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Chapter 1
INTRODUCTION

Estimates of crop acreage at planting time, early season forecasts of pro-
duction and estimates of livestock are made by the Agricultural Estimates Division
(4AED) of the United States Department of Agriculture (USDA), The government makes
these estimates and early season forecasts because they are valuable in maintaining
stable prices of agricultural products as well as providing information on the
agricultural economy. It is of course desirable that these estimates and forecasts
be as accurate and as statistically efficient as possible., Therefore, the methods
by which the sample surveys used to make predictions are conducted must be studied
and the best methods chosen for use.

In order to conduct a probability area sample survey, the sampling unit (su)
must be defined and the total number of su in the population must be allocated to
the geographic universe. If the su is considered to be all or a part of an area
segment having definable and identifiable boundaries, then at least two methods
are available for defining this su; (1) the closed segment approach and (2) the
farm headquarters or open segment approach., Henceforth the term approaches will
refer to one of these two methods of defining the su. In the closed segment
approach, the observations associated with a given su conesigt of the fields and
livestock within the geographic boundaries of the area segment at the time of the
survey; whereas, in the farm headquarters approach, the data associated with a
given su consist of the fields operated by and livestock belonging to the farm

operator whose headquarters is located within the geographic limits of the area

segment. When using the latter method of assigning values to the su, it is neces-

sary to define a farm, a farm headquarters, and a farm operator. Only a definition
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of tracts of land is necessary with the closed segment approach.

In area sampling, the entire open-country1 universe in a given county is
separated into divisions, the divisions into count units, and the count units may
be divided into area segments on the basis of the number of su assigned to the
count unit, In order to perform this last step, an allocation is made which
attempts to equalize the size of the su in the entire universe., Then the count
units, which must contain at least one su, are assigned an integral number of su.
A number of methods are available for allocating the su to the geographic sub—areaé
of the universe., If the best allocation is used, the su, in fact, will be very
nearly equal in size and statistically efficient estimates will be obtained.

The purposes of this thesis are then (1) to compare two different approaches
in defining the su used in sample surveys, i.e, the closed segment and the farm
headquarters; and (2) to compare six different criteria for allocating the su to
geographic areas. These six criteria are number of cotton fields, crop acrsage
harvested, total farm acreage, number of farms, value of livestock sold, and
nurmber of hogs. Comparisons will be made on the following twelve estimates;
acreage, production and number of fields in cotton, corn and wheat and the number
of beef cattle, milk cows, and hogs.

The specific objectives of this study will be (1) to determine which approach,
closed segment or farm headquarters, is more statistically efficient; which can be
administered with the greatest ease; and from general considerations, which ie
least expensive; (2) to determine the most statistically efficient allocation
system of those proposed, and to compare these on both the basis of practicality

of application and extent of usefulness.

2 All land area in the county excluding urban areas, incorporated rural places

and unincorporated rural places with populations over 1000 in 1950. Urban
areas and rural places follow census definitions.
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These two phases of study are only a part of the process of making agricultural
estimates and even if the most efficient of these approaches and allocations is
found, the question of the best possible estimate may not be answered. Neverthe-
less it is necessary that every part of the process be made as accurate as possible

in order that continuous improvements can be made in the final estimates.



Chapter 1I
REVIEW (F LITERATURE

2.1 Area Sampling

For certain populations in the field of agriculture, it is very difficult,
very costly, or impossible to define or to list the elements making up the popula-
tion; i.e. a frame does not exist. Nonetheless in order to use probability sampling
to obtain estimates from these populations, some specific designation scheme is
necessary whereby each element or cluster of elements can be identified and can be
assigned a specific probability of appearing in a sample, This can be achieved by
referring to small geographic areas of land with identiable boundaries as sampling
units; the selection of a sample of these areas is known as area sampling,

Jessen (1950) presented these comments on the history of area sampling. Area
sampling was first developed in the late 1930's, In India it was used in surveys
to estimate crop acreage and to forecast production; in this country, it was first
used by re rsonnel from Iowa State College, the Bureau of Agricultural Economics of
the United States Department of Agriculture and the United States Bureau of the
Census. The first two agencies selected farms for agricultural surveys by this
method, and the Bureau of the Census found it useful in sampling human populations.
The development of the Master Sample materials by the three agencies in 1943-4l;
made area sampling both practical and possible,

Houseman and Reed (1954) state, "Rigorous application of the method of proba-
bility area sampling requires (1) adequate mapping materials to define segments
with decisive boundaries and (2) a set of rules for associating farms with segments
in such a way that each farm in the defined population.is associated with only one

segment." The first requirement was met in general by the Master Sample of Agri-
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culture, but in recent years the county highway maps used in the Master Sample
have become obsolete and in certain parts of the country newer materials have been
and are being developed. In North Carolina, for example, new county highway maps
with more recent culture have replaced the Master Sample materials. During the
June 1955 Survey conducted by the Raleigh Statistical laboratory, the boundaries
of the area segments were delineated on 9 x 9 aerial photographs which provided
the interviewers with a picture of the area in which they were to carry out their
interviews. Thus errors arising from interviewing persons who should not be ine
cluded in the sample were avoided. Iikewise, all persons to be included were
interviewed.

The second requirement specified by Houseman and Reed (1954) referé to the
farm headquarters method of area sampling., It is necessary to designate a set of
rules for farm headquarters in order to determine whether a farm should or should
not be included in the sample and to. be certain that every farm in the su is
associated with one and only one su. The closed segment approach was used in some
research in cotton acreage estimation and production forecasting by the Raleigh
Statistical laboratory in 1954 and again in 1955. The Agricultural Estimates
Division (AED) also used the closed Segment approach over a ten state area in 1955.

This survey will be discussed below.

2.2 The 1955 AED Research Project

The Research and Development Staff of AED conducted area surveys in 1954 and
1955 in a universe of ten southern states. The farm headquarters approach was
employed both years, but in 1955 an additional sample was selected, independently
of the first sample, in which the closed segment approach was employed. There

were 757 su in which the farm headquarters approach was used and only 101 su in
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‘ which the closed segment approach was used. The reasons for designing a sample
employing the closed segment are outlined in the following statement from the pre=-
liminary description of the latter survey.

