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ABSTRACT

The purpose of this study is to appraise the use of Cobb-Douglas
analysis as a measure of economic efficiency for extension evaluation.
In 1953, the Michigan Township Extension program was instituted in
five townships. Each township has a full time township extension sgent.
Forty farms were selected in each of the five experimental townships
and surveyed in 1953 for benchmark information. Control townships were
selected to match the experimental townships. Control township farms
were paired with the experimental township farms and on the basis of
benchmark, intermediate, and terminal swrveys, the changes in the
experimental township will be compared to the control township changes.
The changes occurring in the experimental township will be credited
to the township agent while control township chunges will be attributed
to the county extension organization.

One of the major changes being measured in the experiment is
economic efficiency. Economic efficiency is an instrumental value
coencerned with profit maximization of the firm. There are many avail-
able methods for measuring economic efficiency. The traditional famm
management technique and Cobb-Douglas analysis are being used in the
township experiment. Since Cobb-Douglas analysis has not been used
in extension evaluation it will serve a dual purpose in the township
program evaluation by providing estimates of the changes of efficiency
in the program and also by providing information to extension adminis-
trators and evaluaters on the cost, reliability, and value of using
this method in extension evaluation.
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The data for this study were taken from one of the five experimental
townships and its matched control township. Thirty-three dairy farms in
the experimental township and thirty-two dairy farms in the control
township were used to fit Cobb-Douglas functions to establish the bench-
mark level of efficiency in these two townships for 1953.

Marginal value product estimates for land, labor, expenses, live-
stock-forage investment and machinery investment were derived for the
two townships. Several statistical tests were used to determine if
the level of efficiency for the two townships was the same for the bench-
mark year. Un the basis of these tests, it was found that there was
not a significantly different level of efficiency between the experi-
mental and control township for 1953.

Cobb-pouglus anclysis has several advantages which may be of
interest to extension evaluators. It is a valid measure of efficiency.
It measures the net returns to categories of inputs and investments in
marginal termms. also, it is a complete efficiency concept as it
measures both inmput and ocutput. The reliability of this method cannot
be fully appraised until the completion of the five year experiment.

On the basis of this study, three functions had to be fitted in the
control township; thus the resulting control estimates are not clearly
defined. although more detailed information on the use of this method
in extension evaluation will be available in 1958, it appears on the
basis of using this method in measuring economic efficiency in two
townships that is is one of the best measures of efficiency presently
available.



It is felt that an extension evaluatiocn program can be strengthened
if both Cobb-Douglas and traditional farm management analyses are used

te measure ecenomic efficiency changes.
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CHAPTER I
INTRODUCTION

The Cooperative Extension Service has made important contribu-
tions in the development of american agriculture during the past
forty-two years of its operation. One of the areas of extension work
that has been receiving increased emphasis during the past decade is
that of extension research. Research in extension is designed to
measure the effectiveness of on-going extension programs, to experi-
ment with new programs, and to point the way toward improved procedures
for meeting the demands of modern agriculture.

One of the important factors facing extension evaluators is to
determine what to measure, how to meusure it, and to analyze the esti-
nmated cost and value of a specit:lé type of measurement in order that
a research progran will yield the maximm useful :L'nromation for
extension administrators, specialists, and field workers. One of the
factors to measure that confronts many extension evaluators is
econondc efficiency. Economic efficiency is an instrumental value
that is concerned with profit maximization for the farm firm. Although
economic efficiency is not an end in itself, it does provide an
important avenue that farm families might use to improve their
standards of living or to achieve broader goals and objectives in life.

