the others.

1.1.1 Information To Be Obtained

The information to be secured depends on the purpose for which the data

are to be used. However, several basic concepts are required.

A. The universe to be sampled needs to be defined. Are we going to sample
people, farms, households, etc.? 1In all cases, we shall be talking about
a finite universe. That is, the group of objects or sampling units con-

tained in the universe is limited.

B. For the universe defined, we shall be interested in one or more population
characteristics which represent different sets of measurements to be ob-
tained. These population characteristics correspond to content items on
the questionnaire or reporting form. For example, for each of the uni-

verses mentioned above, we might be interested in the following population

characteristics.

Universe of Population Characteristics

People Years of schooling; days with
illness

Farms Acres of corn; acres of
wheat; number of cattle

Households Number of persons in house-

hold; or income per household

C. Four common types of estimates are required:
(1) The population mean for the characteristic--such as persons per house-

hold.



(2) Population tetal for characteristic--such as acres of corn.

(3) Population proportion for characteristic--such as persons enrolled in

school divided by total number of persons in population.

(4) Population ratio for two characteristics--such as income spent on food
to value of housing unit, or quintals of maize harvested divided by

hectares of maize harvested.

Each of these types of estimates is defined in terms of population quanti-
ties. Thus, we refer to them as population '"parameters." We define each of
these below in mathematical terms where the symbols Vi and X, represent measure-
ments of characteristics for an individual unit in 4 universe of N objects. 1In
some cases the interest centers on whether the unit has a certain character-
istic, in which case, yi(J) indicates the unit has the characteristic and yi(O)

that it does not.

N
Eyi
— '= Y
(1) Population Mean - Y = 1N1 =W Hectares of Maize per Sampling Unit.

(2) Population Total ~ Y = NY, Hectares of Maizc¢ for All Sampling Units.

N
Zyi(l) ) Number of persons
i=1 S enrolled in school
P ion P rtion >~ P = o — = 7
(3) opulation Proportion = N N 7 Total number of persons
.Lyi(l or 0)
i=1
N
Xyi _ _
i=1 Y NY Y Quintals of Maize Harvested
P : s S = = — = ——— T = - .
(4) opulation Ratio R N X NX X’ Hectares of Maize Harvested
in
i=1

The purpose of sampling is to provide estimates of these parameters based on a
sample of the units from the universe. The estimates obtained from the sample
are referred to as '"statistics." The mathematical {orm used to provide the

1

estimate from the sample is referred to as the "est imator.'" Many of the esti-
mators look very much like the population parameter, i.e., they are "copies" of
the parameter. However, modern sampling theory has developed many alternative

estimators whose properties need to be known to avoid their indiscriminate use.



1.1.2 How Good Is Our Information?

A.

Sampling Errors

For whatever type of estimate we may be interested in, we hope the
"sampling error" will be small. This we measure primarily by the con-
centration of the sample estimates around their expected value for a
hypothetical population. The expected value is the mean value of all the
possible estimates based on a given estimator and sample size. This
measure of concentration is provided by the sampling error of the esti-
mator. Actually, it is not necessary to draw all possible samples to get
a measure of the extent by which sample estimates differ from the expected
value. By using sampling theory, it can be shown that, in simple random
samples of size n (fixed sample size), the population variance of the

sample mean § for selection without replacement is given by

vG) = 2

(1 - %) Si , where (1 - %) is the finite population

correction factor,

N N

1 =2 S 1
= —— - Y Y ==73
The sampling error of the mean is frequently needed, and is defined as
the positive square root of the variance of the estimate. In addition,
the relative sampling error is commonly used and referred to as the co-

efficient of variation of y, i.e. CV(y). Thus, there are several ways of

expressing the precision of the estimate.

(1) The relative error is:
V() = —-Lvé )

(2) Another way of expressing the precision of our estimate is by use of

confidence intervals for normally distributed means, such as:

y £ 2 Ny,
or v '3 YW(y) .

The choice of the multiplier 2 or 3 depends on the degree of certainty

with which we desire to make statements about the interval containing the



population mean. “he probabilities associated with the confidence inter-
vals are called contidence coefficients. In the discussions in Section L.2,
we will use the range ol the estimates rathwer thai the sampling error for
comparative purposes. The range is an efficient measure of variability

for small samples in = 20), consequently it wil! ne sarisfactory for our

purpose and easier L« obtain.

Nonsampling Errors

It is too commonly assumed that there are no reporting errors in the data
collected. Actually., errors of measurement or responses arce almost alwavs
present when information is collected. The problem is how to form uscful
estimates from the sample in the presence of «veh crrors.  Let us start
with a simple model to make the ideas clear. i1 the true {igure is v,

we will observe or measure a quantity y = v + « where ¢ Is the nonsam-
pling error with Ece} = 0 and V(e) = K. When we take a sample of
establishments, the espected value of the samplc mean will be H(§) + E(C): ¥
(the population meani. But the error of the ot 'mate is: V(;) + V(¢) which
is larger than the variance obtained when no rcasurcements or response errors
are present. In this case, the sample mean is nnbiased but its crror has
increased. 1If, however, the errors are deliberate on the part ot the
respondent, E(e) will not be 0 and the estimat. = subject to a Pias.
Frequently, larger vstablishments will undersiate the value of the charac-
teristic we are interested in and the smaller cnes will also understate the
true value. In addition, the data collected rom the same cstablishment
will differ from interviewer to interviewcr, =.nve interviewers have their
own concepts and whims about surveys. In this ci-c, we have a very diffi-
cult situation contronting us. The influence of the interviewers is
commonly controllced v using replicated sanple: ard assigning cach inter-
viewer one or more sanpling units in each sample.  Replicated sampling is
discussed in more dJd-1ail later. Further, an attempt is made to minimize
these errors by questionnaire design and enumciator training.  Thus, we can
see there arc manv kinds of errors involved when data are collected Trom a

sample of objects or from the whole group.
Suppose we want to estimate the average nurber of emplovees of a
universe of business 1irms by taking a sample of bhusiness firms. Some

firms may not know the exact number of emplovee~ working on a given date;



some may overstate it as a matter of prestige; a few may refuse to give the
information; in a few cases, the enumerator may record the answer incor-
rectly; in processing the data errors will be made; etc. Thus, errors of
various types may creep into the results. These errors are present whether
you take a sample or interview every unit in the universe (census). There
are also errors arising from unclear definitions either in the question-
naire or in the instructions to the enumerators. Also, you may not define
all the terms with mathematical exactitude and so you may not know exactly

what you want to measure. This brings about errors.

Some of the errors in the data are of the random type; that is, they
average to zero over the sample. This is generally the case when the
errors are not deliberate or intentional. Some units will be overstated
and others will be understated, resulting in a net difference near O.
There are other errors of a systematic type which are more serious. This
type of error will not cancel out over the sample, but will persist. Such

errors are called systematic errors.

Sample Size

It is generally assumed that the larger the sample the more reliable our
information will be. Certainly this is true for errors due to sampling
and technical biases in the estimator used. However, for most sources of
nonsampling errors the reverse is true: the larger the sample becomes,

the more likely additional errors are to be present and to be serious.

Sampling technicians are generally fully aware of sampling errors ana
biases due to the estimator used, but may be unfamiliar with or unable to
assess the impact of nonsampling errors on the survey. Also, the data
user may be unable to evaluate the seriousness of nonsampling errors.
Thus, it becomes almost mandatory to either pretest the survey procedures
the first time it is conducted or to do a postsurvey evaluation to measure
the extent of these errors. Likewise, surveys which are repeated at given
intervals of time may be expected to be subject to additional sources of
nonsampling errors due to longevity. Thus, it is essential to provide
resources to keep these various sources of errors in balance. In the
typical sample survey, sampling errors should be the major sources of
error, while in the typical census undertaking nonsampling errors are

almost always the major source of errors. Thus, the choice between a



sample and a complete census is primarily based on considerations other
than the level of errors, such as data needs and objectives:

(1) How soeon are the data needed?

(2) How much Jdetail is required for subuniverses or regions?

(3) How much money is available?

(4) How larwze and what type of organiration is available to manage

the work?

The control of sampling errors requires previous knowledge of param-
eters such as means, variances, ranges, or shaje of distribution for

population characteristics.

We shall not c¢xamine the use of all these sources for determining
sample size at this time, but merely point out cne way of using knowledge
of the coefficient ol variation. How maunv sample units n should be taken
from a universe ot N units? If previous information indicates what Y and
S, are, then the CV(y) can be used to estimat. the approximate sample size

Y
required, since

1
I-‘I)JZ = Relative Error Allowable

Vi) = -0

where the CV(y) aud the relative error are stated in the same terms, i.e.,

either as percentayes or as decimal fractions.

The purpose of sample survey design is to find ways of using informa-
tion and samplinyg theory to reduce the sample -ize or the errors in the
estimate through the selection technique, e¢stination method, or grouping

the universe units into strata.

1.1.3 Use of Informaticn in the Application of Sampling Theory

Collecting data is dependent upon using sampling theory. However, the
application of sampliny theory requires some knowl.odge of means, variances,
universe size, and other parameters if an efficient survey plan is to be
employed. If such knowledge is not available frenm earlier surveys or censuses,
the plan will almost surely not be as efficient as could be devised with it.
However, valuable intormation may exist in the form of what is referred to as
"supplementary information,'" or "auxiliary information.'" It is not unusual to
find that some information is already available for the various units composing
the universe. For cxample: (1) the number of inhabitants (or farms) in differ-

ent villages may be known from a previous census, or (2) geographical areas



1.2

based on cadastral maps may be determined, or (3) areas by broad categories of

land use may be available from photographs. It is important to make use of

this information for improving the precision of the estimates. This supple-

mentary information about some variable x may be used in a variety of ways,

such as:

A. Selection of sampling units with probability proportional to x if informa-

tion is available for the individual units, or

B. The available information may be used to form different estimators, such

as:
(1)
(2)
(3)
(4)

Reciprocal of probability of selection estimate (requires N)
Ratio type estimate,
Difference estimate, (require auxiliary variable(s))

Regression estimate,

C. Stratification of units into groups on the basis of information about x.

An attempt is made to make the strata (or groups) internally homogeneous

by placing in the same stratum units which appear to be similar. For this

purpose it is not necessary that quantitative values of x be available,

but only that the units be similar.

Survey Strategies Based on Auxiliary Information

1.2.1 Method of Selection

A. Equal Probability Sampling

(1)

(2)

The selection of each unit with the same probability constitutes the
fundamental method of sample selection. From a universe of N units
select one by giving equal probability (%) to all units. Make a
record of the unit selected and return it to the universe. If this
operation is performed n times, we get a simple random sample of n

units, selected with replacement.

If this procedure is continued till n distinct units are selected but
all repetitions are ignored, a simple random sample of n units,
selected without replacement is obtained. An alternative procedure
is to select the first unit with probability-%, the second unit with
probability E%I’ the third unit with probability ﬁ%f’ ...... , the

It can be shown that for either of

r . - 1
last unit with probability Nent 1
these schemes of nonreplacement sampling that the probability of a
e . . . . 1
specified sample of n units, ignoring order, is N
)
n



The estimation of the sample mean tor with replacement and non-
replacement simpling is the same, but tho -ampling error differs by
the constant mulciplier known as the "finite population correction

- . 1 )
" This factor is (1 - ﬁ) for with replacement sampling and

factor.'
n - RSl . -

(1 - N) for nonreplacement sampling. The 'nits are selected for both

schemes by use of a random-number table cortaining the integers from

1l to N.

Unequal Probabilitv or Sampling

Another method which can often be used to achicwve greater concentration of
the sample estimates around the expected valuce s to make use ol informa-

tion available for a variable x for each of th~ N units. It is necessary

that the variable x ne positively correlated with the characteristic being
estimated. The following example of a universe of units is given in

table 1 below. The units are selected by use ot a table of random numbers
containing the intewers from 1 to X = 250. Thur, the probability of

selecting unit #3 is greater than that of the other units.

The reciprocal 7 the probability estimator of the mean based on a
single unit 1is: Yy : PiN for either EP or UEP sumpling. It is clear from
inspecting the last -olumn on the right that uncqual probability selection,
in this case, leads Lo a greater concentration of the estimates around the
mean based on samples of size 1. The range of the estimates for EP sampling
is 9-67 and for UEP 22.50-30.00. The expected value for both methods is
27.0 and has the property of being unbiased ever though the individual unit

estimates are averaeed using different sets of probabilities.



Table 1--Small universe of 10 firms giving number of employees per firm

: Number

‘g Probability of : Estimate of
Auxiliary . . :employees: .
. , . selecting unit population
Unit : information . :on survey: .
on first draw mean from unit
label : : :  date
L C t Unequal : :
:Xe;SNg' i:plzyoz rggzgilit :probability: Y, : EP : UEP
: yrs. 4go.p Y.based on X : : :
1 '3 : : :
1 30 N .1 TZ-S_O— = ,120 31 31 25.83
L_ o, 15 ; ; f
2 15 N 1 250 = .060 : 15 ; 15 ; 25.00
1_ | .60 _ ; ) ;
3 60 N .1 250 = .240 : 67 : 67 : 27.92
1_ o, .18 ; ; i
4 18 N .1 250 = .072 ; 20 ; 20 : 27.78
1 12 : : :
5 12 N .1 :536 = ,048 ; 13 ; 13 : 27.08
L_ o, 15 ; ; ;
6 15 N - 1 350 = .060 : 18 : 18 : 30.00
1_ o, .10 f f f
7 : 10 N - .1 250 = .040 ; 9 ; 9 ; 22.50
1_ o, 20 ) ; ;
8 20 N .1 250 = ,080 : 22 ; 22 i 27.50
T S f :
9 45 : X= 1 350 = .180 : 48 ; 48 : 26.67
: 1 P oos _ : : :
10 : 25 N .1 :536-— .100 ; 27 ; 27 : 27.00
Total : : :
N = 10 X = 250 . 1.0 . 1.0 . Y = 270

1.2.2 Method of Estimation Using Auxiliary Information

A. Difference Estimation
The auxiliary information on x is used to estimate the change ; - x and this
is added to i, the population mean for the auxiliary variable. Since x and

v need not be the same characteristic measured on two different dates, the



general form for the difference estimator is as follows:
Y = ; - K (x - X): or for K = 1, when x and v 1 present the same

characteristic, VY = X + (§ - g)

where any value of K may be used (which is determined independently of the

survey data) but in onr example K = 1 since x aud y represent the same
characteristic. For all estimates obtained from table 1 using the EP method
of selection, E(?) = 7.0, which indicates the Jiiference estimator is un-

biased, with the ranse of the estimates being 24-12.

B. Ratio Estimation
Instead of estimating the difference between § and ¥ we may estimate the
ratio of the means trom the sample and multiply it with the known value of

X. The estimator

Y =X

MR |

is called the "ratio estimator," assuming that x # O.

The estimates are the same as those given in the right-hand column of table 1
when the EP selection method is used. Since all units were selected with EP,
the average of all ecstimates is 26.728, which shews that this estimator is
not unbiased. Howcver, the range of the estimates is 22.50-30.00 which is

the same as for the sample mean using the selection method of UEP.

C. Regression Estimation
Instead of making use »f the value K (which is independent of the survey) in
the difference estimator, we calculate the regression coefficient b from the
sample and use this in place of K. The estimator is ? =y - b(x - X). How-
ever, we cannot use this estimator for a sample of size n = 1, but require
n ° 3. This estimator is expected to be more precise than the difference
or the ratio estimators, but it is more cumbersone to calculate. In addi-
tion, only approximate formulas for its bias and variance are known. 1If
"b" were known or available for a large sample, the estimates for individual
units could be computed. For this small universe, "b" = .9976, and the
estimates derived using this value give a range of 23.96-32.08, based on

n=1.

1.2.3 Stratification of Units

Stratification implies that the units in the universe are grouped (or strat-
ified) on the basis of information about some quantitative or qualitative vari-
able x. An attempt is made to make the strata internally homogeneous by placing
in the same stratum units which appear to be similar. Then by selecting a

sample of a suitable size from each stratum, it is possible to produce an

10



estimate which has considerably smaller sampling error than that given by a
simple random sample from the entire population. The 10 units (table 1) are
divided into two strata of 5 units each, based on the X values. The smallest
units: 2, 4, 5, 6, 7 are placed in the first stratum and the remaining units
in the second stratum. The range of the estimates based on a simple random
sample of one unit from each stratum is 15.5-43.5. 1If a simple random sample
of size two is taken from the universe of 10 units, the range is 11-57.5. The

results of 1.2.1, 1.2.2, and 1.2.3 are summarized in table 2.