"It was thought that by accounting for all crops growing within the
boundaries of the sample segments, and for all livestock actually present
within the segments at the time of the survey, it would be posesible to
avoid the necessity for defining farms and to avoid the difficulties
involved in allocating crop and livestock data to the appropriate farm
operator without duplication, Such an approach also has the statistical
advantage of placing an upper bound upon the total amount of a crop, or
the total number of livestock of a given species, that can be associated
with any one segment and thus reducing the range of sampling fluctuations.”
Certain practical advantages of the closed segment approach were found,
Although an upward bias seems to be present in the reporting of livestock, due to
mistakes in the reporting of the location of the animals, respondents seem to be
more willing to discuss livestock numbers on a certain area of land as against thoee

‘ on their total holdings. In relation to crop acreage, a decided advantage of the
closed segment approach was the possibility of checking reported acreages by measuring
the same area defined on aerial photographs. The estimates and some check data are

presented in Table 1.
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Table 1
Comparison of Farm Headquarters and Closed Segment Approaches
to Area Sampling from Surveys Conducted in Ten
Southern States by AED in June 1955.1

Item Farm Headquarters Closed Segment Check Data
Survey Survey

Cotton Planted 16,552 17,373 16,02L 2
(1000 Acres)

Corn Planted 16,208 20,108 15,658 3
(1000 Acres)

All Cattle 26,217 31,955 26,401 U
(1000 Head)

A11 Milk Cows L, 876 L, 106 L,603 b
(1000 Head)

A1l Hogs 8,LL9 10,112 9,280 4
(1000 Head)

This table is taken from a preliminary AED report on the ten state survey,

Agricultural Stabilization and Conservation Service (ASC) of the USDA
measurements of acres planted.

3 Estimate made in July by the Crop Reporting Board of the USDA.
4 Crop Reporting Board, January 1, 1955, estimates adjusted for births and
disappearances to July 1955.

These figures might seem to indicate that the farm headquarters survey was
more accurate than the closed segment, when both are compared with the check data,
A different measure of the relative statistical efficiencises found for the two
approaches 1s seen in the relative sampling errors presented in Table 2. The last
column represents further calculations to ascertain the expected relative sampling

errors for the closed segment had it been conducted on 757 segments.
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Table 2
A Comparison of Relative Sampling Errors from Data Accumulated
on Various Items During Two Surveys Conducted in Ten
Southern States by AED in June 1955,1

Item Unit Farm Headquarters Closed Segment Survey

Survey (101 su) (757 su)

Cotton Planted Acre 13,7% 10,7% 3.9%
Corn Planted Acre 703 11,9 L3
Cattle, A1l Nurber 8.9 1.9 S.h
Hogs and Pigs, All Number 9k 17.8 6.5

1 This table is taken in part from a preliminary report on the ten state

survey. The last column represents calculations by the author.

These figures indicate a marked improvement in statistical efficiency were

the closed segment approach used with an equal number of su,



Chapter III

THE DATA

3.1 The Sample Design

The data used in this study are from two surveys conducted on the same sampling
units by the Raleigh Statistical Laboratory in 1955. The first survey was conducted
in June and one of its objectives was to determine the practicability of the closed
segment approach in obtaining samples as opposed to the farm headquarters approach,
The object of the second survey conducted in late Novenber and early December was
to obtain final production information and additional data concerning the location
of the farm headquarters.

The universe was the open country in North Carolina Crop Reporting District
No. 8, an area with eleven counties in the southern Piedmont area of North Carolina,
where cotton is the predominant crop. The eleven counties are Cleveland, Lincoln,
Gaston, Mecklenburg, Cabarrus, Stanly, Union, Anson, Montgomery, Richmond and Moore.
Several populations were sampled. These include: (1) cotton acreage, production
and number of fields; (2) corn acreage, production and number of fieldsj (3) wheat
acreage, production and number of fields; (k) livestock, including beef cattle,
dairy cattle and hogs.

The allocation of su was madek on the basis of cotton fields in the eleven
county area. The number of cotton fields was estimated by multiplying an estimate
of the number of cotton farms by the estimated number of fields per farm. The
most current information on cotton farms available at the time was the ASC report
of cotton farms in 1954; the best estimate of mtton fields per cotton farm was
obtained from previous surveys in and near the universe. The su was defined to be

an area Ssegment containing an expectation of four cotton fields. The total number
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of fields in the universe was estimated to be 41,90L; hence 10,491 su were assigned
to the universe., The same procedure was followed in assigning su to each of the 11
counties, Although cotton fields were used for the allocation of su in this survey,
any other characteristic might have been used, providing the allocation was made

in an analogous manner,

In order to relate these su to a given area in the universe a relationship
between cotton fields and occupied dwelling units (odu) was assumed. On maps of
each county showing the most recent culture, area segments were designated with
clearly defined boundaries, (roads, rivers and well defined streams). Each of the
area segments was defined as a count unit (cu). Each cu was numbered and the odu,
indicated on the map for each cu, were counted and cumulated, A ratio of odu/su
was determined for each county. Since the number of su per county was based on the
estimated number of cotton fields in the county the size of the su, as megsured by
odu, varied from county to county, The size of the su as measured in odu (or in
land area) would probably be different if a criterion other than cotton fields had
been used for allocating the sample to the counties.

A simple random sample of 125 su was selected from the total number of su in
the population (10,h91). A given random number specified a certain su in the
universe, In order to identify this su, first the county in which it occurred was
found by referring to the number of su assigned to each county. Then from the
accumulation of odu by cu in that county, the cu in which the su was included was
identified, Where possible, the cu was divided into as many area segments as su
assigned to it and the selected su was identified as one of these areas. In many
cases however, identifiable boundaries did not exist within the cu and a sub-
sampling procedure was used in the field. If the area contained b su and the

random number originally drawn identified the ith one of these b su as the one
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selected, then every ith field was included in the sample. In reporting livestock,
it was necessary to consider data on the whole area and simply divide this value
by b to obtain the quantities to be associated with the one su selected,

Of the 125 area segments originally chosen, 7L were revisited in the final
interview to obtain production figures and information on single farm operations
(explained in 3,3 below) and location of farm headquarters. Only these 74 su, on
which total information is available, are used in this study so that the comparison
of the closed segment and farm headquarters approaches is made on exactly the same
sample areas, Therefore any differences found betweer them are due only to the

difference in approach.

3.2 The Surveys

The data for both the June and December surveys were collected by means of
personal interview. For the June survey, all persons cwning tracts of land within
the boundaries of the area segments selected were contacted and questioned as to
the acreage and number of fields in cotton, corn and wheat which they operated
altogether and as to what amount of this was located within the boundaries of the
segment. With the aid of aerial photographs which the interviewers used to locate
the boundaries of the segment, it was always possible to obtain information on
what was or was not included in the area. In the case of livestock, information
was obtained on the number of animals the operator of the farm actually owned and
on the number that was within the area segment at the time of the interview. No
difficulty was found in classifying animals as either within or outside the segment.,

In the fall survey the 74 areas were revisited but no screening was necessary
because this had been done previously. The names and addresses of those farm

operators who were to be interviewed were written in the heading of the question=-



naire in the office and only the farm operators thus indicated were interviewed,
The farm operators were asked to answer questions concerning their to%al precduction

of cotton, corn and wheat both on the totsl farm associated with the arsa and on

the fields which they had reported were within the area segment in June, In order
to eliminate multiple farm operations, a decision was made to gether data on only
single farm operations and to determine the farm headouarters »f the single farm

associated with the su to decide whether or not it should be included in the sample,

To determine whether the farm headguarters was within or ovtside of the area,
the following definition of headquarters was made, the firs: one that applied in
succeeding order determined whether or not thas farm should be insluded,

1., The operator's residence - if ncne on farm, then

2. The dwelling of highest value = if none on farm, then

3. The building of highest value - if nome on farm, then

o The main entrance tn the farm.