" Many extension evaluators have successfully used traditional
farm management methods to measure the changes in economic efficiency



which have occurred as a result of extension education. This thesis
is designed to appraise and present the preliminary results of experi-
nenting with a new method of measuring economic efficiency in
extension evaluation by using a specific type of regression equation
commonly known as Cobb-Douglas analysis. Cobb-bDouglas analysis is
based on static economic principles which measure returns to categories
of inputs and investments in marginal terms. This type of analysis
is being used along with truditional farm management methods to measure
the changes in economic efficiency that occur as a result of the five-
year township extension experiment that was established in five
townships in Michigan during 1953. Various proven economic and socio-
logical indices are being used to measure the changes resulting from
the intensive township experiment. In addition, new approaches such
as Cobb-Douglas analysis are being experimented with in order to
determine their usefulness in extension evaluation. at the completion
of the experiment in 1958, a complete report on the use of Cobb-
Douglas analysis and other evaluation methods in the Michigan township
program will be presented. This thesis will report the preliminary
findings in using the Cobb-Douglas method to establish a benchmark
level of economic efficiency for 1953 in one of the experimental and
control towmships in the Michigan township extension program.

This study uses the 1953 benchmark data for 33 dairy farms in
one of the five experimental townships named almont and 30 dairy farms
in its matched control township of Burnside in order to fit Cobb-
Douglus functions and outline the procedure followed in adapting this



type of amalysis for extension evalunation. Both the experimental and
control townships used for this study are located in Lapeer County,
Michigan, as shown in Figure I.

In order that the reader will understand some of the underlying
factors about the nature of the kxtension Service, extension evalu-
ation, the Michigan township extension program, and the framework of
this study, the remainder of this chapter will include developments
of the Extension Service that led to the establishment of the township
extension program, the objectives, operation, and evaluation of the
Michigan township extension program, and the need for studying
economic efficiency by extension evaluators.

The first objective of this study is to trace the historical and
theoretical background of measuring economic efficiency. It will
focus on empirical studies in agriculture and will discuss the pro-
cedure for extension evaluators to follow when using Cobb-Douglas type
of analysis in measuring the changes in economic efficiency resulting
from some phase of extension education. This objective will be
presented in Chapter II.

The second objective is to measure marginal returns to categories
of inputs and investments in Almont experimental township and its
matched control township of Burnside for 1953, in order to compare
the level of economic efficiency in the areas before the township
program was started in late 1953. This will be covered in Chapter III.

The third objective is to use the benchmark data in the experi-
mental and control townships to develop statistical tests which compare
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the levels of efficiency in the experimental and control areas for
the base year of 1953. In addition, statistical tests and a procedure
will be presented for evaluating the Cobb=Douglas results that will
be obtained in the terminal survey in 1958 in order to cempare and
evaluate the changes in economic efficiency that eccur as a result of
the five-year intensive extensien experiment.

The fourth objective is to recommend precedures te follow in
collecting and processing theterminal surveydata in 1958 so that
accurate results can be obtained and campared to the original bench-
mark data. The third and fourth objectives will be discussed in
Chapter IV.

The fifth and finul objective of this study is te appraise the
use of the Cobb-Douglas analysis for extension evaluators on the basis
of collecting the data, analyszing the benchmark results, and computing
variocus statistical tests in the two townships used in this study.
although final recommendations on the use of Cobb-pouglas analysis
cannot be made until the completion of the experiment in 1953, some
of the basic questions as to the cost, interpretation, and other
factors to consider about the use of this method will be presented.
This objective will be covered in Chapter V.

_I_!_x_g Cooperative Extemsion Service

The Land Grant College system and the United States Department
of agriculture were both authorized in 1862 to render educational and
research aid to american agriculture. Various measures were used by



both organizations to relay the results of agricultural research to
farmers. The Department of agriculture used demonstrations, such as
the control of plant diseases, to reach farmers, while the land-grant
colleges participated in the educational programs of established
agricultural societies and of farmers' institutes.