1.2.4 Exercises 1 and 2

Exercise 1:
Each student is to draw all possible random samples of size 2 from the
population of 10 units.
(a) Using EP sampling and the difference and ratio estimators, determine
the range of all possible estimates of the population total for these

two estimators.

Exercise 2:
Each student is to draw all possible random samples of sizes 1 and 2 from
the population stratified into two strata.
(a) Same as a) above.
(b) Using UEP sampling and the reciprocal of the probability estimator,
determine the range of all possible estimates of the population total,
ignoring the order of selecting the two units (i.e., there are 20

possible samples, 5 x 4, in each stratum).

11



Table 2--Comparison o! range of estimates tor Jitlerent sampling strategies

Expected f Range of estimates
Type of strategy used ) value e o e e S e
) of mean ; 1= ) n=>2
Sampling from entire universe::
EP - Estimator 1............: 27.0 9 - 67 11.0 - 57.5
UEP - Estimator 1...........: 27.0 22,05 ~ 30,0 24.62 - 209,36
EP - Estimator 2.......... .. : 27.0 24~ 32 1/
EP - Estimator 3............: 26.72% 210 - 300 1/
EP - Estimator 4............ i 3/ 27.0 2/0%040 - 32,08 2/24.966 - 30.066
Sampling from two strata:
EP - Estimator 1l............ : 27.0 - - 15.5 - 43.5
UEP - Estimator l...........: 1/ 1/
EP - Estimator 2............: 1/ 1/
EP - Estimator 3............: 1/ 1/
EP - Estimator 4............: 2/ 2

1/ To be completed by utuldonts before next session.

Z/ The sample is too small to compute the slope witnout an independent estimate
Of "bll

3/ 1f the estimates werc valculated based entirelv or sample data, the estimator

would be slightly biasel.

1.3 Acquisition of the Sampling Frame

A sampling frame is a means of gaining access to the universe we are interested
in sampling for factual intoermation about onc¢ or more poynlation characteristics. The
sampling frame is composed of units (frame units) which may or may not be the same as
the units in the universe. (onsequently, we have a basi. problem of developing a

t

linkage or building a bridye between these different tvpes of "units." We call this

linkage the ''survey operational rules,” which are rcquir.d for a particular survey

based upon a particular sampling frame.

Clearly, the most important step in sampling is acyuiring the frame, since

without it we cannot apply the principles of survey deoi .

1.3.1 Characteristiqiﬂgfwffames

An ideal sampliry trame is a list of distinct, clearly defined, mutually

exclusive sampling units containing all the elemerts- of a specified universe.



The individual sampling units may be natural units, artificially constructed
units, or some convenient reporting or working unit. It is not always neces-
sary to have a complete listing of individual sampling units. Clusters of
units may be used provided cluster sizes (the number of individual sampling
units contained in each cluster) are known and procedures developed for an

unambiguous definition of the individual sampling units within clusters.

We may characterize sampling frames in terms of their defects. It is
important that we keep these in mind when constructing and using frames. Char-
acterization of frames include the following: (a) A frame is termed inaccurate
if the units listed are incorrectly or imprecisely defined or if information
pertaining to the units is inaccurate; (b) a frame is incomplete if any units
of the population are omitted; (c¢) a frame contains duplication if some units
are included more than once; (d) a frame is inadequate when it does not cover
all the universe of interest in a particular survey; and (e) a frame is out
of date when it no longer reflects the universe, although it may have been

accurate, complete, and free from duplication at the time of construction.

(a) Inaccuracies in frame definitions of sampling units should be dis-

covered during the course of a well-designed survey, and sample data
may be adjusted so that valid inferences result. If control informa-
tion is inaccurate, the efficiency of a sample will be reduced, but

bias is not necessarily introduced.

(b) Incompleteness in the frame results in the exclusion or omission of

part of the universe. It wil' asually not be discovered during a sur-
vey. Incompleteness is often more sericus than it appears at first
sight, since it is often confined to units possessing some special

characteristic, which may be seriously underrepresented in the sample.

(c) Duplication has an opposite effect from incompleteness since the
duplicated units have more than one chance of being drawn. However,
this will almost always be a tedious operation, since it requires a

very careful review of each individual sampling unit.

(d) Inadequacy in the frame will usually be known before surveys are
undertaken from the specifications of the frame itself. Inadequacy
can and must be dealt with by construction of subsidiary frames for

omitted categories or groups.
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(e) OQut-of-date tranes are likely to be tound in sampling situations
where the basic sampling units may appear or disappear from the uni-
verse. The resulting deterioration is cxtremely troublesome in list
frames but is not an important factor tor irea trames. The only way

to minimize Lhis defect is to review the irame and bring it up to date

periodicallv.

1.3.2 Source Materjals {or Construction of Samplin: Frames
Auxiliary informationr may sometimes be acquired in the frame construction.
Frequently the source materials contain valuable julormation which can be used.

Examples of source materials for frame constru. tion

{a) A map of land area based on county mip:;
(b} Photouraphs ot land area;

(c) Citv directerv:

(d) Lists of blocks in a city or subdivision:

(¢) List of merhers of a trade association:
(f) List of farrs from last census;
(g) List of participants in government programs:

(h) Telephone divectory.

1.3.3 Types of Frame- !sed in Sampling Work

A

Population and Housnivy Census

Such frames are b.sod on listing places of abod. and have to be brought up
to date in order 1o take in the new construct o of the conversion of build-
ing for use as housity. The usefulness of sl {rames is enhanced if a
sample of arcas is selected from it at the time the census is taken, or

the census is tabul . .ted by areas.

Town Plans

Street maps of individual towns mav provide 1 :ruitable access to certain
universes of intcrest.,

Lists of Villages

In countries where households are clustered in villages, a listing of vil-
lages, may provide o satisfactory frame of households.

Directories of Lstablishments

Frequently, a business association, census or licensing of firms can be

used as a frame for certain kinds of businesses,

14



Area Frames

Generally, area frames are the most permanent frames, since the land area

changes very slowly in all countries. Two types of source materials are

found useful.

(1) Maps showing parcels of land by ownership.

(2) Special purpose maps showing roads, elevation, soil types, vegetative
types, etc. In addition, photographs of a country provide another

important source.
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CHAPTER ! - CONSTRUCTION OF SAMPLING FRAMES

2.1 Introduction

We have discussed some peneral concepts useful in sampling and the necessity of
a sampling frame in carrying out a survey or census. We now turn to the task of con-

structing sampling frames.

We will consider construction of two types of trames--area and list. The sam-—
pling unit in an area frame is some specific area of land; the sampling unit in a
list frame is usually represcnted by a name or address, ~r both. The major advantage
of an area frame for agricultural purposes is that it is complete, the entire uni-
verse being contained in the trame. A list frame, on the other hand, is to some
degree incomplete by the time it is assembled, since farms and firms are continually
being formed and dissolved. One of the greatest difiiculties with either type of
frame is clearly and unambiguonsly defining the sampling nnits or elements in the

frame. Success is measured in rerms of the following chiaracteristics:

1. Accuracy - In an area “rame, a map with peorlyv lrawn features may result
in an inaccurate me isu-ement of a sampling unit, or an unequal division of

sampling units.

2. Freedom from duplication - If units are indetinitelv delineated in an area
frame, the same arca might be included in more tlan one sampling unit.
Duplication in a list {rame may result from one olement being listed twice
with different descriptions (e.g., an agricultur.l operation listed by the

name of the owner and the name of the farm).

3. Completeness - A list frame is almost never complete because membership of
a group is continuallv in flux due to additions :nd departures. One of the
advantages of an area frame is that it is complete and the completeness can
be verified by inspection of mapping materials available in a central lo-
cation.

4. Timeliness —~ Area trames generallv can be constructed with minimal or no
field work and remain up to date for a relativelv long period because of

the difficulty and e¢xpense involved in changing te¢rrain. In contrast, the

elements in a list frame are hard to keep up to date.

It is of primary importance in constructing samplin;; trames to define sampling

units which both the interviewer and the respondent can identify. There are many
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available sources of information which can be used for frames -- soil maps, topo-
graphic maps, aerial photography, maps of population density, census enumeration or
supervisor's work areas, etc., for area frames; and census listings, telephone
directories, brand registrations, membership lists for industrial or commodity

organizations, and so forth, for list frames.

Sampling error can generally be reduced if the frame is stratified. The object
of stratification is to place sampling units into groups which are as alike as
possible within groups and as different as possible between groups. A list frame
might be stratified on the basis of income, size of farm, address, etc., depending
on the information available. 1In an area frame, population density is a common
criterion. Or, in a frame used to make agricultural estimates, stratification could
be based on crop or land use. It should be noted that while land-use stratification
is useful for broad categories, it is a highly subjective process which does not
lend itself to detailed, specific classification. Also, because frames are expen-
sive to construct, they should be general enough to accommodate different types of
surveys for a number of years even though the immediate needs may be for specializéd

surveys.

2.2 Construction of an Area Frame for the Dominican Republic

As an exercise you will be asked to construct an area frame stratified according
to land use for the Province of Salcedo in the Dominican Republic. You will subse-
quently select a sample using this frame. The frame will be constructed in two
major steps: first, classification of the land according to its use; and second,
construction of sampling units. Frequently, it is found in constructing sampling
units that the best use of resources (time and personnel) will indicate that only
very large primary frame units should be defined and that these should be classified
into strata. Then, only primary units selected in a sample are subdivided into
elementary units. Thus, two types of units are defined for the frame: (1) Primary
frame units (i.e., "count units") and (2) elementary frame units (i.e., sampling
units). You will be using topographic maps as your primary resource in the con-
struction, but the following other materials are also available: aerial photographs,
maps of soil type, population density, and vegetation; and agricultural census data

by municipalities.

2.2.1 Stratification Based on Land Use

Five land use groups were defined for the Dominican Republic and are given

later in this section. All five strata are present in Salcedo Province. Because
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coffec is an important crop and the tirst survev v to be a coflee survew,
Land where voftee Cunl lso cacao) was known to he olanted was put in a sepa-
rate stratum.  Cenerall | It is not possible or do--rable to stratifyv in such
detail for specilic crersy but coffee and cacoo v fadirly permanent crops and
mantikelv to chanve rapidiy with time.  The tollowv.one aaterials are included in
training set +#1 with ! v h vou will construct o o Tine trame tor one provinee

1. Two blank t.op taphic maps covering the 1y vince of Salcedo.

2. A sketch showing the strata constructod 1972,

3. Transparent o riavs showing connt i . oastructed in 1872

4. Two blank sheets Vtor listing count arits.
The materials in iters and 3 are to be usced by oo to o compare vour work when
finished with that deoe in 19720 There is no sinch or anique solution to the
construction of a sarmpliny frame; it i a matt. g ingy the best collective

judgment available.

In delineating ~tir:ta, use of natural physical ~oundarices whic
easily identified on 1t cround is 0 primary corcioration. Tven t
mav mean including some Tand which way not cortore -vact v to the |
stratum definition, this i« preferable to o bhoaw i which cannoet b
correctly by the inte vicwer.  Check the tevermd v a0 maps =0 von
nize the difrerent Hinds of culture, roads, dvel e, Tand tvpes i
the colors, etce.

Do not isolate vors small arcas of laod which com to conform
ent land use definiti . As a peneral rale, o less than four
kKilometers (two samplin: imits) should be separatd.

Large bodiecs oi water may boe veroved fror tos traone ind mav ne
considered as a special stratum if houseboats or L Yarms are
encountered.  Any bhodies of water that are preate: Uhon one square

should be outlined in tioe color of the stratum oo

cimding them and

1 e

‘out” or "special strotuan,

The following steps should then be performe.

A, Outline the o»rovvince boundary in bhlack.,

B. Outline the “ities.  These arcas should ow
street pattern, not just a crossroad with 1 few houses.,
boundary in -reen and shade it with vell o oohre.
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C. The province which you are stratifying is an important coffee-

producing area. Locate the areas designated 'cafe" or '"cafe and

|

cacao.'" Delineate these with a blue line and shade the inside

edge of the boundary.

D. Delineate the intensively cultivated areas in purple. These should
include most places where a crop other than coffee is indicated. On
photographs, these are the areas that would be expected to show a
large proportion of fields. On the topographic maps, these are the
areas that have some specific crop indicated or the color code indi-
cates it is cropland. More than half the area classified in this
stratum should be labeled with some specific crop on the maps (see

the legend on the map).

E. Consider the remaining areas on the map and distinguish between III
and TV. The best indications will be the amount of cleared land and
the number of houses. Stratum IV should have a negligible number of
houses, very little cleared land. It is frequently mountainous
areas. Stratum III should be drawn and shaded in green, Stratum IV

in orange.

F. After you have finished stratifying, put the maps together and be
sure that:
a. the stratum boundaries are continuous from page to page;
b. all areas have been stratified; and

c. all outlined areas meet the stratum definitions.

An alternative training set (training set #3) is also included for a
situation where aerial photographs are available for stratification. These
materials provide a second example which can be completed after training

set #1 is finished.
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Stratum I
purple

Stratum 11
blue

Stratum IIT
green

Stratum IV
orange

Stratum V
yvellow
ochre

Land Use Definitions

Intensive Agriculture

This stratum is cultivated land. Many of the crops will
he irrigated. Include tree vrvops, exclusive of coffee,
such as bananas, cacao, and plantain. Other crops will
include rice, sugarcane, maizc, tobacco, beans, and

peanuts.

Coffee and Cacao

This stratum is land in tree cover, devoted primarily to
the production of coffee and cacao above 100 meters.
LLimit this as much as possible to land where coffee is
specifically indicated. This stratum may include some

cacao where it 1is interplantoed.

Extensive Agriculture

This is a mixture of cropland and cleared land used for
orazing livestock. This is the most loosely defined
stratum and, in practice, it i= land which fits none of

the other definitions.

Nonagricultural Land

This is land in natural cover which supports very little
or no agricultural activitv. This will include mountains,

forest and swamps.

Urban

This is concentrations of population ranging from small

rural towns to major cities.
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2.2.2 Construction of Primary Frame Units

To identify all the sampling units in an area frame would be very time-
consuming and therefore expensive. If, however, the number of sampling units
in the frame is known and the specific area in which they are located is known,
then we can avoid splitting the area into individual sampling units. One way
of accomplishing this is by constructing primary frame units. A primary frame
unit is a specific area of land containing an assigned number of elementary
frame units (i.e., sampling units). Each primary unit has a given number of
sampling units. The primary frame units are commonly called "count" units,
because a count of the number of sampling units is available. The area in each
count unit is measured and this area is divided by the expected sampling-unit
size to derive the number of sampling units. A tolerance is allowed around the
expected size to permit the use of physical boundaries and allow the number of

sampling units assigned to a count unit to be rounded to a whole number.

When the universe has been completely divided into count units, the count
units measured, and sampling units assigned, a list is made of all the count
units, identifying them by location and number of sampling units. This list is
the frame from which samples are taken. When a sample is selected, only those
count units containing selected sampling units are split into individual sampling
units. However, it should be pointed out that, if only the total number of count
units in the frame are known rather than the total number of sampling units in
the frame, unbiased estimates can be made by using multistage sampling. This is
frequently the case when sampling units are identified in the field rather than

using mapping materials, especially maps or photographs which are quite old.
Construct count units for each stratum in Salcedo Province except Stratum V.

A. Boundaries
Count-unit boundaries should be physical, permanent boundaries which
can be identified on the ground, such as roads, rivers, railroads,
etc. Draw count-unit boundaries in the color of the stratum, but

do not shade them.

B. Size
Try to keep the count units within the desired size range. However,
this is not as important as using a good boundary. The size restric-

tion on count units is to make them easier to split at the time of
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2., Using a -rid

sample selection, but they should be iaree e¢nough to accommodate a

larger sampling-ummit size should this be

SUrvevs.
Stratum S.U. Size
. 2
I, Il 2 km
2
111, 1V 4 km”

Identification

Each count unit is identified by the numb

is located, a count-unit number, and its .

compute the number of sampling units to a:

1.

northeast corner and proceeding from

in an eftort to standardize

introduced

numbering of count units with similar
. . i8] Tt

ployed ir constructing “paper’ strata.

discussion.)

a. Count nnits are numbered within
count it numbered 1 for each str
b. Put all the map pages together and

thronghout the province.