3.3 The Estimates

As mentioned in Chapter I, twelve different estimates were cons dared in this
study. Each of these ware mede for the closed and open segment apprcaches, The
variances and cceificients uf variation of these twelve estimates ware considered
for the six allocation sch2ies suggested, The expansion factor (20,L91/7L, the
reciprocal of the sampling rate) is the same regardless of the approach. The data
uged to make these estimates for both the closed segment and the farm headquarters

approaches are described below,

3+.3.1 The Closed Segment Appreach

In general, acreage and production are estimated from the fields of a particular

crop that are included within the boundaries of the area. If the area contains one
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su, the acreage of cotton, for example, for that su is simply all the cotton acreage
present in the area, The same applied to corn and wheat. Where there was more
than one su assigned to an area, for cotton and corn, the fields within the bound-
aries of the area were subsampled at a rate to yield the equivalent of one su,

The number of fields, acreage, and production were estimated from the "subsample"
in areas containing more than one su and from the entire sample of fields in areas
containing one su. For simplicity of field operations, the wheat estimates were
obtained in a different manner for those areas containing more than one su. All
the wheat in the area was accounted for and the number of fields, acreage and
production were obtained by dividing the total in each area by the number of su
assigned to that area. The livestock were estimated in the same manner as the

wheat,

3.3+2 The Farm Headquarters Approach

This approach differs from the closed segment in the following manner. The
characteristics of an entire farm are considered to be in the sample regardless of

their physical location if the headquarters for that farm is located within the

area segment, In the June survey, the only questions regarding farm headquarters
were these to determine whether or not the farm operator lived within the boundaries
of the area segment., If he did live in the area, his entire farm operation was
considered to be in the sample under the farm headquarters approach. Estimates

were made using the data collected in June and the estira tes made using the farm
headquarters approach were very large compared to the dlosed segment estimates and
those made by the North Carolina Crop Reporting Office. Upon examination of the
data, it was discovered that characteristics of a few large farm operations made

the estimates so large. Duplication in reporting was found in a few cases where
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the farm operators name was the same due to the selection of areas which contained
farms owned or operated by the same person. These were corrected, but there was

no way to know if duplication existed where an owner reported all his farm holdings
and a tenant or sharecropper reported for the farm or portion of a farm operated

by him, To avoid this difficulty, multiple farm operations were eliminated during
the second survey. Information on acreage and production was obtained only for

the one farm associated with the area segment in the sample, No information was
obtained on number of fields or livestock numbers during the second survey. Cone-
sequently, acreage and production are estimated by the farm headquarters approach
using the single farm designation, and number of fields and livestock are estimated

from the June survey when multiple farm operations were reported.

3.4 Supplementary Data Used

As previously stated the number of cotton farms reported by the ASC was used
to determine the number of su assigned to each county, It is one of the objectives
of this thesis to determine what would be the effect on the statistical efficiency
if other criteria had been used. The additional criteria to be tested are (1)
number of farms, (2) total crop acreage harvested, (3) farm acreage, (4) value of
livestock sold and (5) number of hogs.

The supplementary data used to make these allocations is contained in the 195

Census of Agriculture - Preliminary on Farms, Farm Characteristics, and Famm

Products released by the U, S. Department of Commerce, Bureau of the Census. Such
data are available for every county in the United States. The designation of the
exact items used is as follows: (1) Farms, Acreage and Value, Farms = number 19SL;
(2) Farms, Acreage and Value, Land in farms « acres 19543 (3) land in farms
according to use, Cropland harvested - acres 19543 (L) Hogs and pigs, number 195L;
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(5) Animals sold alive, cattle, hogs, sheep, horses, or mules sold alive = dollars

195L.

These Census figures are preliminary and are subject to revision. Nonetheless

it was believed that they gave a more accurate count of the items considered at

present than would the figures from the 1950 Census of Agriculture.



Chapter IV
THE ANALYSIS AND RESUITS OF THE FARM HEADQUARTERS
VERSUS THE CLOSED SEGMENT APPROACH

L4e1 The Methods of Analysis

A measure of statistical efficiency is needed to compare the farm headquarters
and the closed segment approaches. The relative information (the inverse ratio of
the variances) is the measure generally used to compare different experimental
designs or sampling procedures. Therefore this method will be used first to
ascertain whether the farm headquarters or the closed segment approach is more
efficient, However, this is not the only measure of relative precision possible,
and in section L.L a second type of comparison will be presented.

In Tables 3 and | certain general statistics for the data are presented,

They are the means, variances and coefficients of variation for the twelve charac-
teristics measured in this study. It should be noted that these values have not
only been computed for the survey as it was originally conducted but also for the
five additional allotment schemes considered. The methods used to obtain the
estimates for the other allotments are presented in Chapter 5.

The coefficients of variation (cv) were computed as the ratio of the estimated
standard error of the mean to the estimated mean, but ohly two estimated means were
used for each variable, i.e. the mean obtained for the closed segment approach in
the survey as it was conducted and the mean for the farm headquarters in the
survey as conducted. Thus the cv for any other allocation scheme is the ratio of
the estimated standard error for that allocation to the mean obtained when alloca=-
ting the sample by cotton fields. The reason for this will be discussed in cone

nection with the comparison of the allocation schemes in Chapter &,
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Table 3

The Means, Variances and Coefficients of Variation for Twelve Characteristics with
Allotments of Sampling Units Made by Six Different Criteria
Using the Closed Segment Approach to Area Sampling

_ . A}lotnlepts .

Crop Total  Number  Value of Number

Charac= Statise Cotton Acreage Farm of Livestock of
teristic tic Fields Harvested Acreage Farms Sold Hogs
Cotton '2 11,06 12,88 .27 13,16 15.84 15.69
Acreage 8°(x) 115,30 166.93 220,91 170,03 392,28 319,02
Corn "2 11.56 11.28 11.37  11.45 13.33 12,35
Acreage 8%(x) 221,10 113,38 90.92 107.9% 220,52  116.68
CV= 14.96 10,70 9.58 10.45 14.93 10,87
Wheat i 8079 8.70 9036 8-?8 9.62 9051
Acreage 82(x) 160,94 W5.34 169.86 161.68 146,77 128.99
CVg 16,72 15.94 17.24 16.81 16,02 15.02

Cotton ;52 2.72 3.09 301‘0 3015 3069 3065
Fields 8°(x) L.Ls 5.90 8.22 5.93 11,62 10.32
CV= 9,01 10.37 12.24 10.40 14.56 13.71