In 1906 Smith County, Texas, provided county funds to contribute
toward the salary of a "demonstrator® who conducted demonstratiens on

the standard farm crops, gardens, and paatures.l

This idea spread to
counties in Louisiana in 1907, County funds were contributed toward
the salaries of demenstrators of the United States Department of
agriculture. These demenstrators pioneered the county agent system.
In 1911 the United States Department of agriculture muade cooperative
arrangements with the state agricultural colleges fer the initiation
and management of the county demonstration prejects. In 1912 a total
of 639 county agents were at work in the South.2
The desirability of coordinating the efforts of the United states
vepartment of agriculture and the land-grant colleges led to the
passage of the smith-Lever act in 191); which provided for the
Cooperative Extension Service. The act provided for a cooperative
agricultural extension program between the agricultural colleges and

the United States Department of agriculture. The major purpose of

Torville Kile, The Farm Bureau Through Three Decades, (Baltimore:
The Waverly Press, 19L48), p. 27.

2
Ibid., p. 28.



cooperative extension work as stated in the Smith-Lever Act is:
e o o to aid in diffusing among people of the United States
useful and practical infermatien on subjects relating to
agriculture and hﬂlg econemics, and to encourags the appli-
catien of the same.
From a pioneering handful of extension agents in 191); the Ceoperative
Extension Service has expanded to almost every county of the United
states.
The magnitude of the present day Extension service is revealed
in the fellewing statement by iunke Schruben:
The extension program today is a $100,000,000 operation with
a staff of over 13,000 agents. Ten years ago the total budget

was 336,008,000 and there were slightly less thun 10,000
employees.

The primary function of the Cooperative Extension Service is to
previde educational informatien to rural and urban families so that
they may identify and better selve their own problems. It is well
recognized that one of the major readblocks in providing more on-the-
rfm assistance by extensien agents is that the heavy work load of the
agents does net permit close attention to the problems of the indi-
vidual. Currently there are over 1,100 farm families and 1,700 rural

families per county agricultural agent.s

3114, p. 35.

hLuke M. Schruben, *Implementing State Extension Research,® Research
in Extensien, National Workshop Repert, Federal Extension service,
TWashington: United otates vepartment of agriculture, 1955), p. 161.

5Lnke M. Schruben, “New Developments in Extension Work," (Paper read
at the New kngland Research Council Meeting, Burlington, Verment,
Jm 2&’25’ 195’4)’ po 2.




In a recent survey cenducted by the Prairie Farmer many county

agents reported an extremely heavy load of chores that prevented them
from making on-the-farm visits, One agent in Indiana stated:
with all the night meetings there is not time to plan yeur
work. The only time I have to prega.re my speeches 1is
driving in the car to my meetings.

To meet the challenge of providing more on-the-farmm assistance,

-

1

Congress appropriated funds in 1954 that made possible the employment
of 1,000 new extensien agents under the farm and home development
program. This pregram, as viewed by Charles M. Fergusen, administrator
of the Federal Extension oervice, would provide one new extension agent

for every three counties en a natienal basis.7

This increase was
designed te render more individual on-the-farm assistance in order for
farm families te make full and efficient use of their resources. In
195); fifteen extension agents were employed as farm and home develop-
ment agents in Michigan,

To meet the challenge of previding scientific analysis of hew
the Extensien Service can best maximize the returns for its 100 million
dollar yearly investment, special funds have been made available to
measure the effectiveness of on-geing programs and te experiment with
new programs, State extension services interested in extension research
have an oppertunity te request funds for special research prejects by
submitting a research proposal to the Federal Extension Service.

6
Faul C. Johnsen, “Your County agent,® rrairie Farmer, CXXIII,
(uctober 6, 1951), p. 2.

Tharles M, Fergusen, "The Unit approach--What Doss It Expect of
County agents,” Better Farming Methods, XXVI, (December, 1954), p. 12.