(the one on the maps or o
the number of
practice, a planimeter is used to obta

of the area. Salcedo contains approxi

o
o

Number the count units in a serpentine

and climinate

in numbering the count unit:

1
¢caen

square kilometers in o i’

lesirable for subsequent

C.U. Size
2
12 - 24 km
2
2h - 48 km
v of the stratum in which it
irea.  The area is used to

snign to the count unit.

tashion beginning in the
1at to west. This is done
anv hias which might be
However, the consecutive
auriculture is commonly em-

Section 4.2.4 for

(See

stratum. There is a

atum.

number the count units

plastic overlav), estimate

1 count unit. In actual
in a more accurate measure

matelv 420 square kilometers.



3. Write the identification of each count unit on the map in the
color of the stratum.
For example: T - 3 - 16

This is count unit 3 in Stratum I and it contains 16 square

kilometers.
4. List the count units on the count-unit identification sheets,
preferably a separate sheet for each stratum. Include the map

page number, the stratum number, the count-unit number, and

the measurement on these forms.

2.2.3 Assembling Frame Units for Sampling

After the count-unit identification sheets have been made, the count units
can be assembled in whichever way best suits the needs of a particular survey.
In the Dominican Republic, there was interest in providing information for five
regions in the country, so count units were grouped by stratum and province in
geographic regions. Grouping could also be based on types of crops grown, size

of farms in the area, number of crops in a season, etc.

2.3 Use of Satellite Photography in Constructing an Area Frame

The launching of the first Earth Resources Technology Satellite (ERTS) in July
1972 has provided an additional source of information on land use. FEach ERTS (now
called LANDSAT) image (or '"frame') covers an area of 100 nautical miles by 100
nautical miles. The scale of the 9" x 9" photographs is approximately 1:1,000,000.
Monthly U.S. and non-U.S. Standard Catalogs and microfilm copies of the pictures are
available showing the areas for which imagery is available along with certain addi-
tional information, of which the percentage of cloud cover is most important. These
catalogs can be purchased from the U.S. Government Printing Office, Washington, D. C.
20402, and the microfilm copies may be ordered through the EROS Data Center, Sioux
Falls, South Dakota 47198.

An enlargement for an area covering the Province of Monte Cristi in the Dominican
Republic is included in training set #2. The enlargement is at a scale of approxi-
mately 1:250,000. We shall use this enlargement and transfer from the topographic map
the more important roads, rivers, and other natural features shown on the map for
reference purposes. Having transferred the main features identified on the map, we
shall proceed to construct the strata for an area sampling frame using the enlarged
ERTS image. In training set #2 are the transparent overlays showing how the stratifi-

cation and frame was constructed in 1972, without the ERTS picture on one map page.
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2.3.1

Primary Land Use Features

The stratificati.n of the land area into bro d tand use caterorices which
mav be helpful for aericalture is based on what e vhoto interpreter can see.
Obviously, the photo intorpreter's training and o povicnce are important ac-
tors in how well impert. ot o strata can be delioe ot Also, it is quite
important that the lard vse be known tor a number ot selected arcas within the
ERTS picture in order to (o the best job of strotit® -ation.  For the material
enclosed this additicr b information was not used. Ao oexample of the stratiti-
cation is shown in ti:inine set #2. The matericl incladed correspond to:

1. A portion ot an RIS photo covering Monte - risti Provinee.

28AUG72 € N2O=(5-W0T70-48 N N20-03/W070- "]

2. Transparent ovuer

M8 5

lav showing one possible tond-use stracrification.

3. A topographic rap covering the P'rovinee ot Monte Cristi.
4. Transparent o verlavs showine strata comet rcted in 1972,
2.4 List Frame Construction
An o ideal list frame woeonld consist of all the attrilares for a frame described
carlicer. That is, the list trame should consist of distinct, clearlv defined,
mutual ly exclusive sampling units containing 100 peroot ot the elements in the
population that it is desired to have an estimate fore “wich an ideal frame rarely
exists tor sampling or census work relatine to apricaltar-. Normallv, the list
frames which must be used vor aericultural purposes ore at of date and incomplete.
Generally, such lists were oot assembled Yor apricultors sampling but were the byv-
product of o program with diflerent objective.  Cocogpantly, the Tist constitutes
an imperfect frame.
An example of a1 Tist frome tollows which is desioned to give the reader some
insight into problems asser {oted with a typical lTist troe in the United States.
The fact that very few "naoturadd” list frames for asrive] nral sampling exist necessi-
tiates a certain amount of invonuitv in developing o frome that is operationally
uselul as well as valid and oflicient for sampling. L ooplete or specialized lists
are commonly combined to torr relatively complete froame- which can be used with an

arca frame emploving multiple-

2.4.1 List Frame Develop
There are several ph

sampling frame that conta

trame theory.

nent

ases of developing and v irtaining an efficient list

ins a large portion of the population of interest.
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The first and basic phase is identifying the best list source if there are many
sources available. This may be extremely critical because the task of merging
several lists together is difficult. This "best' list source should provide a
list of farm and ranch operators which represents a high proportion of each

province's crops or livestock.

The list source should also provide control information for purposes of
stratification. A large list of farm operators without control information is
no more efficient than an area sampling frame which is not stratified. The most
important piece of information about each list unit is whether or not the 'name"
has the survey item(s) of interest. It is also important to know the relative
size of each unit with the crop or livestock species. This size can consist of:
(1) actual inventory numbers, peak numbers during the year, or marketings during
a period of time; (2) an index created from more than one data item, or; (3) a

size code indicating relative size of operation.

The list frame must provide means to select samples with known probabili-
ties. Names on the list have to be associated with an identifiable operating
unit. Also, duplicated names must be removed when developing the list. If
several list sources are to be used, consideration must be given to increasing
problems of duplication removal. The task of identifying duplication in a com-

posite list is not an easy omne.

Defining operational arrangements (i.e., people and business arrangements)
is quite desirable to the extent possible. This is helpful in identifying dupli-
cation and in the classification of parcels of land that could be part of several
operations. Information on corporate or ranch names and names of all associated
partners is invaluable in applying appropriate procedures necessary for unbiased

multiple frame estimates.

2.4.2 Steps in Frame Construction Based on Name-Address Lists

A. Name and address units are assembled from the available list sources to

make the frame as complete and up to date as possible.

B. Identify and remove duplication of units with the same name and

address.

C. Determine procedures for associating frame sampling units (i.e., unique
names and address) and the population units to be surveyed for infor-

mation, i.e., farms, households, etc.
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D. Arrange list tor sampling by strata and ac-ivn each unique frame unit
(each line in the list unit identificarion heet) a number to be used

in random selection.

2.4.3 Exercises 3 and 4

At the end of this chapter there is an alpnal et « computer listing (retvped)
of names, addresses, auxiliary information and showing duplicated units removed
by crossing out the nawe-uaddress unit. The oricinas! list of 397 name-address
units was reduced to Y name-address units. The column headings indicate the

information shown for cach name-address unit.

Exercise 3:

Each student is to structure the list so the tr.ome consists of clusters
based on the city within «tate (columns 6 and 7) o1, it ne city is provided,
the county within statce tcolumn 3) in place of the oitv. After the clusters are

formed, record the numher of name-address units in cuch cluster.

Exercise 4:

Each student is to create an auxiliary variablio(s) for each name-address
unit for use in estimating livestock based on the ivectock auxiliary data in
columns 8, 9, 10. After vou have created the varishico(s), vou should stratify
the name-address units into no more than 12 strati. Since the auxiliary data
could also be used for unequal probabilities of sclevtion, or for a ratio esti-
mator, it is usually desirable to require the auxiltiary variable(s) Xi be
greater than zero. 1{ there is no data in columns %, Y, or 10 (i.e., a zero),
x, can be set equal to 1. If this is done, then L ratio is detfined for each
unit and division by zero will be aveided no matter what size sample is selected

later.

Two principle criteria are to be used in cor-tiucting the strata after
ordering the units from smallest to largest: either (1) the total measure of
size for all name-address units should be approximatelv the same for each
stratum, or (2) the square root of the largest measure of size should be
divided by the number of strata desired to yield the width of the strata: i.e.,
W = Vv largest X, S, Name-address units are then placed in strata based on

the magnitude of the square root of X
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CHAPTER 3 - RANDOM SELECTION TECHNIQUES

3.1 Introduction

After the sampling frame has been constructed, we need to develop techniques for
selecting samples so we may make inference about the totality of all units in our
population of interest. In chapter 2 it was indicated that the count units (or ele-
mentary frame units for the list frame) could be assembled in whichever way best
suits the needs of a particular data collection program. We then developed a label-
ing of the sampling units in the frame so they could be identified by the integers
from 1 to N. However, any arbitrariness for the sake of convenience, or special
purpose in listing of the frame units, may introduce unpredictable biases into the
ordering scheme. This can only be avoided by proper use of randomization in select-
ing a sample. We wish to use a sample selection scheme which can be repeated by
anyone who understands the technique being employed, but the units selected should
in no way depend on the individual making the selection. It is considered good
practice to record the steps in selection so they may be verified to insurc the
technique is being carried out properly. The selection schemes discussed can be
used with any survey design, but the selection methods are most frequently used to
achieve one or all of the following objectives: (1) greater efficiency in terms of a
smaller sampling error, (2) ease of summarizing the data prior to making estimates,

or (3) to insure proper execution of the sampling procedure by personnel.

3.2 Simple Random Sampling

This implies that the probabilities of selection for all sets of sample units of
size n are equal and each unit selected from the frame will have the same expansion

factor N.

3.2.1 Sampling With Replacement

The universe contains N units and we wish to select n units for the sample.
Let us suppose N = 850, then we develop a rule so that one and only one integer
between 1 and 850 is associated with a particular unit in the frame. To achieve
the selection of n units, we choose n three-digit numbers from a random number
table between 1 and 850. If we encounter a number greater than 850, we ignore
it because none of our units have been labeled with numbers greater than 850.
If the same random number is selected more than once, then the unit identified
by this number must be included in our summary or analysis once for each time

the random number is selected. We illustrate this for n = 10, using the
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random~number sheet attached at the end of this chapter. To guard against
different people (or the same person) always using the same set of random
numbers, we find a new random starting point in the table each time a sample
or replicate is selected by visualizing the table as consisting of a given
number of pages of C columns (25 per page) of three-digit numbers from 001 to
850 and R rows (40 per page) of three-digit numbers. We enter the table by
finding a starting column and starting row on a particular page. One proce-
dure by which we select a starting point in the table of random numbers is as
follows: On page one of the random-number table, the first one~digit number was
used to select the page. the second two-digit number selected the starting
column on the page, and the third two-digit number selected the starting row.
(In case any of the numbers exceeds the number of pages, ¢olumns or rows, then
we use the first number equal to or less than the maximum pages, columns or
rows.) We proceed from the starting point down the column until we have 10
numbers. If we do not obtain 10 random numbers before we exhaust all the num-
bers in the starting column, we proceed to the top {or bottom) of the next

column to the right (or left) until we obtain the 10 numbers.

The following two samples of size 10 were sclected by this procedure. The

starting points were: (1) page 2, column 08, row 40, and (2) page 2, column 21,

row 04.
Sample Number
1 2

551 : 219

: 479 : 667

Random Number Selected : 284 : 698
: 094 : 024

307 : 211

417 : 166

654 : 502

749 : 518

760 : 027

622 : 364

Since a random number (or three-digit integer) can occur any number of times in

our table, the probability of selection on any draw is and the probability

I_\I_,
N-
of not being selected *ﬁln Thus, the probabilityv of selecting each unit is
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constant, hence the probability of selecting the n units is

+ -+ ... += == =" or the expansion factor for the 10 units

0

A

1 n 10
85

~ 2Zr

\'
n terms

is 85, and for an individual unit, 850.

3.2.2 Sampling Without Replacement

The labeling of the universe units is the same as in 3.2.1. To achieve
the selection without replacement, we insist on n distinct random numbers be-
tween 1 and N. We proceed as in 3.2.1 except if we encounter a number
previously selected, we do not use it (or cross this number out) and simply
proceed to select the next number. The following two samples of size 10 were
selected using this technique. The starting points were: (1) page 2, column 04,

row 32, and (2) page 4, column 10, row 19.

Sample Number

1 2

543 : 574

: 241 : 360
Random Number Selected : 442 : 446
: 814 : 358
170 : 027

601 : 026

315 : 039

841 : 188

: 110 : 415
: 488 : 456

Since a random number cannot occur in our sample more than once, a universe
unit cannot be selected more than once. The probabilities of selecting a unit
from the units available on the successive 10 selections are:

1 1 1 1 1 1 1 1 1
»N-1’N-2’N-3’N-4’N-5’N-6"’N-7 "’ N-8"7N-9

1
N

and the probabilities of nonselection are:

N-1 N-2 N-3
N *N-1’N-2°7°

N-4 N-5 N-6  N-7 N-8 N-9 N-10
N-3 > N-4 > N-5 > N-6 > N-7 > N-8 > N-9 °
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o . . C o1
The probability of sel.ction for any of the n units {s - and of nonselection

N
N-1 . . :
N However, this muv not be immediately obvicus. Consider the probability
) . th . : .

of obtaining the 1t1 unit on any of the 10 possihl. elections.

. i 1
p(i) = P(1°" draw) = Peiy - 5

nd - : -1 1 L

: — . - A P N = e, e — = B
P(i) P(2 draw) Peio 1) P(i,2) N ] N

N rd ) - n . _ E\I;l ,N,—.i': _L _ _L‘
P(i) = P(3 draw) = P(i 1) P(1]2) P(il3) = Y e N_? © N

) = th i=t  N-2  N-3 ~N-4
P(i) = P(10 draw) = N N1 No2 N_3

N5 K—b  N-7 N8 N-9 1 _ 1
N-4 N-5 N-6 N-7 N-8 N-9 N
Consequently, the probabhility of selecting n units is N + §-+ — + + % = %
)
\
n terms
The expansion factors tor a sample of size 10 sre (i same as given earlier:
85 for the set of 10 units and 850 for an individual unit.
3.3 Random Systematic Sampling

The extreme popularity o systematic sampling is Jdue to convenience in use and

gains in efficiency which mav result from taking advantoye of natural stratification
which may exist in the wav the frame was assembled. [n fact, the frame should be
assembled (or reassembled) in such a way as to create the most efficient possible
ordering of the units so the sampling intervals will roughly correspond to some kind
of strata. However, the sampling intervals should not he viewed as strata unless
provision is made to obtain unbiased estimates of tlie sampling error. Rather, it is
proper to view a single systematic sample based on one random start as a special
kind of cluster. It should b+ noted that in using a single random number to start
the selection process results in only one cluster of units no matter how many times
the sampling interval is added to the random start. Consequently, it is not possible

to obtain an unbiased estimate of the sampling error.

3.3.1 Unclustered Units in the Frame

In this case, it was possible to directly identify each of the N units in

the universe with a sclecred random number. Commenly, places or names of people
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may be assembled in either an alphabetical order or by political units (or
geographic areas). It is seldom clear for an alphabetical ordering what kind,
if any, natural stratification may exist, but some type of stratification may
exist even though it cannot be identified. As a result, it is frequently
assumed that the ordering is equivalent to a random ordering for purposes of
approximating the sampling errors by treating the cluster as a simple random
sample of n units. Units listed by political or geographic order can frequently
be rearranged to create a stratification of the units which will increase the
efficiency. Or if information on the magnitude of some characteristic which is
related to the content of the survey is available, a more efficient stratifi-

cation will generally result.