Corn 22 3.72 3065 3.66 3.& h035 hQOB
Fields 8 (X) 17.90 9.25 60)45 707’4 20095 10052
Cv= 13.22 9.52 7.93 8.68 14.30 10.13

Wheat J.Ez 1076 1-67 107)4 1.6,4 1.92 1085
Fields 8 (X) 6089 3'73 3.52 3.32 5-86 3.85
CVs 17.33 12.73 12,39  12.04 15.96 12.95

Cotton 552 10,08 11.88 13.51 12,10 14,0l 1L42
Production s°(x) 105.15 162.83 250,30 161.3L 287.42  304.89
CVs 11.81 .71 18.24 14.65 19,55 20,1}

Corn X, 333.38 350.82 369.67 359.26 405.36 398,33
Production s°(x) 95,2L8.3L 8L4,000.01 94,219.37 92,952.LL 123492.63 16386.3L
cvy 10,76 10,11 10,70  10.63 12,25 11.48

Wheat X, 147.89 148.61 159.71  147.33 165.63 163.95
Production 8°(x) 39,530.52 38, 393 88 L5,861.12 3818,55 LAL11.07 13895.00
Milk X, 9.46 1o.h5 11.50 10.57 12,50 12.82
Cows 8°(x) 157.73 232.58 326,48 228,21 410,58 153,30
Beef X, 6.58 7.35 7.28 7.28 10.12 9,21
Cattle 8%(x) 219.48 261.91 234.20 272.98 831.59 511,11
Vs 26.15 29.65 27.02 29.18 50.92 39.92

Hogs §2 6.94 6.73 6.97 6.81 7.28 6.95
8 (x) 101,31 69.74 71.40 70.04 88.07 63.47
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Table 4

The Means, Varlances and Coefficients of Variation for Twelve Characteristics with
Allotments of Sampling Units Made by Six Different Criteria
Using the Farm Headquarters Approach to Area Sampling

Allotments
Crop Total  Number  Value af Number
Charac-= Statise Cotton Acreage Farm of Livestock of

teristic tic Fields Harvested Acreage Farms Sold Hogs
Cotton §2 7.98 9.37 10,67 9.40 10,95 11.27
Acreage 8- (x) 84.12 132.7h 208.83 125,16 221.43 246.82
Corn iz 11,76 11.49 11,67  11.53 13.83 12,57
Acreage s°(x) 300.25 166,28 138.8 150.24 391,06 202,62
Cvs 17.09 12,75 11,68, 12,12 19,55 1,07

Wheat J-Cz 8.28 8.07 8-78 8.36 8013 803’4
Acreage s°(x) 183.3L 166.33 209.26 195.52 131.16 140,59
Cvs 19.32 18,10 20,31 19.62 16,07 16,64
Cotton iz 2.90 3.36 3-76 30'40 3.88 3096
Fields s°(x) 12.24 18.37 27.36 18.21 27.99 30.66
CVs 14.03 17.17 20,96 17.10 21.21 22,21

Corn X, 4.28 L33 h.32 436 5.43 L.92
Fields 8°(x) 19,36 13.42 10,42 12,61 38,04 20.58
CVs 11.94 9.95 8,76 9.65 16,75 12.31

Wheat iz‘ 2-19 2.15 2032 2.19 2-31 2029
Fields s°{x) 11.50 10,94 13.43 12,45 9.83 9.70
CVs 17.99 17.58 19,45 18.72 16.62 16,53

Cotton 52 7.82 9.23 10,56 926 10,59 10,99
Production  s°(x) 99.42 152,61 233,58  149.L5 234.99 266,28
CV}'E 1)-1083 18036 22.72 18.17 22.79 2)4- 26

Corn iz 351,00 348,37 357.70 350.96 LOL.90  377.06
Production  8°(x) 236,L12.L49 139,886.23 123,508,1115,01.45 285,918.82 18,191.L)
CVs 16.17 12,39 11.64 11.90 17.71 13.42

Wheat i2 136.41 139,40 152,30 14147 145,96  151.32
Production s°(x) 39,433.68 L1191.57 52910.75 W)21.68 12583.99 L47,908.36

CVs 16,92 17.29 19,60 17.96 17.59 18.65
Milk 22 8460 9.23 9.83 9.38 11.73 10.83
Cows s(x) 312.76 415.08 Wl.71 419,02 4,200.43 753.01

cvs 23.92 27.53 28,41 27.67 L46.84 37.09
Beef iz 7.31 7.61 7.4 8.58 9.2h 9,02
Cattle 8°(x) 1L246.70  1291.07  L243.L5 1,928.89  1,866.79 1862.50

CVE 56016 5701)4 56007 69.83 68071 69.00
Hogs X 7.07 7.04 7.27 7.29 8,06 7.38

X
s2(x) 110,51  104.97 101.43  117.52 242,06  135.26
CV= 17,28 16.84 16,56  17.82 25.59 19.12
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4.2 Comparison of Variances (Relative Information)

The relative information of the closed segment to the farm headquarters
approach is presented in Table 5 for each of the twelve variables using each of the
8ix allocation schemes, This table will be the main basis of comparison.

Before any general comparison on the basis of relative infcrmation can be
made, certain exceptional results in Table 5 should be ncted. Except for beef
cattle the range is from 72,96 to 387.53. The values for beef cattls range from
22L.148 to 706,60, Examination of the basic data reveals that the unusually large
variance for beef cattle using the farm headquarters zpprcach was dus to the in-
clusion of one large observational value. One operator owned 300 head of beef
cattle, whereas the next highest figure for any one owner was 50. This illustrates
one major disadvantage of the farm headquarters approach; the possibility of in-
cluding very large farms increases the range in values, inrcreases the variance, and
thus reduces statistical efficiency as compared to the clused segment. Perhaps if
the single farm designation could have been applied to livestock items, this ex~
tremely high value would have been reduced.

With the foregoing comments in mind, let us consider the general results of
Table 5. It is seen that the closed segment is more efficzient than the farm head-
quarters in 57 of the 72 compariscns made, i.e. 57 of the 72 are above 100 percent
and 15 are below 100 percent. Of these 15, 12 ave fiom the items cotton acreage
and cotton production, A further analysis of these tuo characteristics will be
presented in section L,3. However, all the efficiencies for fields and livestock
(those computed on a multiple farm basis) are higher for the closed segment
approach, In general, the values in Table 5 indicate that in the vast majority of
cases the closed segment is more efficient than the farm headquarters approach.