In additien, state cooperative extension services have received
marked budget increases during the past decade. This increase in
total available funds permits more money to be chamneled into exten-
sien research. At the present time each state extension service can
use part of its budget fer extension evaluatien projects. In addition
to federal and state funds that are available for extension research
several states have received grants from foundations for research
projects. During 1955 the Extension Services of Iowa, North Carolina,
Washington and New York each received a grant from the Kellogg
Foundation of Battle Creek, Michigan, for a five-year evaluatien of
their farm and home development program.

an example of the urgent request for extension evaluatien is
reported in a recent report of the Cooperative Extension Service in
New York State:

The extension agent had and still has, more demands on his time

than he can meet in carrying on this pregram. The best he has

been able to do, then, has been a somewhat superficial kind eof

evaluation in which there has been more cencern about t has
been done rather than the effects of what has been dene.

The Michigan Extension Service

The Extension Service in Michigan has alsc moved zhead in offer-
ing more assistance to farm families and to urban people through urban
L-H, home demonstration agents, and commnity development specialists

B"me Evaluation of the Intensive County Extension rrograms in New York

State," (prepared by the Cooperative kxtension Service ef Cornell
University, Ithaca, New York, 1955, p. 2.




during the past few years. There are now over 420 extension agents
employed in 78 of the 83 counties of Michigan. While the rmmber of
extension agents in Michigan has increased, the increase has not kept
pace with the increased demands for assistance made upon the staff.,
To be more specific, the Michigan situation is pinpointed in the
following statement:

For example in the southern half of Michigan today one county

agent attempts to serve as many as 4300 farmers--obviously an

impossible task. It is well recognized that the majer limiting

factor in the effectiveness of the Cooperative Extension Service
is the work load assigned to our county agents.?

The Michigan Township Extension Program

In order to scientifically determine how a more intensive extension
program could be carried out in Michigan a grant from the Kellogg
Foundation in 1953 made funds available te the Cooperative Extension
Service of Michigan State University in order to set up, operate, and
evaluate an intensive extension experiment in five tewnships distributed
geographically about the state for a five-year period, 1953-1958.

Since the inception of the kxtensien Service forty-two years age, the
smallest area for servicing farmers has usually been the ceounty while
this new experiment focused cn the township.

The program is supported on a ceoperative basis with Michigan
state University, the township involved, and the Kellogg Foundation

9"n'oposal to the Kellogg Foundation for an Kxperimental Intensive
Extension rrogram in Five Townships in Michigan," (prepared by the
Cooperative Extension Service, Michigan sState College, East Lansing,
Michigan, 1953), p. 2.
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participating. The contribution of Michigan State University is in

the form of 75 subject matter specialists in agriculture and social
sciences who are available to focus attention on the special problems
of the townships. The contribution of the township varies depending
upon the financial resources available in each case. The average town-
ship participation was estimated to not exceed $2500 per year. During
the first two years of the experiment, most farmers have given
voluntary contributions ranging from five to one hundred dollars per
individual. A few farmers have participated in the township program
but have not donated any money.

The contribution of the Kellogg Foundation is in the form of a
grant to the Cooperative Extension Service of Michigan State University,
to cover the difference between the total budget for each townshir and
the amount which the towmship could contribute. The grant also covers
the budget for a program coordinator and program ’evaluation. The grant
provides funds to cover the total cost of evaluating the experiment.

Program objectives. An important objective of the township
experiment is to determine if the mxtension service could make productive
use of more resources and secondly, te determine if farmers would support
an intensified appreoach of rendering more on-the-farm assistance to
Tfarm families. The basic objectives of the experiment as stated in the
Proposal to the Kellogg Feundation were to:

1. Increase farm earnings

2. Speed up the rate of adoption of improved farm practices

3. Raise standards of living for farm families
L. Impreve rural commnities



5. Increase agricultural output
6. Gain infermatien on
a., Effective extension methods
b. Organizational patterns and techniques
c. Commnication skills 10
d. Commnity recreation.

The cbjectives of the township program as viewed by the present
Michigan Extension Director, raml a. Miller, are:

1. To determine how far the Extension Service can ge quickly
by applying the best in agricultural research and technology

te local farm problems.