We will consider a small universe to help illustrate the nature of the
clusters which are created by systematic sampling. Generally, the clusters
formed are much more efficient than the compact or contiguous units which could
be used to form natural clusters. The clusters formed in systematic sampling
are composed of units which may be scattered over the entire universe and hence
these units are less apt to be alike. This results in the variability within
clusters being increased while the variability between clusters is decreased.
When all units in a cluster are sampled, no contribution to the sampling error
is made by the variability within clusters. If N = 150 and we are interested
in samples of size 10, the universe will consist of fifteen clusters. The
sampling interval (i) will be 150 * 10 = 15 and a random number between 1 and

15 will be chosen to select a sample of 10 elementary units, or one cluster.
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Units f Random Numbers (i.e., ¢lusters)

Selected  ——— - —o—— oo e

By R.N. 1 23 4 ; 5 ; 6 ; 7 ; 89 ;IO ;11 ;12 ;13 ;14 215
Same as R.N. z 1 2 3 4 5 6 7 3 9 10 112 12 13 14 15
R.N. + 1 ; 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
R.N. + 2i ; 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
R.N. + 3i : 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
R.N. + 4i ; 61 62 63 64 65 66 67 68 69 70 71 72 73 T4 75
R.N. + 5i ; 76 77 78 79 80 81 82 83 &84 85 86 87 88 89 90
R.N. + 6i ; 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
R.N. + 71 2106 107 108 109 110 111 112 113 114 115 116 117 118 119 120
R.N. + 8i §l2l 122 123 124 125 126 127 128 129 130 131 132 133 134 135
R.N. + 9i §l36 137 138 139 140 141 142 143 144 145 146 147 148 149 150

Clearly, the selection of only one cluster does not permit calculation of
the sampling error. 1In order to insure an unbiascd estimate of the sampling
error in systematic sarpling, two or more clusters must be selected. Gener-
ally, the selection of two or more clusters of the type in our table are
referred to as replicated or interpenetrating samples, because each cluster of
10 units is spread over the universe in the same wav. The use of replicated
samples is required for estimation of sampling e¢rrors and frequently as a means

of evaluating nonsampling errors.

3.3.2 Sampling from the Dominican Republic Frame

We will consider several examples using simple random sampling and system-
atic sampling techniques for the Province of Salcedo for which the class has

constructed a sampling frame with five land use strata.

3.3.2.1 Selecting a Simple Random Sample

A. In sample selection, the first step is to decide on the size of
the average segment (the ultimate sampling unit selected for
enumeration). In the Dominican Republic, the sizes were as

follows:
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Stratum Size

1, II 2 km?
111, IV 4 km?
v 1/2 km?

All cities, no matter how small, were considered to have at least

one sampling unit.

Sampling units need to be assigned to each count unit. Divide
the area of the count unit by the expected segment size and

round the quotient to the nearest whole number to get the number
of sampling units for each count unit. List the sampling units
for each count unit. List the sampling units on the count unit
identification sheet in the column marked "S.U." Accumulate a
total of the sampling units for the province in the column marked

"CUM."

A simple random sample of segments is to be selected from
Stratum I. The starting point in the random number table is:

page 3, column 5, row 24.

To select a segment:

1. From the starting point, pick a random number from 1 to Nh

where Nh is the total number of sampling units in the particu-

lar stratum.

2. Determine in which count unit the selected sampling unit falls.

On a segment location sheet, record the segment number, the
stratum number, the count unit number, and the number of sam-
pling units in the count unit. The final column may be used
to record the name of the city for segments in Stratum V or

any other pertinent information.

3. Find the selected count unit on the map and divide it into
the assigned number of sampling units using the best available
boundaries. Each sampling unit need not be exactly equal to
the expected size. Size may vary within the tolerance range

stated below (commonly * 50%):
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Stratum Tolerance

b

I, I1 1-5 kaa”
ITT, 1V 3-5 km’
\Y 174374 an

4, Number the sampling units in the count unit beginning in the
northeast corner and proceeding i1 1 serpentine fashion as
before. Select one at random and identify it with the segment

number 1n red on the map.

We will onlv consider selection from Stratum I. Each of vou might

have arrived at a diitferent number of sampling =nits (or possibly even
different strata) {or Salcedo Province. However, you are to use the frame
you (or your team) constructed. The original f{rame construction is shown in

the sketch in trainiry set #1 with the followin: number of sampling units:
Stratum I - 89 S.U'., Stratum II - 115 S.U., Stratum ITI - 4 S.U., Stratum
IV - 2 Ss.U., and bStratum V - 3 S.U. The exampl: which follows was based on
this frame. Howcever, vou will nced to use the numbers for the frame you

constructed in the oxercise.

A simple random sample of 5 segments is to be selected without replace-

ment from the 89 5.1, in Stratum I. The starting point in the random num-
ber table was: pave 3, column 5, row 25. The units selected were: 04, 34,
72, 30, and 44. These are shown by the circlew on the sketch,

3.3.2.2 Selecting Replicated Systematic Samploes

Next, we consider a systematic sample of 5 units to illustrate the

nature of the 'paper' substrata which can be reated by the choice of the

number of substrata or sampling interval (sece scction 4.2.4 for discussion).
The purpose of this is to illustrate two points: (1) That a sampling frame
can be modified, 2ither to create additional «tratification or to modify

the number (or sizc) of sampling units; and () to show one type of paper
substrata based o1 ceographic proximity. Tf we wished to achieve the
maximum degree of narural stratification, we weculd have 5 "paper'" strata
and the sampling interval would be 89/5 = 17.%. To avoid fractional sam-
pling intervals and -o create 5 paper strata with equal numbers of sampling
units, we divided the largest unit into two units or the largest two ad-
joining units into three units. This results in the strata now containing

90 S.U., that is, 5 substrata of 18 units or a sampling interval of
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90/5 = 18. The natural boundaries of these paper strata are shown by the
dashed lines and with letters a, b, ¢, d, and e. A systematic sample of

5 §.U.'s is selected, or one cluster out of the 18 possible clusters is
selected. Using a random starting point on page 3, column 20, and row 13,
the random number obtained between 1 and 18 is 8, which results in units
numbered 8, 26, 44, 62, 80 being selected. These units are shown by the

X's on the sketch.

However, the usefulness of the stratification or the sampling error of
the systematic selection can only be shown if two or more replicated samples
of the same type are selected. This is normally a part of the postsurvey
analysis. We have looked at the creation of ''paper strata' within the land
use (or primary) strata. The structuring of the sampling units within a
primary stratum to create "paper strata'" is done (1) to insure a more repre-
sentative distribution (increased efficiency) of the sample as compared with
simple random sampling over the province, (2) to use a simple and conve-
nient method of selecting a systematic sample, (3) to provide a basis for
measuring the sampling error of a systematic sample, (4) to provide a post-
survey basis for analysis which may suggest a more efficient survey design
for subsequent surveys, (5) to enable assignment of interviewers to repli-

cates to reduce the influence of the interviewer on survey results.

It should be pointed out that while the nature of the frame modifica-
tion was very minor in this example (from 89 to 90 S.U.) there may arise
situations in which the modification may be more substantial. If, for
instance, the characteristic of interest occurs infrequently, it may be
desirable to increase the sample unit size, say from 2 km2 to 4 kmz, so
most of the sampling units will have present the characteristic which we

are interested,

3.3.3 Exercise 5:
Using the sampling frame constructed for Salcédo Province, each student

is to select two replicated systematic samples of size 5 in Stratum T.

3.3.4 Sampling from a List Frame

Several exercises in sampling from the list frame assembled in chapter 2
will be undertaken by each student. First, a sample of primary units (clusters)
based on selecting the first-stage units with probability proportional to the

number of second-stage units, then selecting a constant or fixed number of
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secondary units for each primary unit. The second vxercise will consist of
selecting replicated samples from each of the strat ¢ which were created in

chapter 2.

3.3.4.1 Sample Selection Using a Two-Stage Frocess

Twenty primarv mnits are to be selected using unequal probabilities
of selection with replacement based on the number of name-address units in
each city. In the arca frame, the count units would be analogous to the
cities and the segments would be analogous to “lic name-address units. For
the second stage in the selection, choose two name-address units using sim-
ple random sampling without replacement. 'This probability of selection
scheme results in each name-address unit having the same probability of
selection. When this feature is present, the simple is frequently called a
self-weighting design. The equal probability o! selection for each name-
address unit results because:

(1) The probability of selecting an indiv.dual primary unit is:

P(i) =
C

. i
i=1
. . . .th .
where M, is the number of name-address units in the i primary
1

unit and

-0

, 1
i=1
is the total number of name-address units in the C primary units

in the frame.

(2) The probability of selecting a seccondarv unit within a given pri-
mary unit is:
P(ili) =

M,
1

Or, the unconditional probabilitv ot selecting any name-address
unit is

P(i) - P(jl1) = ”é'l"" L

]

P(ii)

i=1

3.3.5 Exercise 6:
Using the strata constructed for the list frame in chapter 2, each stu-
dent is to select a simple random sample of five name-address units in each

stratum.
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RANDOM SAMPLE NUMBERS - Page 1

79367
09576
72496
02224
52692

18813
30242
05561
37189
47922

81624
21952
57092
13843
80293

21406
49668
26094
47909
58173

64745
25536
44043
27659
76014

71237
17026
59325
44091
23000

28299
13260
14154
29867
86576

50206
86779
44234
72096
11302

00812
97207
24767
48336
31224

16242
70545
82071
75671
56650

77395
84098
21315
09817
74502

00571
83991
51409
09994
45709

10614
74031
96215
95463
99818

06073
59008
08844
88505
73259

62619
79262
75795
45898
14344

22024
34622
18244
44459
04667

73

41365
33739
61768
14891
12185

40257
69128
07234
33879
40236

62310
28913
04731
09407
36925

87320
72088
21485
23750
83679

86371
31807
21270
53847
16606

57343
28543
95774
15575
68626

81550
55831
39465
66415
75889

56124
70859
31602
31449
32526

04515
78345
07228
72188
43065

66402
51528
67690
27411
66207

41501
55736
71877
88276
60184

81683
30210
94764
17351
82617

43244
70133
59427
40921
19713

51428
11576
49323
44927
98962

46798
83784
82353
89349
04514

50749
33045
38388
93182
64712



04808
71924
56410
38851
91428

40083
93419
03704
78181
45972

60898
40398
68245
27019
99868

87904
68851
71742
02742
56181

55355
78961
92654
13757
05776

71039
61672
42988
13652
53186

99531|
64882

89552
16144
10589

17141
10474
65516
90060
93572

63968
54180
76912
15248
88894

74135
41049
57223
48803
96052

61548
41072
97226
37719
85945

83083
01184
77983
16640
97859

47890 Starting 10690

6seps k629

00324 point
48244
64081

60617
72860
04631
06884
26611

17120
26191
47704

06414
18452
55283

15444
09551

Starting
point

¥
47991
94893
28404
99542
09454

30702
41796
654438
74904
76011

62264
65869
01222
66444
43769

53842
97190
66599
17823
67211

55988
09876
53434
84450
74651

60427
46438
58708
27896
97213

26486
88831
39900
88421
15018

56596
42983
19605
09310
82626

74

46064
82935
74525
27481
43308

31997
88285
20203
42627
03426

64603
87977
59516
25267
52239

59520
53984
86071
22093
61712

47309
18903
77025
02697
00216

78495
27698
42176
26907
19859

38744
97253
67135
90491
45600

63011
23931
34163
17048
38194

Starting
point

80467
99076
74212
21992
66753

69856
02448
21189
16638
50226

51866
02799
36438
05171
05919

23979
04773
01901
43907
54590

23749
30292
63892
60309
50842

99809
40652
67356
86760
41037

25943
67282
42772
83290
17241

24193
11789
86540
24243
58432



RANDOM SAMPLE NUMBERS - Page 3

22224
24473
38582
46094
91061

00397
14328
88534
97347
01366

37106
06476
81717
51583
50120

89761
88943
71685
17402
52606

66035
21565
88735

504@] Starting

80834

26872
16530
84644
88620
22209

04795
54291
30654
11123
56577

58987
16851
02104
54440
87681

24337
62557
02913
68706
05930

point

02627
42096
21871
43845
31674

56753
44708
87112
87316
72976

20523
70603
48410
69788
33884

23053
66660
97247
66300
39860

07223
30786
75275
80166
11317

72927
96086
00448
72894
78590

53971
56045
48543
08732
51257

02026
99197
49435
07893
42543

61634
25292
03885
87619
33213

91576
76920
14672
91838
73729

53158
72952
68614
73087
01868

21584
97122
94516
41758
83655

77480
11057
79368
94385
92127

76264
45403
03080
28017
93109

79021
17329
86828
94716
68615

14592
61635
18339
49393
83291

42969
70476
77706
31618
69847

52574
72781
58822
13846
78416

75

16781
88864
93362
79574
99315

71872
27048
83073
77135
51667

93712
44978

89184
54164
67981
08003
16699

68153
67887
88794
71883
63279

83654
78028

15427

85323

55004
88345

28683
98849
43710
01717
42588

29148
33782
77653
52611
91857

51571
87959
50552
84622
58113

39634
32186
65024
12911
12329

59144
77113
18924
35707
81848

83649
17186
82941
56197
00194

30992
69602

68324
29499
80365
96191
93307

68652
93424
55430
60012
47904

68825
23727
84832
49771
23727

03855
86651
33386
75803
17827

84349
46320
24957
65130
32034

28725
10393
43806
27151
91369



40083
93419
03704
78181
45972

60898
40398
68245
27019
99868

87904
68851
71742
02742
56181

55355
78961
92654
13757
05776

71039
61672
42988
13652
53186

47890
65654
00324
48244
64081

60617
72860
04631
06884
26611

04808
71924
56410
38851
91428

RANDOM SAMPLE NUMBERS - Page 4

17141 30702
10474 41796
65516 65448
90060 74904
93572 76011
63968 62264
54180 65869
76912 01222
15248 66444
88894 43764
74135 53842
41049 97190
57223 66599
48803 17823
96052 67211
61548 55988
41072 09876

97226 Startin 53434
377“9 8@450

85945 point 74651

83083 60427
01184 46438
77983 58708
16640 27896
97859 97213
10690 26486
34629 88831
17120 39900
26191 88421
47704 15018
06414 56596
18452 42983
55283 19605
15444 09310
09551 82626
99531 47991
64882 94893
89552 28404
16144 99542
10589 09454

76

31997
88285
20203
42627
03426

64603
87977
59516
25267
52239

59520
53984
86071
22093
61712

47309
18903
77025
02697
00216

78495
27698
42176
26907
19859

38744
92753
67135
90491
45600

63011
23931
34163
17048
38194

46064
82935
74525
27481
43308

69856
02448
21189
16638
50226

51866
02799
36438
05171
05919

23979
04773
01901
43907
54590

23749
30292
63892
60309
50842

99809
40652
67356
86760
41037

25943
672382
42772
83290
17241

24193
11789
86540
24243
58432

80467
99076
74212
21992
66753



CHAPTER 4 - EXAMPLES OF AGRICULTURAL SURVEYS

4.1 1Introduction

In this chapter some schemes and techniques previously discussed will be pre-
sented to deal with "typical" problems of agricultural surveys. This will be done
primarily through the discussion of two actual surveys and an analysis of the survey
data. The estimates and their sampling errors will be presented, based on making
the computation with a desk-top calculator. The students will also code and punch
one of the data sets for analysis with the computer. The listing of the computer
program is included in the appendix along with the necessary input cards for one of
the two surveys. However, no lengthy discussion of missing, incomplete, or the
editing of data will be attempted in conjunction with the examples, but rather it
will be assumed this function has been completed for each sampling unit prior to

preparing the estimates.

4.2 Some Design Considerations

The difference between a statistical investigation and one not statistical is
that with the statistical investigation, we are able, in the end, to evaluate the
main sources of uncertainty in the results. The more we know about what is wrong
with a result, the more useful it becomes. It is possible we may learn more from
what went wrong in a study than from what went right. Ability to evaluate the
uncertainties in a result is not an accident. Only by use of appropriate statis-
tical design, which will include statistical controls for the detection of blemishes
and blunders in the measurements, interviews, and processing, is it possible to
evaluate the possible effects on the results that arise from the chief sources of

nonsampling errors.

Use of a nonprobability sample (one where some element of human judgment
rather than random numbers enter directly into the selection of the sample units)
is worth no more than the reputation of the man who prepares the study. The reason
is that there is no way except by his judgment to set limits on the margin of un-
certainty of the estimate. Probability samples offer relief from the uncertainty
of the magnitude of sampling variation in a result. "Judgment samples' ignore the
problems of nonresponse and the biases introduced by it, but do eliminate occa-

sional high cost and inconvenience of travel.