Ignoring the efficiencies over 360 percent, 2/3 over 100 percent are between 107



Table 5

Relative Information of the Closed Segment

to the Farm Headquarters Approach

(Variance by Farm Headquarters Approach Considered to be 100)

Character=
istic

Cotton
Acreage

Corn
Acreage

Wheat
Acreage

Cotton
Fields

Corn
Fields

Wheat
Fields

Cotton
Production

Corn
Production

Wheat
Production

Milk Cows
Beef Cattle

Hogs

Allotment -
Total Number Value of Number
Cotton Cropland Farm of Livestock of
Fields Harvested fcreage Farms Sold Hogs
72.96 79.52 94453 173.61 56,45 77.37
135.80 146. 66 152,48  139.18 177.33 173.65
117.02 11h.LL 123.20 120.93 89.36 108.99
274.93 311.35 332.85  307.08 240.88 297.09
108.10 145.08 161.55 162,92 181.58 195.63
167.05 293.30 387.53 375.00 167.75 251,95
94.55 93.72 93.32 92,63 81.76 87.3L
250.31 166.53 131.08 138.8¢9 231.53 151.49
99.75 107.29 115.37 11443 91.75 109.14
198,25 178.47 135,29 183.61 292,37 166,12
568,02 457.97 530.94 706,60 22L.L8 368.32
109.08 150,52 142,06  167.79 274.85 213.11
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percent and 180 percent and the remaining 1/3 are between 181 percent and 333 per=
cent. This indicates that the added efficiency of the closed segment approach is

not negligible but is in general of a magnitude of from 10 to 80 percent.

4.3 Comparison of Means

As previously noted the items cotton acreage and production give results
considerably different from the other ten characteristics studied. A further in-
vestigation of the reasons for these results is needed., If we consider the basic
statistics presented in Tables 3 and L, we find that the means are quite different
for the farm headquarters and the closed segment for these two items. This is not
true for the other ten characteristics measured. A test of the difference of these
meang has been made and the following results found. For cotton acreage the dif=-
ference between 11,06 for the closed segment and 7.98 for the farm headquarters
was found to be significant at the 90% level. In the case of production, the t
value was 14350 indicating significance at the 80% level. Although not conclusive,
these results give some indication that a bias may exist in one or the other of
these two methods.

Estimates of cotton acreage and production can be compared with check data
available from the North Carolina Crop Reporting Service (CRS). The estimate of
cotton acreage under the farm headquarters approach is 83,718 acres and under the
closed segment 116,030 acres. The CRS figure for acreage under cultivation July 1
in the 8th Crop Reporting District is 112,000 acres. Thus the estimate by the
colsed segment approach is in closer agreement for cotton acreage, In the case of

cotton production the CRS figure was 109,300 running bales,1 the closed segment

1 A ruming bale is slightly less than a 500 pound bale, For the state of

North Carolina this figure was about 493 pounds in 1955.
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estimate, 105,749 bales and the farm headquarters estimate 82,040 bales. Again the
closed segment estimate is nearer the check data than the farm headquarters. The
low farm headquarters estimates may be due to the single operation definition on
which the acreage and production figures are based.

If either of the two approaches is bilased (as is indicated by the t test
previously presented) then it is probably the farm headquarters method since this
appears to be the least accurate of the two approaches. However, there is no
evidence of bias in the other ten estimates and caution should be exercised in ine
ferring that the f arm headquarters approach is biased - even for the two cotton
items, If in fact the means for the two items are underestimated by the farm head=-
quarters approach, it is possible that the variances may be underestimated also.

In this case it may be possible to devise a better criterion of statistical effi-

ciency than the inverse ratio of the variances., One such criterion is suggested

in L.l

Leli Comparison of Coefficients of Variation

The method of analysis presented in section L.2 is that generally used in
comparing different procedures on the basis of statistical efficiency. Another
possible criterion of comparison can be considered; this is a comparison of the cv
using different estimates of the mean for each approach, If we actually knew the
true mean this would be used in the denominator of the cv and a comparison of cv
would be identical to a comparison of relative information., But though we assume
one true mean, which we are attempting to estimate under each gpproach, we have
only estimates of it, and not the true mean itself.

From Tables 3 and L there is an indication that a positive association exists

between the estimated mean and the estimated variance. Thus if a variance is over-
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estimated, the mean will probably also be overestimated. It is possible that these
two overestimates would be partially compensated for in the cv, If under one
approach the variance and therefore the mean were overestimated and under the other
approach both were underestimated, then the ¢v would compensate for the inaccuracy
of these estimates and the ratio of the two cv would be a better estimate of the
relative precision of the two approaches than would the ratio of the variances.

The comparison of the estimated cv for the two approaches is then another possible
measure of their relative precision, and if the above assumptions are true, thea it
ig a better measure than the relative variance. Hence in Table 6 the ratio of the
(cv)2 are presented,

In Table 6 we find that in every case but one the closed segment gives a
greater efficiency than does the farm headquarters., The one exception to this is
in the item corn fields for the allocation by cotton fields; here the ratio of the
(cv)2 is only 81.5 percent. If we consider the cv from which this ratio was ob=-
tained, we find that the cv for the closed segment is 13.22 percent and the farm
headquarters 11.94 percent. If we consider the other cv for corn flelds we first
find that for all allocations the closed segment was better, i.e. yielded a lower
cv; secondly we see that the allocation by cotton fields was very poor as compared
to the other allocations (see Tables 3 and ). Also the efficiency for other corn
items, acreage and production seem to be poor when the allocation is made by cotton
fields., From these considerations it seems correct to conclude that the one ine
stance in which the farm headquarters showed a slightly greater efficiency than the
closed segment was not a true reflection of a greater efficiency for the farm head-
quarters approach, but was due to the inefficiency of the estimate with this type
of allocation.

With the exception of this one result the closed segment approach shows a
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Table 6

Ratios of (cv)2 ~ Farm Headquarters to Closed Segment Approach

for Twelve Characteristics with Allotments

by Six Different Criteria

Allotments

Total Number Value of _ Number

Character- Cottan Cropland Farm of Iivestock of

istic Fields  Harvested  Acreage Farms Sold Hogs
Cotton

Acreage 140.9 152.8 181.7 1.1 108.6 148.6
Corn

Acreage 130.L 12.1 147.6 134.3 171.3 167.4
Wheat

Acreage 133.6 128.8 138.8 136.2 100.6 12208
Cotton
Corn |

Fields 81.5 109.2 122, 123.6 BT.1 147.6
Wheat

Fields 107.7 190.7 246.2 2h1.8 108.4 162,8
Cotton

Production ]57-8 15507 155.3 153-8 13509 lhho9
Corn

Production 225.9 150.1 118.4 125,2 209.1 136.6
Wheat

Production 117.1 126.1 135.5 13kL.3 107.9 128.1
Milk Cows 21,0.2 215.5 163.6 222.0 353.L 200.8
Beef Cattle L61.L 371.3 430.6 572.6 182.0 298.6
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greater statistical efficiency than the farm headquarters using this criterion of
comparison, The increase in efficiency shown by the (cv)2 criterion is in general
from 12 to 56 percent. These figures compare well with those found using the
estimated variances as a measure of efficiency, The we of the (cv)2 48 a measure
of relative precision gives even more conclusive indications that the cloesed seg-
ment 18 more statistically efficient than the farm headquarters. No definite state~
ment as to which criterion is more accurate can be made., This is however not
necessary for this study since both yleld conclusive evidence in favor of the closed

segment approach,

4.5 Other Considerations for Comparison

The results of the surveys conducted show that administratively there are no
difficulties in obtaining information by the closed segment approach. With the
aid of aerial photographs it was possible to identify the areas in the field and
farmers had no difficulties in locating the land or livestock concerned within or
outside the area segment.