2. To determine how extensien work can be carried on differently
and more effectively.

3. To determine what new methods of cooperative financing can

be developed between all cencerned using lecal, state,
federal and foundation funds.ll

For this experiment an experienced extension agent was assigned
in each of the five townships to work closely with individual farm
families in an attempt to bring all available local, state, and
federal resources to play in solving on-the-farm problems beth in the
home and in the total farm business.

The five experimental townships are located in the following types
of farming areas: 1) dairy, 2) dairy and general farming, 3) general
farming, L) cash crops, and 5) dairy, potatoes, and general farming.
There are frem 160 to 200 farms in each township cempared to 40O to 800
farms per county in the northern part of the lower peninsula of

Michigan and from 2,000 to 4,500 farms per county in southern Michigan.

10n44., pp. 2-5.

llstatement by raul .. Miller, Directer of the Michigan Cooperative
Extension Service, at a meeting of the state farm editers, Michigan

State University, april 15, 1956.




One tewnship program was started in July, 1953, while the remaining
four were added during the peried of .ugust, 1953, through Jamary,

195L.
Operating the Experiment. 4 preject coordinator was selected to

organize and direct the township program in the five localities and
to coordinate the activities of the extension specialist staff who
advise and assist the township agents. The township ceordinator makes
periodic visits te the five townships and arranges regular meetings
for the agents te discuss administrative and operational procedures
of the program. The project coordinator is a part ef and is located
with the rest of the state administrative staff of the Extension
Service at Michigan state University.

The tewnship agents were selected from the vanks of county agents
and assistant county agents. Four of the original five township agents
are still located in their same townships, while one agent has taken
up full-time farming. The agents spent about their first six menths
getting acquainted in their respective areas and offered assistance
on a voluntary basis to all interested farm families. The mumber of
farm families actively participating in the township program ranges
from 4u to 9u depending upon the area, the type of farming, and the
intensity of assistance rendered by the agent.

The tewnship farmers participating in this experiment have elected
& board of directors in each of the five tewnships. The board of
directors is responsible for guiding the township agent and advising
the agent as to the best methed of operating the program. Altheugh



the agents are not administratively responsible to their board of
directors, they work closely with them and attempt to move forward on
a sound platform of offering an intensive educational program se that
farm families might better help themselves. In additiom, the members
of the beard of directers selicit voluntary contributions from partici-
pating farmers in an attempt to raise the needed tovmship shure of

the funds without invelving the township agent.

The boards of directors of the five townships held an anmial meet-
ing at Michigan State University to discuss the progress of the program
during the past year and methods for doing a more effective job.

Subject matter support at the request of the township agent is
received from all departments at Michigan state University in the form
of speclalists who visit the townships, discuss new methods with the
township agent, and make farm calls with the township agent. In
addition, special, detailed seil surveys have been completed in three
townships and soil booklets have been distributed to each farmer.
A farm management extension specialist on a half-time basis provides
detailed economic informution on budgeting, record keeping, and renders
general assistance to each agent by making personal visits and also
by making farm visits and analyzing farm business records.

frogram Evaluation. a project evaluator was assigned in 1953 to

measure the degree to which the objectives of the operating program
Were met during the five-year experimental period. The objectives of
the evalustion research project are 1) to measure the extent to which
the objectives of the operating township pregram are met, and 2) to



provide interpretative or explanatory informnt:l.on.l2 The research is
attempting to measure what has happened as a result of the pregram
and why these changes were made.