The first question to ask when a statistical investigation is proposed is:

Can you get from any unit in the universe (person, household, farm, business
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establishment, piece of proon t), no matter how ven el -t it, the information that

vou require? It the answel oa oves, then ask a =eo 0 pvestion:  If you were to

clicit the desired inforzation from everw unit iv tic + versc, would the compila-
tion ot results be useful: !t the answer is ves (1 il scecond question, then a
statistical investigation 1ivht be worth considerat ton If the answer to either
question is no, then take . socond look: revise the i, or the method, or abandon

tie survev.

home survevs are particslarly difricualt to desipa oy efficiency because of
hiph cnsts for doing certniy required operations.  These are essentially of three
tvpes: those with (1) hici «oots of seeking out and “vvntitying the elements in the
universe to be surveved: sonetimes these are referred o as rare cases, (2) high
veats of making observatior: r collecting the desirca nformation, and (3) the case

whoer the planner is quit. ncertain what the cost: 0 the various operations might

o Pach o tupe s oconsidero oy oriefly.
4.0 High vost o or itving FElements for Speci. 1 Groups

Survevs directed o certain special groups mic be particularly difficule
to deal with because F righ costs and other probiy ns. A special group mav be
“dairy farms,” "cotioo carms,” land owners with larber for sale, households
with unemploved persoas, dealers in fertilizers, norsons with certain diseases,
olo. Generally, the 512 fal group is a subgrouy o1 some larger and generally
wore rramable’ oros 0 Loible group like: househerlds, farms, or business
cetablishments, voo. voocelements in the subiproan are not identified prior
toothe proposed surve. s oo is part of the burdes ot the survey to seek out and
Sentity the suboroe - bership. This seardls sroodure, frequently called
Soreening, i ocarefnt v ooarried out can be expensit and leave very little of

fee bidwet for obraicine observations on the subgroup itself. To deal with
the  roblem of ident s oy rare or special-prous o iements, sampling statisti-
o= nsually tollew -cceral procedures: (1) emplov 211 the appropriate and

cocan by kvown pria i e of sampling, such s: 0 oice of sampling unit
1 k Al »

aane Lt =ice to i a nearls constant o expeo od number of rare elements

o e bing st oo 0 o reasure—of - ize intormarien, stratification, double

[P P coor hiitherto anknown ie o0 stion on lists, ect imates

‘ B S opattern ol the groop o weents, innovation of more
T S te o e, vtes s and (3) joine o 0f pore than one sampling



4.2.2 High Cost of Information per Unit

In many rural communities, growers do not know the actual area planted to
crops, but do know how much seed, or how long (in days or hours) it took them
to plant the area. 1In such situations, it may be necessary to subsample every
kth planting and measure the field size with special workers using rules, tapes,
or other equipment to determine accurately the area planted. In sampling areas
planted to corn, wheat, rice, or coffee for yield per acre, the cost of deter-
mining yield per acre by some objective means (as crop cutting) may be very
expensive. It may be possible to get the grower's estimate of the yield for
a field (or farm) and then count heads (or beans) in the same field and take
sample heads to a central point for weighing or threshing. If the grower's
yield estimates are correlated with the more expensive determination of the
plant characteristic per unit area, this type of double sampling can be very
effective in reducing costs and providing yield data rigorously defined in terms

of weight per unit.

Obtaining data on crop input and other farm expenditures may require com-
piling records or very lengthy interviews to verify actual costs. It may be a
better use of survey resources to merely determine the different kinds or
categories of costs incurred for each farm in a large sample. Then in a
smaller sample, obtain detailed dollar costs per acre (or per farm) for the
crops or farm characteristics of interest. Such procedures involve two-stage
sampling to obtain the data which is too costly to secure for all farms because
of the length of interview, availability of respondent data, or special train-

ing of workers to secure useful data.

4.2.3 Unknown Operational Costs

The cost of performing each of the operations in a survey and of feasible
alternative procedures is seldom known with suitable accuracy, particularly in
the large-scale nonrepetitive surveys. In such cases, the planners frequently
need more information on costs and other operational matters, such as clarifi-
cation of concepts and definitions involved in data collection. While pilot
surveys cost money and time, which may reduce funds for the survey proper, they
can be viewed as a two-step survey that can lead to more effective use of avail-
able funds. Pilot surveys are also an excellent training device and are useful
for "debugging'' procedures. Since many surveys are repeated at various points
in time (for example, quarterly), the first survey can be viewed as a pilot or

smaller survey which will lead to more efficient surveys in the future. Where
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possible, it may be pruactical to conduct the pilot survey on fruit or tree
crops (which remain constant over time) for the first and smaller survey.
Also, the survey planncr will need to consider whether to use the same sample
repeatedly or to use independently selected samples for each survey. 1In
general, a mixture is desirable for most purposes, with approximately one-half

of the sample being changed for each survey.

4.2.4 Use of Paper Strata

A technique for creating substrata which arce referred to as "paper strata’
can be used to increase sampling efficiency without requiring detailed infor-
mation on auxiliary variables or on variances which is required for detailed
stratification and optimum sample allocation. Tt i< discussed at this point
in the course, since the paper strata are designed Lo satisfy the needs of the
data collection system. Additicnally, they make it possible to employ simple
sample selection procedures and summarization methods in calculating the esti-

mates and their sampling errors, using equal probabilities of selection.

The paper strata are assembled from the existing frame units to reflect
similar crop types (or tvpes of farming) as well as microgeographic stratifi-
cation within the primarv land use strata. Most of the information used for
this task is subjective in nature, being based on crop types by localities,
census data, elevation contours and houses on topographic maps, and other
local sources of informatrion useful for agricultura survevs. Using this in-
formation, a detailed stratification within the prinary strata is achieved.
If the purpose of the <data collection system is to obtain household and family
living information, the paper strata might be based on factors such as value
or type of housing, personal income, or ethnic background as well as micro-
geographic considerations. This type of stratification might be appropriate

even for an agricultural svstem within an urban land use stratum.

This technique may be used with a previously {.nished frame or a prelimi-
nary listing of units fer a new frame being constructed. It is achieved by
reassembling the listing of primary frame units (and occasionally subdividing
or modifying primary f{rame units) within a land use stratum in a new order so
that "like areas" are listed consecutively. Since the stratification is
achieved by a reasserbly of existing listing forms, they are called paper
strata. It is convenicnt to assign the same total number of sampling units to

each paper stratum and to select the same number of sampling units in each

80



4.3

paper stratum within a primary land use stratum. These two features make it
easy to obtain survey tabulations or additional tabulations which may be re-

quested for geographic areas.

The number of paper strata within a land use stratum is usually the same
as the number of sampling units per replication in an interpenetrating design.
Thus, the sample size (nh) for a land use stratum is a product of the number of
replications (mh) and the number of paper strata (kh); that is, n, = mhkh .
Since it may be necessary at a later time to reduce the sample size as the pre-
cision requirements are changed, it may be desirable to be able to reduce the
number of paper strata, (i.e., sampling units per replication). Consequently,
it is convenient to let the number of paper strata be a multiple of 2 or 4 so
that pairs or groups of four paper strata can be combined if a smaller sample
needs to be allocated to the land use stratum. Of course, the sample size can
also be changed by increasing or decreasing the number of replications. This
type of substratification and flexibility in setting number and size of paper
strata is believed to be well suited to the needs of countries making a major

modification in or developing a new data collection system.

Coffee Survey in the Dominican Republic

4.3.1 Background and Design

In 1970 the Secretariat of Agriculture was seeking technical assistance to
implement a system of sampling. At about the same time, the International
Coffee Organization in London was seeking to update information on the Dominican
Republic's coffee industry. The urgent nced of the ICO for special information
and the domestic needs for other regular agricultural data provided sufficient
demand to construct an area sampling frame and conduct a limited agricultural
survey. In March 1971, through the efforts of AID, the area sampling frame con-
struction was started by SRS personnel in Washington, D. C. under a PASA
agreement, using available cartographic materials and aerial photographs. 1In
January 1972 the completed materials and a sample of 160 area segments selected
for the first survey on coffee were shipped to the Secretariat of Agriculture.
In addition, the Statistical Reporting Service was asked by AID to provide
technical assistance in training, conducting, and coordinating a system of agri-
cultural data collection through preparation and interpretation of estimates.

An SRS individual was assigned to assist in this task for a two-year period.
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The sampling plan for the first coffee and civao survey was a stratified
replicated (or interpenctrating) design. Two primarv strata were the lnten-
sive Coffee and Cacao Stratum and the group ot (he remaining four land use
strata in the area irame. Within each of these piimarvy strata, 20 equal-size
paper strata were creat.! in Stratum Il and 10 equal-size paper strata in the
combined Strata I, [l, 111, 1V, V. The paper strata were developed bv listing
the frame units by geographic areas within the provinces and across provinces.
It was generally possible to develop similar land nse areas across boundaries
by making several alternative or preliminary listirgs of the frame units prior
to adopting the final paper strata. TIn addition, five geographic areas were
identifiable in the two primary strata. Within ¢uwh stratum replicated system-
atic samples of size 10 ind 10 were selected, starting with a random number in
the first listed pap«r <.ratum and using nonvrepla. «mnt sampling for successive
samples of size 20 and 19. LEach selected rep.ic i+ constituted a cluster of
size 20 (or 10) for »nalssis purposes, since cact ~ampling unit in the frame is
assigned to one and onlv one cluster of size 20 (Hr 10) within each stratum.
Each cluster so choser ontains one segment from each paper stratum which in-
sures representativencss in terms of the geographic and crop type pattern

present in the frame is ‘-onstituted.

The sampling unit size was based on expericence (n the United States with
modification to accommo:late the availabilitv of natural boundaries and expected
number of farms per unit area. In the intensel., n moderately cultivated areas
ample natural boundaricvs appeared to be available and the average size of hold-
ing was expected to be small. Consequentlv, a saopling unit which would average
two square kilometer= was chosen. At a later time cach sampling unit can be
split in half if either the postsurvey analysis or .ost considerations indicate
a smaller unit of one square kilometer would be deemirable. In the populated
places a sampling unir ot one quarter of a square kilometer was used and in the
extensive marginal agricultural area a unit of four square kilometers was used.
Obviously, smaller samp!ing units could be obtained bv subdivision at a later
date. Consequently, the size of the sampling uni: (i.e., segment) in Stratum ]
was two square kilometers and in the group of strata (I, ITIT, IV, V) was either
1/4, 2, or 4 square <ilometers, depending on whic. of the four land use strata
the sampling unit was selected from. However, cach replicate in the group of
strata (I, III, TV, V) was expected to contain tli- =ame proportion of 1/4, 2,

or 4 square kilometer units. The use of the five strata for later surveys was



recommended to permit maximum benefits from stratification and minimum vari-

ation in sampling unit size within strata.

The Sampling Frame Configuration and Sample Size for
the Initial Coffee Survey

: , ¢ Total : Sample :Number of : Number of
Expected S.U. size . .
: : number :allocation:replicated: paper strata
Strata . . . : i
' Frame Coffee : SﬁU' :(no. S.U.): samples :(cluster size)
: survey h : =T : =My ;0 = Ky
5 5 ? .
II 2 km 2 km 978 120 6 20
2
I 2 km 3,193
: 9 : : : :
TI1 : 4 km" 5 3 7,873 40 : 4 : 10
: : 3.4 km : : :
: 9 :
v : 4 km" o : 2,784
2
v 5 km 261
: 2 : :
:3.3 km :15,089 160

Each segment within a stratum was selected with the same probability, which
makes it possible to do most of the summarization without expanding the data.
While the sample size for the noncoffee stratum (I, III, IV, plus V) was believed
to be smaller than desirable, it was anticipated that a much larger general-
purpose survey would be conducted later in the same year. Consequently, a
second estimate for these strata would be available and could be expected to
have a smaller sampling error. The basis for estimating the total tareas of

coffee and its sampling error squared is given below.

Let
1/ . .th .
xhij = the total tareas™ of coffee reported in the j segment (S.U.) in

th
the ith replicate of the h stratum (values given in table 3)
1/ 15 tareas = approximately 1 hectare
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. ) .th )
X = total tareas of coffee reported in the I replicate of the ht

hi-
stratum (column totals in table 3)

h

replicate

Thi = estimated total tareas of coffee for stratum based on ith
N N
I T N
kh j=1 hij kh hi-
Th = estimated average total tareas of coffec for the hth stratum
1 Tho
"o Thi
M =1
Nh = total number of segments (S.U.) in stratum (subpopulation)

. . th
number of segments in cluster in h stratum

, th
= number of clusters in h stratum

= S

j=
=
I

moo- kh = number of segments in stratum

and the variance of the estimated total is
. - 9
—_ T
R T

vGy -
h i=1 m (= 1)

4.3.2 Calculating Estimates and Sampling Errors

A summary of the reported tareas in coffee by segment for three

of the

replicates in Stratum TI and two replicates in the other stratum are presented

in table 3. The estimate of the total tareas planted to coffee and its sampling

error can be derived, based on two alternative methods of summarizing the survey

data. The two methods produce identical results. The first method is based on

working with unexpanded data by segment, cluster, and stratum given in table 4.

The computations with the expanded data are left as an exercise for the student.

The estimate and its sampling error for Stratum Il are given below for system-

atically selected replicated samples.

The wvariance is:

2 2 2 2
V(X ) = 17976" + 20799 + 22994~ - (61,769 @ 3) - 6,327,946
i 2

and variance for average replicate

V)

v(ih) = —5— = 2,109,315
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where Xhi the reported total tareas for the replicate (i.e., cluster)

*h

the average reported total tareas for all replicates in Stratum II

20,589.67

and the coefficient of variation of ih is

= v2,109,315 .
CV(Xh) = m— = ,07054 or 7.05%

or, using table 1, the expanded replicate total Thi = (48.9)Xhi .

Hence, the estimated total tareas of coffee for the stratum is:

Th = (48.9)Xh = 1,006,835.

The variance of T, , is
hi

— 2 —
V(T, ;) = (48.9)7 V(X ) = 15,131,447,755

o Iy 2
= = X = 2 .
and V(Th) 3 (48.9)° . V(Xh) 5,043,815,121
Therefore
= ._ v5,043,815,121 _ .
CV(Th)— 1,006,835 = ,0705 or 7.05%

4.3.3 Postsurvey Analysis

Although the survey error has been derived based on the sampling procedure
used, the question of whether there was either a more efficient or equally effi-
cient method of selecting the sample can also be answered for several alterna-
tive schemes. Consider three methods of selecting a sample of 60 segments from
the 978 in the stratum: (1) A sample stratified by paper strata; that is, a
simple random sample of 3 from each of the 20 paper strata, (2) a simple random
sample of 60 without any paper strata, and (3) the three replicated samples
using the paper strata to provide or control geographic dispersion of each repli-

cate. This estimate and its sampling error were computed in 4.3.Z.

Method 1: The postsurvey analysis of expected sampling errors is based on the
selection in each paper stratum of independent random samples of size m. A
variance is computed for each paper stratum (rows in tables) from the m segments

and "pooled" (or averaged) across all paper strata. (See table 5.)
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: V(X )
20 v( ) . h i .
- a = : 0,355,251
VR ) = w M S 2 g = T 51,750,
j=1 mhj )
and the coefficient of vari:tion based on this strariticd method of sampling is:
- Y 0
V(R ) = Y3451, 7150 902 or 9.027
20,589.6
wiiich is slightly less efficient than the systematicaliy selected replicates.

Or, based on the expanded population totals by paper sirata, the estimate and

its variance are:

T =N X} = (978)(1029.48) = 1,006,831
h 1

- 2 -
V(Th) = (978) V(Xh) - 8,253,854,335

and o

e _ ¥8,253,854, 3% o

LV(Th) = T1.006.83% = .0902 or 9.02%
Method 2: The postsurve. analysis of expected sampl!ing error is based on select-
ing a single simple randcn sample of size 60 (i.e., nlhi = n]). A result given
by Cochran, 2nd Edition, page 139 is used to derive the variance for a frame
without the paper strata.

2 2.2
k k W S k W, S k 2 k
2 : . . - o - 2
V(x) = wksk - i'k + Kk + X wkxk - (= wkxk)
j=1 j=1 "k j=1 ™k j=1 i=1
where k = 1, 2 ... 20 (number of paper strata), and u,_ = sample size in a stratum.
Nk 1
Wk = ﬁ—-= §6>; since all paper strata are the same size
= N = = N
N K
2 . Lo
Sk = variance within paper strata (see col. 3, table 5).
517,762 517,762 34,708,000 427 U3 628

= - 2 2 - 1o2 s = 1,02

V(x) 517,762 3 + €0 + 20 00 ,020,746

- 1,020,
V(R) = V&) _ 746

nh 60

= 17,012,4 (for segment mean).
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The population total for a single random sample in Stratum I is:

T = Nli = (978)(1,029.48) = 1,006,831

and

V(T)

Ni V(R) = (978)% 17,012.4 = 16,272,120,284

v16,272,120,284

V(D) = =1"006,831

= .1275 or 12.75%

The relative errors for each of the three methods of selection in order of
magnitude are:
12.75% (for method 2)
9.02% (for method 1)
7.05% (for method 3)
The simple random sample is much less efficient than either the systematically
selected replicates over paper strata or a sample stratified by paper strata.