Cost data for the closed segment and the farm headquarters approaches are not
available for this survey. Both investigations were conducted at the same time, by
the same interviewers in the same areas and it is impossible to separate the costs.
However, cost data are available for the survey conducted by the AED in June of
1955 (see Chapter 3). Emerson Brooks, Chief of the Special Statistics Branch of the
AED indicates in personal correspondence that the closed segment costs averaged
about twice as much as the open Segment in this survey; however, he emphasiges that
thege data should be used with care as they are not always comparable. For example,
a great deal more traveling was done and higher paid interviewers were used in the

closed segment. Upon logically considering what is entailed in the field work in
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either approach it seems doubtful that there would be any great difference in cost.
Contacting the farm operators is usually the major cost of a survey and in both
approaches every person owning or operating a tract of land within the area seg-
ment must be interviewed; therefore the interviewing time and travel in locating
the respondents is the same for the two approaches. Hence, one can be safe in
stating that there should be no great differential in costs for these two approaches
if the same areas and interviewers were used.

Often information is desired on the farm as the unit of observation, for
example, information on farm expenditure or income or any per farm characteristic.
In these cases the closed segment approach is not applicable since a farm as a
unit is not considered; thus the farm headquarters approach must be used in surveys

designed to obtain such information.



Chapter V
ANALYSIS AND RESULIT OF THE COMPARISON
OF ALTERNATIVE ALLOCATION SCHEMES

5.1 Methods of Obtaining Weights for Comparison of Alternative Allocation Schemes

5.1,1 The Purpose of Allccation

In Chapter 3 the methods used to determine the number of su assigned to each
of the 11 counties was discussed for the allocation by cotton fields, the alloca-
tion used in the actual survey. It was noted that the size of the su would probably
be different if a criterion other than cotton fields had been used for allocating
the sample to the counties. It is desirable that the size of the su as measured
by the variable we wish to estimate be made as nearly equal as possible over the
whole universe. To accomplish this equalization of the size of the su, different
allocation echemes can be used (probably a different one for different character-
istics to be estimated). The method of allocating the su to the counties was to
assign the number of su to each county in proportion to the estimated number of
cotton fields in that county. In every county the expected number of cotton fields
per su was four.

If, after the results of the survey were obtained, the actual average number
of cotton fields per su in each county were four (or the same) then no county to
county-variation would be included in an estimate of cotton fields, and thus the
variance of the estimate would be reduced. Naturally we did not (nor did we expect
to) realize this ideal, but we do expect the average number of cotton fields per su
to be approximately equal in every county., Therefore, the variance of an estimate
of cotton fields should be lower than if no attempt were made to equalize the exe~

pected mean number per su in each county.
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Further, not only would the variance of an estimate of cotton fields be reduced by
this procedure but also a reduction would be obtained in the variance of an estimate
of any other variable positively associated with cotton fields. Cotton acreage and
production are two such variables., Probably estimates of the variance of corn
fields, acreage or production, or livestock numbers would not be appreciably re-
duced by allocating the sample by cotton fields, since there is no apparent relation-
ship between these items and the number of cotton fields, Nevertheless some other
allocation scheme might produce the same results for these variablee as an alloca-
tion by mtton fields would produce for cotton items. Actually one would think of
a whole new survey being conducted with the su allocated under a new system with
equal expectations per su for a second criterion. In order to estimate what re~
sults would have been obtained if this had been done the procedure described in

5.1.2 was followed.

5.1.2 Procedure

1. The total number of su in the universe of eleven counties was fixed at
10,491, the number originally used in drawing the sample.

2., Five additional criteria which were believed to be associated with one or
more of the twelve items to be estimated were chosen for allocating the su to the
counties. If any of these were more highly correlated with an estimate than was
the cotton fields criterion then the variance should be reduced for that item.

3. In order to equalize the expectation of the variable used for allocation
in all su in all counties, the proportion of the 10,491 su assigned to a given
county was chosen so that it was equal to the proportion of the allocation variable
occurring in that county. This can be shown as follows: let N be the total number
th

of su in the population, N, the number of su in the i

N county, T the total of the
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th

variable used for allocation, T:i. the value of T in the i™ county, a the expecta-

tion per su in the whole population, a 1 the expectation per su in each county and

T,/T the proportion of the allocation variable in the 4th

county.
In order for a to equal a,; N, must equal (Ti/T)N
Proof: '

a = T/N by definition

a, = Ti/Ni by definition

i
if a; = a, T,/N, = T/N then, N; = (T,/T)N
L. Weights were computed to adjust the original su totals to the values which
would have been cbtained if the survey had been conducted under other allocations.
These weights wij, where i = 1 .., 11 counties and j = 1 .., 6 allocations are
equal to Nil/Ni j where N, is the number of su originally assigned to the 1th
county and Ni.j is the number assigned under the :jth allocation. The weight then

applied to the 1P

county ie the ratio of the number of su assigned originally to
the ith county to the number assigned under the :jth allocation. See Table 7 for
the computations of these weights in each county.

5. A new set of values was obtained for each of the allocation procedures by
multiplying the original values of the su by the weight derived above. If x

represents the new valus in the :i.th

1jk

county for the jth allocation of the kth su

th th
then x, ., = (W ij)(xilk) where W, j is the weight for the i~ county and the j

ij
allocation and X1k is the original value for the kth su in the ith county,

11 40011, j=l .o 6andk=1,.en Thie method was used for the twelve

il
items to be estimated for both the farm headquarters and the closed segment

approaches.
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5.1.3 The Basis of the Weighting System

The weights used represent the change in the size of the su as measured in
occupied dwelling unite (odu) due to the change in the number of eu occurring in a
given county under a different allocation scheme, Therefore, if a greater number
of su are assigned to a given county under a new allocation echeme then, the su in
that county are reduced in size as measured by odu or land area. The reason for
this is that originally the su in this county were too large as compared with those
in other counties; in other words because they were larger one would expect more of
a certain item per su in this county than in another. If thies were so then added
variability in the estimates would be introduced because the su do not have an equal
expectation in all counties., Therefore, in counties where a greater number of su
were assigned than in the original survey, the value of each su was multiplied by
a factor, weight, leses than one, i.e. the number of su originally assigned to the
county over the number assigned under the new scheme. In this way all values for
a particular estimation variable in the given county are reduced.