In order to isoclate the changes attributed to the township pro-
gram, five control townships were selected te match the five experi-
mental townships and thereby provide a basis of comparisen of the
intensive extension approach with the traditional county extension
organization. The control townships were chosen by matching an area
with an experimental tewnship on the basis of:

1. Markets

2. Types of farming

3. 5oil associatien

L. Ethnic background of the farm people

5. County extension progrums
a, History of cooperation with extension in the area

b. Carrent extension programs
¢c. Distance from the county extension office
d. availability of meetiﬁ places

6. Proximity to large cities.

Contrel farms were selected within each control township and
Puired with farms in the experimental tewnship on the basis of age of
operator, laboer force, total acres, tillable acres, number of cows,
and machinery investment. The principal difference between the farmers
in the experimental townships and those in the contrel townships is
Participation in the program. It is the effects of this participation

that will be measured by various economic and socioclogical indices.

12
James Nielson, "Notes on the Research Design and rrocedure for kvalu-
ating the Township mxtension rrogram,” (Department of agricultural
ﬁcoizcmics, Michigan otate University, East Lansing, Michigan, 1956),

James Nielson, "Farm Plumning--Township Style,” (Paper read at the
%;hmamg Research Council Meeting, Burlington, Vermont, June 2}4-25,
)s P. 5o
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an important element of the evaluation of the experiment was that
measurenents designed to ascertain changes were set up to be used
before, during, and after the campletion of the experiment. The
"before® measurements provided benchmark data which can be compared
to the data recoerded in the experimental and centrol townships during
and at the completion of the experiment in order that any changes as
a result of the township program can be isolated and interpreted.
Forty farms in each of the five experimental townships and forty
matching farms in each of the five control townships were surveyed by
persenal interview in 1954 to obtain basic information on the 1953 farm
operation. A total of LOO farms were surveyed for the benchmark
survey; 200 in the five experimental tewnships paired with 200
in the five control townships. Ekach sample was homogeneous by
farm type within the township areas. The individual farm surveys pro-
vided benchmurk data for the measurement of changes that might occur
as a result of the program. The survey schedule included all the
dnformation for Cobb-Douglas analysis and all the information commonly
collected in the farm acceunt project plus a net werth statemcnt.lh
In order to determine the extent to which the objectives of the
Program are met, the following measurements are being used in the

evaluation precess:

g,

R



Objective
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Measurement to Be Used and
Methods of Getting Information

1.

2,

3.

L.

Financial progress of the
farm families

adoption of farm practices

Volume and efficiency of
production

Shifts in patterns of land
use

Farmer participation in the
Tewnship program

Formal and informal partici-
pation of farm families

Decision-making processes
used by farm families

Extension techniques and
commmnication methods

1. Farm earnings--deflated

2, Family earmings--deflated

3. Fanily net worth

This infermation will be gathered by
benchmark and terminal surveys.

Extent to which farmers have adopted
selected practices as reported by a
benchmark, terminal and two inter-
mediate farfm surveys.

1. Gross income deflated by price

2. Traditional farm business analysis
measures

3. Marginal returns to investments
and other inputs (Cobb-vouglas
analysis)

This information will be gathered by

benchmark and terminal surveys.

Changes in acreage of land used for
various purposes and implications of
these shifts as determined by soil
survey, and intermediate and terminal
surveys.

How muny families participated in the
program, extent of their imvolvement,
as determined by manthly and

annual repoerts, case studies and
surveys.,

Kind and quality of participation of
farm families in a limited mmber of
activities as reported by case studies
and surveys.

Factors considered by farmers in mak-
ing decisions and involvement of
various family members in the decision-

making process as reported by case
studies and surveys.

study of approaches and methods used
in the township program as determined
by township agents! reports and
administrative agents' remarks.
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9. Attitudes toward the pro- Attitudes of the following people to
gram and related matters be studied:

1, Farmers in the experimental areas

2. Farmers outside the experimental
areas

3. Township agents

L. Administrative and supervisory
personnel

5. County agents

6. Specialists

Factor one will be studied by an

intermediate and terminal survey.