4.3.4 Exercise 7:
Each student is to compute the expanded estimates for table 4 based on each
segment for the grouped strata and derive the estimated population total for the

country and its sampling error.

87



Table 3--Reported tareas of coffee by segment and subsample

Subsample or Intense coffee : Other stratum
replicate :  and cacao stratum (II) o (r, 111, IV, V)

No. (m):

Segment or 1 2 3 : 1 2
paper strata No. (k) o o _
1 (Xh,_) : 1010 886 1687 : 1933 369
2 H 350 65 432 : 1 0
3 1801 4205 4737 : 0 0
4 1248 336 2828 : 0 265
5 200 70 426 : 8 0
6 1117 1071 2132 : 1352 23
7 449 153 729 : 0 427
8 : 730 75 1718 : 0 0
9 : 1145 650 781 : 0 0
10 : 08 350 169 : 0 1787
11 : 1664 775 4
12 : 86 2128 373
13 : 1462 884 490
14 : 1186 369 506
15 : 2432 2328 1890
16 : 202 324 311
17 : 137 342 809
18 : 2217 3056 1220
19 : 0 2351 1500
20 : 30 381 252
Total for : :
replicated (Xhi) : 17976 20799 22994 : 3294 2871
Expansion factor : N : N
for replicate : L. 978 48.9 : 2 L7 1491.7
n 20 n 10
1 : 2
Average replicate : '
total (ih) : 20,589.67 : 3,082.5

Average expanded : :
total for _ : 1,006,834.86 : 4,598,165.25
population (Th) : :
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Table 4--Expanded tareas of coffee by segment and subsample for one stratum

Subsample or

. Intense coffee and cacao stratum ) Other stratum
replicate :
No.(m):
Segment or : 1 2 3 1 2
paper strata No.(k
1 49,389.0 43,325.4 82,494.3
2 17,212.8 3,178.5 21,124.8 To
3 88,068.9 205,624.5 231,639.3
4 61,027.2 16,430.4 138,289.2
5 9,780.0 3,423.0 20,831.4
6 54,621.3 52,371.9 104,254.8 be
7 21,956.1 7,481.7 35,648.1
8 : 35,697.0 3,667.5 84,010.2
9 : 55,990.5 31,785.0 38,190.9
10 ¢ 24,841.2 17,115.0 8,264.1 completed
11 : 81,369.6 37,897.5 195.6
12 : 4,205.4 104,059.2 18,239.7
13 : 71,491.8 43,227.6 23,961.0 by
14 : 57,995.4 18,044.1 24,743.4
15 : 118,924.8 113,839.2 92,421.0
16 : 9,877.8 15,843.6 15.207.9 student
17 : 6,699.3 16,723.8 39,560.1
18 : 108,411.3 149,438.4 59,658.0
19 : 0 114,963.9 73,350.0
20 : 1,467.0 18,630.9 12,322.8
Population total by :
replicates (Th) : 879,026.4 1,017,071.1 1,124,406.6 :4,913,659.8 4,282,670.7
Average population :
total (Th) : 1,006,834.7 : 4,598,165.3
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Table 5--Means and variances of paper strata for Stratum II

Means of : Variances for
Paper strata
paper strata : paper strata

1 1,194.3 : 185,884

2 283.0 : 37,243

3 3,581.0 : 2,447,056

4 1,470.0 : 1,589,701

5 232.0 : 32,452

6 1,440.0 : 359,677

7 443.7 : 82,965

8 : 341.0 : 684,103

9 : 858.7 : 65,780

10 : 342.0 : 28,774

11 : 814.70 : 690,060

12 : 862.3 : 1,222,026

13 : 945.3 : 239,017

L4 : 687.0 : 191,443

15 : 2,216.7 : 82,737

16 : 279.0 : 4,489

17 : 429.3 : 118,616

18 : 2,164.3 : 844,804

19 : 1,283.7 : 1,416,900

20 : 221.0 : 31,521

Total all strata : 20,589.6 : 10,355,251
Average per paper : 1,029.5 : 517,762

stratum

90



4.4

Tunisian Acreage and Livestock Survey

4.4.1 Background

The 1974 Tunisian Acreage and Livestock Enumerative Survey (Base Line
Study) had its start with the Livestock Project initiated by AID in Tunisia,
which is aimed at increasing livestock production through an extension program.
For their project to be successfully evaluated at its conclusion, AID felt it
would be necessary to obtain additional information concerning the current
agricultural situation in Tunisia. In particular, they needed a study of farm-
ers having livestock to obtain certain sociological information on the Tunisian
livestock producer and the characteristics of livestock operations in the five
northern gouvernorats. As the study developed, certain other information was

deemed necessary and thus the following purposes for the survey evolved:

1. Develop a profile of livestock producers determining such items as the level
of education, size of household, amount of hired labor, sources of agricul-

tural information, ability to use agricultural information, etc.

2. Determine land use, the extent of crops complementary to livestock activity,
availability of forages and grains for feed, and the extent of crops com-

petitive to livestock, such as vegetables, fruits, and food grains.

3. Determine livestock base information, including inventories and classifica-

tion of cattle and sheep.

4. Examine current practices of livestock producers, including feeding and

grazing practices, housing practices, etc.

In late 1973 the Statistical Reporting Service of the U.S. Department of
Agriculture was contacted by AID and a tentative project developed. A team of
technical consultants consisting of three SRS employees was assigned to the pro-
ject in January 1974. The team's first work in Tunisia occurred in late
January. The bulk of the Tunisian personnel involved in the project was sup-
plied by the National Institute of Statistics. They provided a group of nine
technicians to construct the frame and select the sample and approximately 45
people to serve as field enumerators and supervisors. They also provided overall
leadership in questionnaire design and conduct of the survey. Other agencies in
Tunisia provided input in the scope of the survey, questionnaire development and

limited personnel in the actual survey work.

The pretest survey was conducted in early March and provided good results.
The actual survey took place in May 1974 with training of field personnel

occurring the last week in April.
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Four land use strati were distinguished for the five northern gouvernorats

of Tunisia. The definitions of the four strata were:

I. Cultivated - All land which has been worked or improved in some manner was
included in this stratum. The only excepuions arce those areas where vine-

yvards or orchards wcre extensive enough to be placed in a separate stratum.

II. Noncultivated - The major component of this stratum was the national
forests; it generallv consists of either woodland or brush. Mountains
which for the most part have little or no vegetation were included. The
personal knowledge ot the Tunisian stafi contributed greatly in each spe-

cific decision councerning the inclusion of nontorested land in this stratum.

IIT. Urban - This stratum consists of intensively pepulated areas such as cities
and villages. Each city or village musl have an area of 1/4 square kilo-
meter or more to be included. The topographic maps which were used for
stratification werc unsatisfactory for delimiting the cities and villages
because of their scale and age. Contact phots prints (scaled 1/12,500 and
1/25,000) were ordered for each city or villape and used in the stratifi-
cation process. Th~ latest photographs available for this purpose were
taken in 1962. It was recognized that the c¢it-es and villages may have
expanded since the photos were taken. However, these problems may be

treated on an individual basis whenever thev arise.

IV. Arboriculture - All vine and tree crops specitically designated on the
topographic maps were included in the stratur. It was recognized that these
may have changed; however, it was determined that circumstances did not per-
mit extensive field work to update the maps. Vineyards and orchards which

were known to be cleared were omitted, but no new plantings were included.

After the preceding land use strata definitions were developed, the actual
stratification process began. This consisted of sepregating the land area on
the maps according to the strata definitions using available physical boundaries
such as roads, trails, streams, field edges when necessary, etc. After all land
area was classified into one of the four strata, each stratum was subdivided into
small areas ranging f{rom 1/2 to 30 square kilometers, depending on the stratum
definition. Each of the smaller areas within strata, referred to as count units,
was planimetered to determine its area. Sampling units were assigned to each of
the count units by dividing the area of the count unit by the desired area of the

sampling unit and rounding the result to the nearest whole number. Sampling unit
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size was approximately 2 square kilometers for Strata I, II, and IV, and 1/16

square kilometer for Stratum III.

The count units were then numbered in a serpentine order, starting in the
upper right-hand corner of each map page, and a list was prepared showing the
number of sampling units for each count unit. From this list samples of count
units were selected with probabilities proportional to the number of sampling
units in each. The count units were then subdivided into the assigned number
of sampling units. A sampling unit was then randomly selected from those in the
selected count unit. The selected sampling unit was the segment to be used in
the field enumeration. All segments within a stratum had the same probability

of selection.

At this time enlarged photographs at 1/6,250 or 1/12,500 scale were ordered.
Upon receipt of the enlarged photographs the boundaries of the segments were
transferred from the maps to the photographs. In some instances, it was appar-.
ent that the segment was too heavily populated for efficient enumeration and
therefore they were again subdivided into equal parts, a random part selected
for enumeration and the probability of selection adjusted. Maps showing the seg-
ment location, the enlarged photograph for each segment, and plastic grids made
to the scale of the photographs were then included in kits for use by the field

enumerators.

The Sampling Frame Configuration and Sample Size for the Initial Survey

Total : Sample : Number : Number of
Expected . .
: number : allocation : replicated : paper strata
Strata S.U. .
: cize : S.U. : (No. S.U.) : samples :(i.e. cluster
: Ny = Oy : = Oy : size) = Kp
1 2 km® ;8,998 270 : 18 : 15
IT 2 km2 : 3,826 : 36 : 4 : 9
III : 1/16 km2 : 2,000 : 35 : 7 : 5
v : 2 km2 : 286 : 18 : 6 : 3
359
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4.4.2 Calculating Estimates and Sampling Errors

A summary of the expanded hectares of barlev by segment and stratum are
presented in table 6. The expanded hectares are derived by multiplying the
reported segment data hv 600 for Stratum I and 42f for Stratum ITI. The figures
600 and 426 represent the total number of frame units in the paper strata for
the respective land use strata (i.e., primary strata). The estimate and its
sampling error squared .are derived using the same formulas as given for the

Dominican Republic case.

Table 6--Expanded hec -ares of barley by segment, replicate and stratum

Segment f Stratum T f Stratum II
or paper e - el -
strata ; Replicate (m) ; Replicate (m)
No. (k) : 1 2 3 ) 1 2
1 (ih,_) 633.6 4,346.1 1,207.8 932.5 8,206.0
2 + 0 782.1 0 : 596.8 0
3 3,148.2 0 821.7 2,945.7 0
4 396.0 891.0 514.48 8,392.5 857.9
5 0 0 0 0 0
6 158.4 1,247.4 1,386.0) 0 0
7 99.0 0 2,890.8 186.5
8 148.5 277.2 0 2,704.3 167.8
9 : 574.2 1,326.6 702 1,678.5 2,424.5
10 : 0 0 N
11 : 198.0 0 990 .1
12 : 1,178.1 643.5 475.2
13 : 693.0 0 574.2
14 : 1,881.0 2,871.0 613,
15 : 1,009.8 831.6 1,435.5
Population . .
total by rep- - 10,117.8 13,731.3 8,741.7 ° 20,142.1  11,842.7
licate (T, .) )
hi - . 3
Average popu- )
lation total 10,863.6 ) 15,992
(Th) B B L
v(fh) : 2,213,730.1 , 34,440,020.2
CV(T,) : 13.6% : 36. 6%
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4.4.3 Postsurvey Analysis

As was done for the Dominican Republic, alternative methods of selecting
samples from the frame are considered. In Stratum I there are 15 paper strata,
each consisting of 600 sampling units; i.e., 8998 : 15 = 599.9. Three segments
were selected from each paper stratum. Each sampling unit or segment provides
an estimate of the total for the paper strata, and each replicate (cluster of

15 sample units) provides an estimate of the population total.

Method 1: A variance is computed for each paper stratum from the m segments

and these variances are added:

15
V(T,) = & V(T .)
h =1 hj
v(T,) = 9,675,283.1
V(i) = 2491§§3§§;l = 3,225,094.4

and the average variance within paper strata for expanded data is:

15
9,675,283.1
= = 2 = i
V(Thw) jil Wk V(Thj) —L———Ig———- 645,018.9 . (See last line, col. 3,

table 5.)

Method 2: The postsurvey analysis of expected sampling error is based on

selecting a single simple random sample of size 45:

15 9 15 Wksi 15 WiSi 15 2 15 _
v(T) = T WS - I —|— + ¥ — + I wk'k (= kak)
j=1 =1 "k i=1 ™k =1 i=1
(Cochran 2nd Ed. p. 139)
_ 9,664,257 _ 9,664,257 + 9,664,257 + 13,428,742 13,428,742
15 15(3) 152(3) 15 152
= 1,279,406 (the within-stratum variance based on expanded segment
data and assuming a simple random sample had been
selected)
V(Xi) = V(g) = 1’2795405 = 3.553906 (the variance for a sample of size 1
Ni 600 if unexpanded data had been used in

calculating paper strata variances and

means)
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or

V(x) = 2;2%%299_: 0739757 is the variance for a sample of size 45
and
V(T) = N2V(§) = (8,993)2 (.0789757) = 6,394,18% (variance of mean expanded
total assuming simple ran-
dom sample)
Method 3:
3 Cro”
I S
i=1 3
V(T) = O
D , ) 2 (32 590.8)2
(10,117.8)7 + (13,731.3)° + (8,741.7)7 - ,_,Lii__,__
- - 3 -1 ) N
= l—3—’2—8—2%2&9’—‘)-2='6,641,190.15 for 1 replicate.
V(T) = £,641,190. 7 | 2,213,730.05 for mean oi 3 replicates.

3

The three variances we wish to compare based on the taree different proposed

methods of sampling are as follows:

Method 1:

V(Th) = 3,225,094 (sclecting a simple random sample of size 3 in each of
the 15 paper strata within S:ratum I; i.e.,
n=3x 15 = 45)
Method 2:
V(Th) = 6,394,188 (selecting a simple random ~imple of size 45 out of
stratum I; i.e., n = 45)
Method 3:
V(fh) = 2,213,730 (systematically selecting three replicates of size 15

based on paper strata in Stratum I; i.e.

n =15 x 3 = 45)

bl

These results are similar to those for the Domin-‘can Republic. The co-

efficient of variation with simple random sampling is approximately twice as
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large as that of stratified systematic sampling with paper strata; that is,
23.2% to 13.3%. 1In both cases presented in this chapter, the use of equal-
size paper strata substantially reduced the variance of the estimates as

compared with simple random sampling without paper strata.

4.4.4 Exercise 8:
Using the results in table 6, each student is to compute the estimated

population total and its sampling error.
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CHAPTER 5 - USE OF SEVERAL FRAMES IN SAMPLING

5.1 Introduction

In this chapter, we introduce a general metin lologv for "multiple-frame
surveys.' The need for several frames ariscs he anse: (1) the individual
frames do not completely cover all the units in the population but collectively
the frames do include 11 the population units of interest, or (2) even though
all the units in the population of interest are -overed by a single frame, the
use of several frames leads to smaller expected sompling errors per dollar
spent. In either cuse, the use of several francs results in some units being
included in more than e frame. For the population units common to several
frames, two or more ostoirators of the same parareter are available.  The
material covered in tfhis chapter deals with the »eneral theorv of utilizing
two frames with and without prior knowledge s 0 “he extent of their mutual
overlap. The techniigue of domain estimation is cmploved. The "overlap domain
provides two estima~os of the same parameter, one trom each frame.  Conse-
quently, it is nececasary to test the reasonableness of the assumption that
the two sample estimates of the parameter (i.c., @oans) are equal; that is,
the hypothesis that 'he estimates of the parameter value are equal must be

" In the event the assumpticn of

tested before the e¢s' irtates can be "pooled.
equality of the parameter is rejected, the sample Jdata do not suggest which

frame should be used t obtain the estimate of the parameter but do indicate
that any two-frame c¢stinate for the total popular ion does not satisfv all the

"he decision of which froame 10 base the estimates on must

basic assumptions.

be based on other statistical considerations.