Similarly, if the number of su assigned under the new scheme were less than
that assigned under the original, then the weight applied was greater than one,
Therefore each value associated with a su in this county was raised since the su
in the county were originally smaller than those in other counties as measured by
the expectation of the second allocation variable per su.

These weighting procedures were used to obtain new sets of values for each of
the twelve items to be estimated for all allocation schemes. This was done for
both the closed segment and the farm headquarters data. Naturally the weights did
not differ for the two approaches eince the same su are used in each} only the data

associated with each su are defined differently for each approach.
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5.2 Results of the Comparison of the Allocation Schemes

5.2.1 Comparison of the Allocation Schemes by Relative Efficiencies

The means, variances and cv of these new sets of values were computed and
appear in Tables 3 and 4. The cv were found by the procedure mentioned in Chapter
L, i.e. finding the ratio of the estimated standard error of the mean for a partice
ular allocation scheme to the mean estimated in the survey as conducted. This
single mean for each approach was used because it was felt that this was a better
estimate of the true population mean than any found by the other allocation methods
since these are not independent values but values derived from these originally
obtained,

The variances computed for all allocation echemes are made up of two components,
a within county variation and a between county variation. The new allocation
schemes are designed to reduce the between county variation and in this study it is
assumed that since the sizes of the su are increased in some counties and decreased
in others under any new allocation, the average within county variance will remain
approximately the same for the total population.

In Table 8 the efficiencies, of each of the five new allocations relative to
the original allocation, are presented. The choice of the base for these ratios
was the estimated variance for cotton fields allocation since these are the original
figures obtained.

The best allocation scheme would be that which exhibited the greatest statis-
tical efficiency. For an all purpose survey it would be desirable that the alloca;
tion scheme be fairly efficient for all items; for a more restricted survey the
scheme should be highly efficient for the items most important in the survey. From
a general consideration of Table 8 no one allocation scheme seems to give relative

efficiencies which are consistently higher than the others. Allocation by cotton
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fields gives the greatest number of high results, i.e. it is highest for cotton
acreage, fields, production, milk cows and beef cattle under both approaches and
for wheat production under the farm headquarters. The allocation by cotton fields
was best for all cotton variables, a result we would expect from our consideration
of the purposes of allocating the sample. This indicates that since the survey was
designed mainly to study cotton that the allocation used was by far the best of

the six considered to achieve the greatest information about cotton. Although thie
allocation is unquestionably good for this type of survey, different results are
evident for an all purpose survey. The cotton fields allocation is extremely good
for specific variables but extremely bad for a number of others, for instance corn
variables. In order to find the allocation which is generally good for the most

items to be estimated, ranking procedures have been used.

5.2.2 Comparison of Alternative Allocation Schemes by Ranking Procedures

For each of the twelve items within either approach each al location scheme
has been ranked from one to six, the lowest relative efficiency being ranked one
and the highest six, These rankings are shown in Table 9. The totals of these
ranks are also presented for each allocation scheme. The allocation scheme which
has the highest total rankings would be the one recommended for a general purpose
survey in which all variables of estimation considered in this analyeis were of
about equal importance.

The total rankings for the closed segment approach show that allocation by
cropland harvested (55) or by number of farme (54) is the best overall. For the
farm headquarters approach the cotton fields allocation gives the highest total
rank (52) with cropland harvested only one point below this (51). Furthermore,

the rankings seem to group themselves into three divisions for both the closed and
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Wheat
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Fields

Wheat
Fields

Cotton
Production

Corn
Production

Wheat
Production
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Table 8

Relative Efficiencies of Six Allocation Schemes for the

Farm Headquarters and Closed Segment Approaches

(Variance of Allocation by Cotton Fields Considered to be 100)

Approach

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

CL
FH

1

Allotmong_py

Crop Totel Number  Value of  Number
Cotton  Acreage Farm of Livestock of
Fields Harvested Acreage Farms Sold Hogs
100,00 .07 52.19 67.81 29.39 36.14
100,00 63.37 4028 67.21 37.99 34.08
100,00 195,09 243.18  204.82 100,26 189.49
100,00 180,57 216,57  199.85 76.78 148.18
100,00 110.73 9475  99.54 109,65 124.77
100,00 113.23 90,00  96.33  143.59:  133.96
100.00 77.56 5Le1A 75.46 38.31 L3.14
100.00 66,63 Wie 74 67.22 43.73 39.92
100,00 193.57 277.60 231,33 85.46 170,20
100,00 14,26 185.80 133.53 50.89 94,07
100,00 18L.61 195,62  207.41 117.51 178.86
100.00 105.12 85.63 92,37 116.99 118,56
100,00 &;.58 L2,01 65.17 36.58 3449
100,00 65.15 h2.56 66452 L2.31 37.34
100,00 113.39 101,09 102,47 77.13 87.88
100,00 170,43 193,03  18L.67 83.38 145.20
100.00 102.96 86,20 101,83 85.17 90,06
100.00 95.73 74,53 88.77 92,60 82.31
100,00 67.82 L8,31 69.12 38.L42 3L4.79
100,00 75.35 70,81 7h.64 26.05 41.53
100,00 77.85 93,71 80.L40 26,39 L2.94
100,00 96456 100,26 64,63 66.78 66,22
100.00 145.27 141.89 1L.65  115.03 159.62
100,00 105.28 108.95 9L.0L L5.65 81.70

1 CL refers to the closed segment approach;
FH refers to the farm headquarters approach.
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open segments. For the closed segment approach cropland harvested, and number of
farms are highest; cotton fields and total farm acreage next; and value of live-
stock sold and number of hogs, very low. For the farm headquarters the cotton
fields, and the cropland harvested are highestj total farm acreage and number of
farms are decidedly below this; and again the livestock allocations are very poor,
Considering only the closed segment, the most efficient approach found in
Chapter L, we can apply a rank test to determine if there are sighificant differences
in the six allocations. By Wilcoxon's rank test, x; is found to be equal to 20.8
and ies significant at the 99% level, A further test shows no significant differences
among the four top allocations, i.e. cropland harvested, total farm acreage, number
of farms, and cotton fields, These tests indicate that the two livestock alloca=
tions are actually poorer than the other four, but there is not enough evidence
to show a significant difference between the different crop allocations. Similar
results would be found for the farm headquarters approach. Thus from a considerae
tion of the relative efficiencies, rankinge, and the rank tests of the six alloca-
tion schemes considered, we have some basis for choice of allocation for general

purpose surveys, but the evidence is far from conclusive.
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Table 9
Rankings of Relative Efficiencies of Six Allocation Schemes for the
Farm Headquarters and Closed Segment Approaches
(Highest Relative Efficiency Receives the Rank 6)

Allotment by
Crop Total Number Value of Number
Character- Cotton Acreage Farm of Livestock of
istic Approach Fields Harvested Acreage Farms Sold Hogs