Aside from the theoretical considerations of sampling, multiple-frame
surveys are more difirult to execute operationmally and require more controls
to prevent nonsampliny crrors becoming large. This is a direct result, in
practice, of the survev procedures and structure of cach frame (which mav con-
sist of different types of listing or frame units); in addition, the clementary
reporting units (i.c., individuals, farm operators or land tracts) themselves
may differ from one frane to another. Thus, operationally the survev mav in-
clude two frames with 1{ilferent types of listin ¢r [rame units, two different
types of elementary units, two different procedures for associating the popula-
tion of interest with the sampling units, and of identifving all units in the

population of interest which are in both franes.
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5.2 Example of Representing a Population in Two Frames

A small population of farms is used to illustrate the relationship between
single-frame surveys and the two-frame surveys. A farm weight is shown ex-
plicitly for the individual farms in each frame as well as for both frames
since there may be a possiblility of duplication of farm units within a frame
as well as between frames. The recognition of duplication of farms is critical
in deriving unbiased estimators for both single and two-frame surveys. In all
cases, the individual farm weight must be equal to 1.0. This is clear from the
fact that, if either a single frame or both frames are completely enumerated,
each farm must be included just once and only once, if unbiased estimates are

' must be

to be obtained. First, the population of interest, i.e., 'farms,'
defined. One definition is as follows: A farm is defined as a unit of land
managed by one or more individuals to produce one or more agricultural products.
If several individuals (i.e., more than one) are involved in managing a farm
unit, only the jointly managed land producing agricultural products is part of
a particular farm unit. Other land managed by either one of the individuals or
part of the management group to produce agricultural products will be con-
sidered as different or separate farm units. That is, a unique management

group exists for each farm unit in the population of interest. Finally, those
crops or livestock species which will be considered as agricultural products
need to be defined. However, for our purposes these agricultural products ne=d
not be specifically enumerated but are understood to consist of products in-
tended to be consumed as food by people or of products of the land used to
produce food consumed by people. It should be clear that the population of
interest which is defined will have a direct bearing on the multiple frame

procedures specified.

The population of farms as related to the frame units in the Frame A
(i.e., area frame) is shown on page 103. The frame units are area segments
and each farm is associated with one and only one frame unit by a unique head-
quarters rule based on the operator's residence and there is no duplication of
farms within the frame. 1If there is more than one person involved in the manage-
ment group, only the "senior" person (or officer) will be considered the operator.

Frame A contains all the farms in the population of interest.

The second frame, B, is a name-address list given on page 104 which gives
access to an unknown portion of the population of farms since the name-address

units may represent individuals, corporate names, partnership names, persons

99



no lenger farming, or miy represent individuals who e ver operated a farm but
were erroneously included in the list. A farm which is jointly operated
(i.e., a management group of two or more) mav he dupiicated through more than
one frame unit if a farm association rule is emploved which permits more than
one member of a managemcn: group to be an operator of the farm unit through dif-
ferent name-address units. That is, a farm unit can he accessed by different
name-address units in Frame B, but onlyv one farm unit (s associated with each
frame unit. When a farm it may be associated with :everal frame units that
have different names and nidresses then provision must be made to detect the
number of units duplicated in this way by means of the survey questionnaire.
The following is an example of a name-address 1ist .rocedure in which both the

name and address are required to define the frame wunil.

Frame Unirt nirm Associated

(1) A Personal Name - Residential Address A farm 'mit operated only by
individual listed at address

(2) A Personal Name - Business Address A farm unit operated only by
individual listed at address

(3) "Corporate" Name - Business Address "Corporate' farm unit only, and
ne other farm units of persons
at same name-address unit

(4) "Corporate' Name - Residential Address "Corporate"” farm unit only, and
no other farm units of persons
at sape name-address unit

"corporate' can he replaced by the words p.rinership, estate, coop-

The word
erative or institution to cover additional types of situations which may occur.
Where the name portion of the unit consists of two or more personal names, these
frame units will be treated as partnerships. A busincss address is any address

which does not correspond to a residence.

The illustration below uses the procedures for associating farm units
with frame units based cn onc set of rules for each {rame for a given definition
of a farm (and also for not associating farm units wi-h frame units). For the

duplication within a frame, weights (w.) are assigned to the frame units for

the ith farm so they add to 1.0 for each farm in the population of interest. In
two-frame surveys the idea of duplication between rames is handled by partition-
ing the farms into three domains: (a) farms in Frame A only, (b) farms in Frame B
only, and (ab) farms in both frames A and B. In this illustration it is assumed
that there are no farms in Domain (b). 1In the development of the theory by
Hartley and others, it has been assumed that NA and NB’ the number of units in

the population of interest for each frame, are known. In addition, the number
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of units for the population of interest in each domain, Na’ Nb, and Nab’ may be
assumed to be known. The between-frame duplication is handled by assigning
frame weights, p and q for Domain (ab) where p, q > 0 and p + q = 1, and no
frame weights for Domain (a) or (b) because there is no duplication between

frames.

The combined result of the farm weights (ij ) for the single frames, A and
1 .

B, and the frame weights (p and q) for Domain (ab) is such that prjA + qgij =1
i i
for each farm, and for Domain (a), @ij = 1.0 and for (b) ijB = 1.0 where the
i i
subscript i refers to a farm while the subscripts A and B refer to the individual

. . .th . . . .th
frames and the summation is for the i farm over the j frame units which the i

farm is associated with in each frame.

The farm weights Iw,, and Iw, are the result of the procedure for associ-
i i

jA jB
ating farms with the frame units and are generally determined from information
obtained on the questionnaire with appropriate checking of questionable name-
address units and follow-up inquiry to the farm. The frame weights, p and q,

can be derived based on several criteria as follows:

(1) Optimum weights which have minimum variance per dollar spent for each

survey characteristic;

(2) A single set of weights for all survey characteristics to minimize
the computational problems and to insure that subgroups will add :to

the group total;

(3) Frame weights derived independently of the survey characteristics

being estimated to assure unbiased estimates;

(4) Frame weights constant between successive surveys for the same
characteristics so that the change in the estimates over time is
not due to different weighting schemes (i.e., assuming the same

frames are used).

The derivation of optimum frame weights will be discussed later, but
several simple schemes which satisfy criteria (2), (3) and (4) above are given

even though the efficiencies of the schemes are not known except for special cases.

(1) p and q based on constant sampling fractions:

The sampling fraction is fA for Frame A and fB for Frame B. The

frame weights would be
__ A
PE %

A fB

where p is the weight for farms in Domain (ab)
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which are s.cessed by Frame A, and

‘B . .
Q=7 where q is the weighr for farms in Domain (ab)
A B

which are .ccessed by Frame B.

(2) p and q based on frame sizes:

The number of {rame units is FA for Frare A and FP for Frame B. The
)

corresponding frame weights would be

and

(3) p and g based on constant sample sizes:

The sample sizes are n, for Frame A and n, for Frame B. The

A
corresponding weights would be

A
p = —-——, and
+.
a7 g
+
nA nB

(4) p and q based on sample sizes, n, and Dy and cost of data collection
per frame unit, CA and CB.
“A
p = CA'"_
“a, T
LA LB
q=1-p
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5.2.1 Population Units Related to Frame A

The following table shows the population of 10 farms accessed by
Frame A and the relationship between the frame units, the farms, and

the farm weights.

f Frame 3 Units Accessible from Frame
Farm : U;Zt : Value of : Individual:Tabulated Value of
No. (i é Farm Char- :Farm Weight:Farm Characteristic
:Se Aeét): acteristic : for Frame : for Frame Unit
. 5€8 : (Hectares of Wheat): Unit : (Value x Weight)
1 1 : 10 : 1.0 : 10
2 2 : 7 : 1.0 : 7
3 2 : 11 : 1.0 : 11
4 3 : 20 : 1.0 : 20
5 3 : 3 : 1.0 : 3
6 4 : 0 : 1.0 : 0
7 5 : 9 : 1.0 : 9
8 6 : 26 : 1.0 : 26
9 7 : 0 : 1.0 : 0
10 7 : 14 : 1.0 : 14
Frame : : : :
Total : 7 : : 10 : 100
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5.2.2 Population Units Related to Frame B

The portion vt the population of farms weonsed by the Name-Address
Frame and the relationship between frame units, the farms, and the farm

weights is given in rne following table.

Frame s . o .
Unit No.: Units Accessible ijST Frame
Farm : (Each : Value of : Individuil: Tabulated Value of
No. :Different: Farm Char- :Farm WJoiyhit: Farm Characteristic
Name- : acteristic : for frae for Frame Unit
Address) : (licctares of Wheat): lnit  : (Value x Weight)
3 : 1 : 11 : R A 5.5
3 : 2 : 11 : ST 5.5
(1.m
4 3 20 1.0 20
7 4 9 1.0 9
8 : 5 26 1.0 26
9 : 6 : 0] : 1.0 : 0
No Farm : 702/ 0 : 0 : 0
No Farm : 8 2/: 0 : 0 : 0
Frame I ,‘7 L
Total 8 K 66

1/ Farm No. 3 is a partnership. The name-addresses of the two individual
partners were included in the list because the l.st sources were not aware
of the partnership. [he survey questionnaire wuld have to detect the
partnership if either one of the frame units was selected in a sample.

2/ There is no farm associated with this frame unit because the name-
address listing does not qualify as a farm based on either the rules of
associating farms with frame units or the definition of a farm. However,
the list source was nor aware of this fact; consequently, a survey pro-
cedure must be used to determine this for cach frame unit sampled.

5.2.3 Population Units Related to Frames A and B

The population of 10 farms is accessed bv Frames A and B. The rela-
tionship between f{rame units, farm weights to renove duplication and value
of survey characteristics for a two-frame survey .re shown in the following

table. TIn this illustiation the values of p and g are derived from the frame
7

i F, = F. = 8. That i = o
sizes 7 and B That is, p T8

A = .4667 and q = 1 - p = .5333.
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SOt

Farms Accessible from Area Frame

" Farms Accessible from List Frame

© Farm
Farm . ) Domain (a) Domain (ab) : Domain (ab) ‘Weight
No. :Fr?me: :Individual:Tabulated: :Individual:Tabulated:Fréme: :Individual:Tabulated: for
Unit Hectares Hectares _. Unit Hectares Two
: : : Farm Wt.,: Value : :Farm Wt., x: Value : : :Farm Wt. x: Value :
No. of . of . No. of . Frames
: ' Wheat :(i.e., No.: for ' Wheat P» (i.e. for : ! Wheat @ (i.e. for :
: Farms) :Wheat 1/ : :No. Farms):Wheat 1/ : : :No. Farms): Wheat 2/:
1 1 10 1.0 10 1.0
2 : 2 7 1.0 7 : 1.0
' : 1 11 .26665  2.93315 °
3 : 2 ; ; 11 L4667 5.1337 ’ 11 26665 7.93315 ° 1.0
4 : 3 : 20 4667 9.3340 3 20 .5333 10.6660 : 1.0
5 3 3 1.0 3 1.0
6 4 0 1.0 0 1.0
7 5 9 L4667 4.2003 4 9 .5333 4.7997 : 1.0
8 : 6 : 26 L4667 12.1342 5 26 .5333 13.8658 : 1.0
9 7 0 4667 0 6 0 .5333 0 : 1.0
10 : 7 14 1.0 14
- 1 0 0 0 7 0 0 0] 0
- 5 0 0 0 8 0 0] 0 0
irame 7 ¢ 5 3 2.3335  30.8022 8 2.6665  35.1978 10
otal : : :

1/ Value x farm weight x p, 2/ Value x farm weight x q.




The two-frame estimates for number of turms and hectares of wheat,

if each frame

is c¢completely enumerated, are as follows by frames:

Survey Characteristics
Frame and Domain S e e
Number of Farms Hectares of Wheat
Frame A - Domain (a) 5 34
Frame A - Domain 3 (ab) 2.3335 30.8022
Frame B - Domain 3 (&b) 2.6665 35.1978
Frame B - Doma:n - (b) 0 0
Frame A and B 10.0000 100.0000
The two-frame e-timator for the total of a4 survey characteristic can be
written in equaticon form:
1) Y =F, y, + 71 V.., + F vy, + T y
(1) Fa oy THA P Y3 P Epa vy 1y
=7y, + 7(.4667) v+ 8(.5533) v, +
1Yy ( 67) Yo 3 ( 3) ip g ,
where FA’ FB, p, 4 were defined previously and
91 = mean pur frame unit in Domain (a) in Frame A
§3A = mean per frame unit in Domain (ab) in Frame A
§3B = mean per frame unit in Domain (ab; in Frame B
§2B = mean per frame unit in Domain (b) in Frame B.

It should be noted that in this estimator the number of farms in Frame A,

NA’

not used in the est

units are known and these are sampled.

imator.

and the number of farms in Frame B,

N

B’

The

total of a survey characteristic could also

If N

@) 11 N,

= v+ yi. o+ v
TEN Y ANy Pyg, v Npay

B

and N_ were known
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are not a
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be writte
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ssumed known and are
the number of frame
estimator for the

n as follows:

or



3
(3 1f Na’ Nab’ and Nb were known

TEN Y PNy Pyga PNy aygp TN Yop

where ;i = mean per farm in Domain (a) in Frame A
§§A = mean per farm in Domain (ab) in Frame A
§§B = mean per farm in Domain (ab) in Frame B
§éB = mean per farm in Domain (b) in Frame B
In the example, NA = 10 and NB = 5 while Na = Nab = 5, and Nb = 0,

Table 1 below reveals several interesting and unusual results which
arise because of properties of the two frames and the survey characteristics.
The range in the estimates of total number of farms and hectares of wheat
is somewhat greater for the two~frame survey. This is largely the result
of the list frame not being very efficient for this population of farms
when the total number of farms is not known in advance. The total number
of frame units sampled is 2 (i.e., n = 1 for each frame) for the two-frame

survey as compared to only 1 for the survey from Frame A.

Table l1--Range of Estimates for Population of 10 Farms Based on Samples of
Size 1 from Frame A and Frame B Using Estimator (1)

Survey Characteristic f Frame A Survey E Two~Frame Survey

Total Number of Farms

Mean Total ; 10 ; 10
Range of Estimates ; 14 -7 =7 . 14.5333 - 3.2669 =
: 11.2664

Total Hectares of Wheat

Mean Total ; 100 i 100

Range of Estimates § 182 - 0 = 182 Z 195.8658 - 0 = 195.8658
Number of Estimates : 7 : 56
Number of Frame Units : 1 : 2
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5.2.4 Variance of Two-Frame Estimator

The variance ot the estimated total for .. - huaracteristic of the

population of farms is given for the first «stinator. Independent random

samples of the frame units, n, and n,, are s teoted from each frame. The
A B

sampling of frame units results in a random -omple of farm units being

selected from each frame but the sample sizc i terms of number of farm

units is unknown At the time of selection. The tirst estimator in

Section 5.2.3 was nased on the number of [rame nits, F\ and FB, being
e

known and the numb.:r ~f farm units, N, and M_, “ciong unknown. The variance
A F

g

of this two-frame estimator is:

. Vi) V(v ) Cov(v,,v.,.)
2o 22 T 3A ) 2 "1
(l) V(Y) = V\ ~ _,-l_,,. + FAP _,__Y_{i__ + ;\( [ )f‘ A_‘A-—_..IJ-;_,‘S‘A—X‘
ool A ‘ ‘A
, V(yyp) 5 Vv,
+ e S F,
’ B "B
where the variances of yl, y}A’ YBB’ v, e computed as the variance

of a simple rondem sample using the domaiv ‘otals for each selected

frame unit.

The covariance terny arises in the variance estimistor because the frame units
in Frame A are clusters of farm units (i.e. scgments). A segment in Frame A
may contain farms in both domains (a) and (uh). Conscguently, a correlatinn
Oor nonzero covariance torm may exist between tarms in domains (a) and (ab)
in Frame A. However, the expected value of the -tatistical correlation
between the sample rarms in Frames A and B is zero if independent random

samples are selecte ! from each f{rame.

5.2.5 Exercises 9 and 10

Exercise 9:
Each student should define a differcent procedure (or rule) for

associating farms with the units in each frame.

Exercise 10:
Each student should define a new agricv!ture unit for the

population of intc¢rest.
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5.3 Two-Frame Theory

The technique employed is that of domain estimation which has been set
forth by Hartley and others. The theory has been developed assuming either
the number of units in the population of interest is known for both frames
or for each domain. In the example in the preceding section, the total number
of farms in each frame was assumed to be unknown, but could have been estimated

from the sample.

5.3.1 Two-Frame Methodology

Consider two frames, A and B, and assume that a sample has been
drawn from each frame. The samples may be entirely different in the two

frames but the following assumptions are made:

(1) Every unit in the population of interest belongs to at least

one of the frames.

(2) It is possible to record for each sampled unit in each frame

whether or not it belongs to the other frame.

"
This means we can divide the units of the sample into three (27 - 1)

domains.
Domain (a) The unit belongs to Frame A only.
Domain (b) The unit belongs to Frame B only.
Domain (ab) The unit belongs to both frames.

The units in the population are also conceptually divided into the above

domains.

5.3.2 Notation for Two-Frame Surveys

There are four different situations concerning our state of
knowledge of the total number of units in the frame, population, and
in the domains as well as our ability to allocate prescribed sample
sizes to the domains. We consider only cases 1, 2, and 3 in the
discussion. In case 4, the sample sizes in terms of the population of
interest are random variables since the number of population units in
each frame is unknown. This case was discussed in Section 5.2. ©Unless

otherwise stated, the type of elementary unit is the same in both frames.
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Tab 1l

Frame

o A
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r'e
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!

Sample Size n,

(Population Unit s)

Population Total YA
Population Mean ‘7\
F4

Sample Total N
“A

Sample Mean v
! A
Cost of Sampling Unit C\
t

Random samples are drawn from

samples of My respect i

where the first letter a or b

was drawn.  The 1oors \_ and
“ab

Mha 0

Tab

Knowledege o1 Population:Possibility o 7 ixe

Case ¢ Numbers in Domains
and Urones
HEBV\ [, N Byl
1 A TR b A B
: Kivwn
NN N N LN F.,F
5 APTBTT TR ab? AT B
: Known
N : p 3
AT A’IB
: Known
DNLLN N U\
. AVBY 0
. Unknown
- .
2 b
: ATR
: Known

=—lour Cases

s U—=Notatiwx

. Harain
:) : a b ab
-
B
N : N - N
b A b ab
N n 1"
b ) b n SN
ab bha
Y : Y Y v
6o a b ab
TooroF ;
B a b ab
v : v e v YR
B T b “ab bha
v : v v, v ¥ ;
B " a b “ab ba
[ :
B
cach frame and n are the sub-

velv, which .15

indicates the trire trom which the sample
v can be compted only it on 0 and
“ba : ab
of Pricr Koowledge
od Nature
sample Allocations to: af
: Domains & VFrames : Domains
Tt is fteasihle ta :
allocate samal. : Domains Strata

Dosizes to domai

(1t is not

:oallocate s mple

Tosizes too

v osSample sis04 an

:only be alloogted
S ro tyomes

:osamplinyg ratos only

o can be alloeated

: to | rames

dharins

and n
ba

Peanible tod

.

‘nto the overlap Domain (ab)

Domains
post—-strata

Domains
domains

___proper

Domains =
domains in
populations
of unknown
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5.3.3 Estimation of Population Totals and Means

In case 1 the estimation problem is reduced to the standard methodology
for stratified sampling. For cases 2 and 3 two approaches leading to
identical formulas are possible: (a) the theory of domain estimation, or
(b) the method of weighted variables. For (b) we introduce the following
attributes to units in the two frames for a survey item denoted by it

. .th c . .
vy if i unit is in Domain (a)

F A z
rame i

.Yy if ith unit is in Domain (ab)

y, if ith unit is in Domain (b)

Frame B vy th
diyi if 1 unit is in Domain (ab)

where < and di are numbers which satisfy for each population unit in
Domain (ab) E(ci + di) = 1. Therefore, the two frames are to be converted
into two mutually exclusive strata of sizes Na and Na for Frame A and N

b b
and Na for Frame B. That is, we have duplicated the Na units in both

b
frames. The population total will be equivalent to the zingle frame total
of Y. However, the sample estimator of the total and the variance are
easily derived only if oH and di are constants. That is, c; =P and di = q
where p + q = 1 and are determined independently of the parameter being
estimated for unbiasedness. Clearly, the population total is equivalent
to the original population since the N = Na + Na + Nb units are now

b

+ (p + + :
Na (p + q) Nab Nb and the totals are

Y=Y +Y + Y

a ab b * °F

Y' =Y +pY' + q¥~ + i i-
a PY ¢ a¥, . Yb where there are two independent est

mators of Yab which are combined.

The standard methodology applicable to the survey designs in Frame A
and Frame B is used to obtain estimates of the two stratum totals for
the variate y;, their variances and variance estimates. Adding the to-
tals for both frames, we obtain the total for the population of interest.
To obtain estimates of the population mean, Y = Y/N, it is necessary to

apply these same formulas to a new variable, called the count variable,
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My to estimate th. population size, N, where the variable Ky has either

the value 0 or 1.

The estimate ot the population total given by Hartley for a char-

acteristic when N}, N, and N arc known is:
‘ a

) b

~

b’ b

4

=Ny +N py ., +N gy 4+ N
a’a abVab abPba
This estimator is ir the form of a post-stratit.¢d sampling estimator. If

the sample is sufficiently large and the f.p.¢. factor is not important,

the variance is piven by

2

DIZ
o=

. N

) 2 2 2 "B o~ 2 2 2
= TN+ J + — [ + ¢

V) [ a DJ oab I\‘ab p ] nB [ b Nh ab Nab q ]

A
2

2 2 2
where 9.5 © and o

b b re the within post-stratum variances.

When Na’ Nb’ ind Na are unknown but N, and N, are known, an estimator

b A B
given by Lund based on the actual subdivisions Tb and 0y is:
[} c
R N
Y=§An‘,+[:in +N_B 15 f\,ﬁn'
n a’a n b P n. "ba 17 Yab I b7 b
a A B B
- . -
- ab ~ab "ba yba . . .
where v = s . The apprexinate variance where
ab 1 + n
ah ba
o= { A= N is:
2 Nab/NA and \ab/NB is
2 )
N N N NT
) 2
V(Y) = Hé (1= ol + — ﬁ gn oib + -2 (1 = o
A A B My
NZ(1 ) 2
- ) , N (1 - )k
A " s = 42 B - -
e a— - + o
n, [Ya pY b] ny, [Yb Y b:|



An alternative approach proposed by Fuller and Burmeister uses a
multiple regression type estimator for samples selected from two over-
lapping frames. It is assumed that the sampling is such that unbiased
estimators of the item totals and the total number of units in each domain
are available. The estimator suggested for the population total of the

content item is as follows:

= — — = +
Y Ya + YB + Bl(Nab Nba) + BZ(Yab Yba) where YB Yb Yba

When Frame B is complete and Frame A incomplete, we do not have Domain (a),

hence the estimator is

~

Y=Y_ + sl(Na

~

N Nba) + BZ(Yab - Y

B b ba
where
YB = an unbiased estimator of the total constructed from the sample
in Frame B,
ab = an unbiased estimator of the total of Domain (ab) constructed
from the sample of Frame A,
ba = an unbiased estimator of the total of Domain (ab) constructed
from the sample of Frame B,
ab = an unbiased estimator of the number of observational units in
Domain (ab) constructed from the sample of Frame A,
Nba = an unbiased estimator of the number of observational units in
Domain (ab) constructed from the sample of Frame B, and
Nb = an unbiased estimator of the number of observational units in

Domain (b) constructed from Frame B.

The optimal values of Bl and 82 are given by

— —y r— B
. " . SO . . 5 1 IO e
By VN, - N ) Cov(N_. =N .Y -7Y ) ~Cov(Y_,N_) + Cov(Y,,N, )
B, CovN_, = N .Y . =Y ) V(Y - Ybazi _:cOv(Ya,Yab) + Cov(Yb,qul
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A consistent estimator of the variance is

V(Y) = V(¥ + V(Y,) 4 Bl[cOv(Qa,N ) - Cov(Y,,N. )]

ab b’ ba

+ Sz[Cov(Ya,Y ) - COV(Y

ab b’ b )]

It is also suggested that if other y characteristics are observed in the

survey, it may be possible to further decrease the variance of the esti-
; . . 1/ . .

mator by including other unbiased estimators of zero 1/ in the regression

type equation.

5.3.4 Determination of Fixed Weights (p and q) for One-Survey
Characteristic

The value of p is to be determined independently of the parameter

Cn, + C.n

cost function C = Al 2P

being estimated, ¥ or Y. Assuming a simple

where C 18 the total cost of sampling, C, is the cost of an observation

A

from Frame A and C_ is the cost of an observation from Frame B. After

B
some labor, the optimum value of p was found by Hartley to be one of

the solutions of:

pzp[¢B(l - 8) + 8] = ¢° [6,(1 - o) + ap?]

where
2 2
C A A
= A % o _a b 4 g = Yab
SR T R N, B =
ab Yab s B

and n_, can be

the values of nA B

Once the value of p has been determined,

found from
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N = O[(o (1 - a) + ap 0 )/C ]
A

n 1
B 2

i e[(o 1 - B) + Bq o b)/c ]
B B

1/ Refers to estimation theory.



where 0 would be determined by the budget available. The foregoing der-
ivation requires knowledge of the costs, variances, and population domain
sizes Na’ Nb, and Nab'

An alternative derivation for p (due to Lund), when N is known, is

ab
given by the simpler solution for p by the expression

an n

— A . The ratio,~—-‘é , can be expressed by the
anA + BnB nB

p:

iterative system

B2, 2 22

r = E§ (ﬁ) and r2 _ E§ (§)2 (ri * a) (l 0L)Oa * 'i%b
1 c, ‘a i+l = C, ‘o B2, 2, B2, 2
A A (ry + )7 = B)o, + ()80,

where r » r. Limited experience with this method indicates it converges
rapidly to a value for p (i.e., 2 to 5 iterations). Thus, the optimum
value for p is the ratio of the expected value of the "overlap domain"
size in Frame A with respect to the sum of the expected values of the

"overlap domain" in both frames.

When Na’ Nb and Nab are unknown, it is necessary to insert unbiased
estimates of these three parameters. The minimization of the variance
expression at the bottom of page 112 as a function of p, n, and n

A B
subject to the cost equation specifies the optimum value (pO):

NA(l—a) _ NB(l-B) _ _
o Y + X b Yb)
p _ A a nB a
0 NA(l—a) . N, (1-8)
nA nB ab

The sample allocation among the two frames can be expressed by an

iterative system
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. - - - 2
,w(lww)()a+Yb—Ya )»

)
2
(J—Mt)O‘- + —'H];““‘E)b“z*— + ’*E—““LA !T'—Z—— b
+ - + —(, =
2 See ) rgr 07 L G
i+l C, a B2 2 SR R = = = 2
=) "Ho - v (1-5 +Y, -
A G 2, (& B9 . [ e Q=8 (Y =Y )
L e . ab SR
‘b 5,2 - Bol-gyq2
s o (=
(rj+(u) v u(l—B)]
"A
where r = o Gencerally, only a few iteratiens are required to obtain
B
r starting from o reasonable "guess' for r,. Ihe estimator and its

l
variance are not sensitive to deviations fromn r” (optimum) of 10 percent

or less. An estimator of the optimum p (i.e., pﬁ) from the sample data is:

NAna _ NQT_ : .
2 a 7 Yap Vb
S A o -
NAn NBnb _
3t T Yo
nA I]B

~

But p is now a function of several sample statistics which disturbs the
unbiasedness of the estimator. However, the devree of bias is considered

to be negligible. An alternative estimator of p is available, but requires
2 2 2 L . . . .
the parameter O, Yap and 9y - This is the h.-quadratic solution given

by Hartley.

5.3.5 Assumption of Equality of Means for ""Overlap" Domains

In practice, we face the problem of pooliny of independent estimates

~

of the parameter Y or Ya from different frames. Each estimate is

ab b

given with its sample size and estimated standa-d error. Can the estimates
be considered as homogeneous? That is, are they estimating the same
quantity? Let n = n1+...+nK equal the samples corresponding to each frame
and denote by T the ratio ni/n. The asymptotic distribution of

/H; (T,-0,) is N[U,S?(Oi)].
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K ni(Ti—G)2 K ni-(Ti—-O)2
Consider, H = % 5 = n I B
81(T)) 5(T))

-~

. . .th
where Ti is the estimate of the parameter O from the i frame, and O

is given by
K
- ZﬂiT. K m,
0 = _5__2~. P __33;.__
Si(Ti) Si(Ti)

H is distributed as x2 with (K-1) degrees of freedom as n»=, If

H > the equality of the means is rejected and the estimates

2
Xa,K—l’
should not be pooled.

5.3.6 The Special Case of Frame A With 100 Percent Coverage

If Frame A is complete (covers all the units in the population)

then NA = N, Nab = NB’ Na = NA - NB’ Nb =0 , s0 we are in case 2.

Since Na = NA - NB > 0, Frame B must have fewer units than Frame A,

5.3.7 Different Units in Frames With Overlapping Characteristics

In this case, the elementary units which make up the frame are
different. Consider a survey in a city to estimate the total cost
expended on the laundering of clothes; both private households and

commercial laundries will launder items which we refer to as 'clothes."

" "

A portion of "clothes' belonging to a household may be sent to a laundry
and the rest washed in the home. A commercial laundry handles clothes
from households and from some '"commercial institutions' which send all
their laundry out. That is, the characteristic pertaining to the
elementary unit is partitioned rather than assigning the unit to either
domain (a), (ab), or (b). The three domains are: (1) household clothes
laundered in the home, (2) household clothes laundered in commercial
laundries, and (3) commercial institution clothes laundered in commercial
laundries. The characteristic of interest might be dollars spent or

pounds of clothes, or both.
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For cach froame e chardcteristic of iat rest s Jdefined as follows:

o ir the clothes in oo ome are launderesd
L , LU .
in the home (] dovi i )
Frame A v, =
171 [
w0 the ctothes in the i Frome are aundered in oa
1
. . h .
commercial Taundry o000 donmrin = ah)
l It clothes in the o coereial Baoandry oare Trom
| N . . . ‘ b .
‘ cormercial institations o] Jomain = b))
J
Frame B Vo=
ik ‘ .
gy 1f clothes in the cormereial laundry are from
| p
| ‘ th
) a nome (] domain = b
The unbiased estimate of the population total < civen by
N n n N n '
) a A A B B b
Y= == [Dv. 4+ pivl o+ ot [y + !
n SR ab- 1 n b K by
A B
il 8l
N7 n N n
i A A, 2 B I8 ‘
VY) = — (1 - ~—) S + (r - 7
n N V. n N
A A g B b
and the sample estimator of the variance iz . copv of V(Y),

5.3.8 Exercises 11, 12, and 13

These three cxercises are for a two-frame survev for a single stratum
in a State in which the area frame (Frame %) provides access to 100 percent
of farm operations and the list frame (Frame b)Y provides access to an un-
known fractien of the farm operations. The 1iies have been coded by
replacing the surname of the person, or prin il name of a joint opera-
tion, or business tirm by the permutation of tairce letters of the alphabet.
Each different ordering of the three letters ropreosents a different sur-
name or principal business name; that is, AB( is different than BAC. The
city name in the aldress has likewise been o v by numbers from 01 to 99.
If the city was omitted by error, the code is ~iven as 00. The agricul-

tural land operations are assoviated with (v area {rame units onlv



through the land inside the segment. Economic units such as "farms" are
associated with an operator who must reside in one and only one segment
during the survey period. Agricultural land and economic units are
associated with name and address units (or combinations) for the list

frame.

Exercise 11:

Each student is to determine units overlapped between frames. From
the listings of respondents for the area frame (Frame A listing) and list
frame (Frame B listing), determine the operations which can be accessed
by both frames (i.e., overlap domain). After the last page of the list-
ings, the operations which were identified as in the overlap domain by

the survey staff are given.

Exercise 12:

Each student is to determine duplication within each frame. TUsing
the listings given for exercise 11, determine which (if any) respondent
operations are duplicated within the area frame and also any duplications
within the list frame. The duplications determined by the survey staff

during the survey are given at the end of the listings in exercise 11.

Exercise 13:

Each student is to calculate the survey estimates (i.e., totals).
Table 4 shows the survey means, sample sizes, and expansion factors by
frames which are used to obtain estimates by domains and the total

population.

(1) Compute the two estimates for the overlap domain. Should
these two estimates be pooled and used in either the screen-

ing or multiple frame estimator? (See 5.3.5.)

(2) Compute and compare the estimates obtained by using the

following three estimators of the total population:
a. Area frame estimator (p = 1, q = 0).
b. Screening estimator (p = 0, q = 1).

c. Multiple frame estimator (use weights given in (3),
page 102, based on the number of frame units selected

for the sample where p, q > 0; p+ g = 1).
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