Cotton oLt 6 5 3 L 1 2
Acreage FH 6 L 3 5 2 1
Corn CL 1 L 6 5 2 3
Acreage FH 2 4 6 5 1 3
Wheat CL 3 5 1 2 4 6
Acreage FH 3 4 1 2 6 5
Cotton CL 6 5 3 L 1 2
Fields FH 6 L 3 5 2 1
Carn oL 2 Iy 6 5 1 3
Fields FH 3 b 6 5 1 2
Wheat CL 1 L 5 6 2 3
Flelds FH 3 L 1 2 5 6
Cotton CL 6 L 3 5 2 1
Production  FH 6 N 3 5 2 1
Corn CL 3 6 N 5 1 2
Produc tion FH 2 L 6 5 1 3
Wheat, CL L 6 2 5 1l 3
Produc tion FH 6 ot 1 3 L 2
Milk CL 6 N 3 5 2 1
Cows FH 6 5 3 L 1 2
Beef CL 6 3 5 4 1 2

FH 5 L 6 1 3 2
Hogs CL 1 5 3 L 2 6

FH L 5 6 3 1 2
Total CL us 55 Ly sh 20 3L

FH 52 51 ks LS 29 30

1 CL refers to the closed segnent approach;
FH refers to the f arm headquarters approach.



Chapter VI

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

An amalysis of data collected in two agricultural surveys conducted in eleven
southern Piedmont counties of North Carolina in 1955 was made (1) to compare the
efficiency of the closed segnent and the fam headquarters approach in defining an
area sampling unit, and (2) to detemine, among those considered, the most efficient
scheme of allocating the sampling units to geographic sub-areas of the universe,

For each of the two approaches and for each of the six allocation schemes
considered, estimates of variances and coefficients of variation were computed
for twelve variables; cotton acreage, production and number of fields, carn acreage
produc tion, and number of fields, wheat acreage, production and number of fields,
number of beef cattle, number of milk cows, and number of hogs. The sixalloca-
tions considered were cotton fields, crop acreage harvested, farm acreage, number
of fams, value of livestock sold, and number of hogs. The estimates for the last
five allocation schemes were computed by weighing the values of the individual
observations found in the surveys as they were actually conducted by factors
designed to give estinmates of measurements which would have been obtained from
conducting the survey under the prescribed altermative allocation, Criteria based
on the inverse ratio of the variances and on the ratio of the square of the coef-
ficiemt of variation were used as measures of statistical &fficiency.

By both criteria, the closed segment approach was definitely superior to the
farm headquarters approach, The different allocation schemes for a general pur-
pose survey involving the twelve items mentioned above were compared by ranking

the relative efficiencies within each item for the six schemes. A summation of
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these ranks over the twelve items showed that for the closed segment approach,
allocations by cropland harvested and number of famms were most efficient; alloca-
tion by cotton fields and total fam acreage were intermediate; and allocation by
value of livestock sold and number of hogs were least efficient, For the famm
headquarters approach, cotton fields ard cropland harvested had the highest ef=-
ficiency; total famm acreage and number of farms next; and value of livestock sold

and number of hogs yielded the lowest efficiencies,

6.2 Conclusions

From the analysis made one can definitely state that the closed segment
approach is more statistically efficient than the farm headquarters approach,

The increase in ef ficiency was, in general, from twelve to fifty-six percent.
Although 1ittle evidence is available onthe relative costs, it seems reasonable

to assume that the added efficiency would more than make up for any slight increase
in costs., Thus the closed segment, from all aspects, i.e. statistical efficiency,
administrative practicality and probable costs, can be highly recommended.

In choosing the best allocation scheme the results are not as conclusive as
those for selecting the better of the two approaches, First it is apparent that
if a survey is to bs run for information on a specific crop, then a variable
pertaining to that crop should be used in allocating the sample. This was done
in the survey ty using cotton fields with obvious success.,

For a general purpose survey of agricultural items when uwsing the closed
segnent approach, two possibilities for allocation seem to hold a favorable
advantage over the others, These #wo are the crop acreage harvested amd the
number of farms, Cropland harvested should be preferred_ for two main reasons,

First, it had a smaller rarge of fluctuation than the number of famms, a valuable
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asset in general purpose surveys when all items are of equal importance; secondly,
an allocation ty cropland harvested could be more easily carried out withthe use of
aerial photographs than could an allocation by number of farms., When subdividing a
count unit into sampling units one attempts to divide it into units of equal size
according to the measure being used, (in this survey, cotton fields), The amount
of cropland might be judged by eye estimates or simple area calculations and a
subdivision made with a fair degree of accuracy. On the other hand it is almost
impossible to detemine and identify the number of farms on an aerial photograph
for use in subdividing the count unit, If the farm headquarters approach were

used, acreage of cropland would still rate hizh as an allocation scheme,

6.3 Recommendations

6.3.1 Recommendations for Future Surveys

(1) In cases where per famm information is not needed, the closed segment
approach should be used in conducting agricultural surveys to obtain the most
information for a given cost, This is not only true for crop items tut also for
livestock inventories. Incases where infomation is desired on the farm as a unit
of observation, the farm headquarters approach must be used.

(2) Mllocation by a variable closely a ssociated with the prime object of
the survey will result in the greatest statistical efficiency for a given sample
size. Forexample, the variable should have a relationship such as cotton fields
or farms bear to cbtion acreage, or allocation by number of hogs to mmber of hogs.

(3) AMlocation of the sample units in a general purpose survey should probably
be done by cropland harvested to obtain a fair statistical efficiency and a certain
ease and accuracy in actually assigning the sampling units to the area segnents,

Further study is needed on this topic however,
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6.3.2 Recommendation$ for Further Research

(1) A better measure of fields per county is needed to obtain the maximum
usefulness of this criteria for allocation, In this study the allocation by
number of cotton fields was identical with an allocation by the number of cotton
farms, All census data are on a per fam basis and no per field information is
available, thus it is not possible to make an allocation strictly by number of
fields unless same infomation is available onthe number of fields per county.

(2) Further study is needed to justify definite recommendations for a
criterion of allocation in a general purpose survey. A screening of possible
allocations could be made in a manner similar to the procedure used in this study,
Then the highest ranking allocations couldte tested by actually conducting a
survey in part by one allocation and in part by another, Then independent esti-
mates of the wvariance could be obtained for comparison.

(3) The theoretical basis of the weighting system used to obtain values for
the new allocations is needed. The pbssible biases due to the weights used and
the accuracy of the weights in giving the values which would have been obtained if
the survey were conducted urder the given allocation need to be investigated,

(4) A theoretical or empirical investigation of the use of the coefficient
of mariation or the variance as a measure of relative precision for estimating
totals of agricultural populations would be valuable in any study designed to
compare altermati ve procedures,

(5) Better criteria of dllocation are needed for livestock items. Those
studied in this thesis did not achieve amy appreciable reduction in the variance
even for livestock estimates. Only theestimate of number of hogs with an alloca=

tion by number of hogs improved the precision appreciably,