Factor two will be checked by a

terminal smrvey of farmers in the

control area. Factors three to six

will be analyzed by consulting with

all extension agents connected with

the pu.-»gra.m.l5

Economic Efficiency

The efficiency of production or objective mumber three in the
above chart is an iuportatrt concept that farm management extension
workers have attempted to define, measure, and interpret for many
Years, Economic efficiency is defined as the best use of resources
which will produce the maximum profit for a firm. Many subjective
Tactors such as a farmer's decisien to substitute leisure time for work
On Sunday or maximizing family welfare instead of profit maximizing,
make it difficult to develop a useful efficiency concept that will in-
clude all the subjective factors as well as m:dmizing. profit. The
Intangible factors such as "1iving in the country® or “being my own
boss" are factors that have been ignored in previocus efficiency

15
James Nielson, "Notes on the Research Design and rrocedure for
Evaluating the Township mxtension rrogram,” op. cit., pp. L-6.
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studies because of the lack of knowledge in defining and measuring
these factors. This study will proceed as previous studies did and
use dollar income or the profit motive as the index of measuring
efficiency in order that a suitable efficiency measure can be devised
t0 measure the changes in efficiency as a result of an extension

program.

Measuring kconomic Efficiency

Measuring efficiency is of great importance to farmers, extension
agents, researchers, and agricultural policy workers. Information on
resource efficiency can be useful in guiding individual farmers into
a more profitable allocation of their resources. » farmer wishing to
maximize profits can find the optimum combination of resources to use
by ceomparing the retwrns te the input categories to the cost of using
these inputs. Econamic efficiency studies can point the direction and
the method of reaching an optimum efficiency pattern and hence a
maximum profit position. Use of input-output information draws to-
8ether all the resources into a single framework of the nature that
Tfarmers mst consider when making decisions. Efficiency studies cam-
bined with budgeting can be used effectively by farm plammers in
advising farmers how to muke necessary farm adjustments.

The importance of measuring economic effi‘ciency from the stand-
Point of extension workers can be discussed under 1) use in extension
©ducation, and 2) evaluation of extension programs. Kxtension agents
Need refined efficiency data in order to advise farmers how to make
the necessary farming adjustment in order that they might maximize



19

profits. Efficiency studies for specific types of farming and for

specific areas of the state are essential in budgeting and farm
planning.

Extension evaluators are faced with the important assigmment of
evaluating the changes that farmers make as a result of extension
education and to determine why these changes were made. One of the
methods of scientifically determining the impact of a new extension
approach or a more intensive extension program is to measure the
changes in ecanamic efficiency that occur as a result of the extension
education. Since extension agents attempt to help farmers increase
their efficiency in order to maximize profits it is important to
ewvaluate the changes in efficiency that are brought about by extension
agents.

One of the goals of ocur society is that of securing the maximum

welfare for all members. If efficiency studies in agriculture indi-

cate low returns in agriculture relative to mamufacturing, this suggests

that too many rescurces are being used in agriculture and too few in
manufacturing. Since society as a whole benefits in economic progress
and increasing efficiency is ane of the methods of reaching that goal,
1t 35 important to consider efficiency from a policy standpoint.

Al so econamic efficiency studies in agriculture indicating differences
in resource productivity in different areas of the country provide

SCientific methods of suggesting shifts to be made in resources in
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order te achieve maximmm production in a period of needed increase
in agricultural output.

The need for measuring the changes in economic efficiency in the
Michigan township extension program is important not only to extension
agents but to researchers and to the farmers in these five township
areas, It is the belief that reliable ecenomic efficlency information
on the farms in the experimental townships will measure the results
of township agricultural agents attempting te speed up the educatienal
agsistance to a small group of farmers over a five year time peried.
The benchmark survey in 1953 established the basic efficiency condi-
tions on the farms in the five experimental and five contrel townships.
The terminal survey will report the chunges in economic efficiency
that have been brought about by the tewnship agents in the five experi-
mental tewnships and the regular county extension organizatiens in

the five control tewnships.
Since ene of the goals of extension education is to bring about

changes in technology on american farms, and, thereby, increase the
ef ficiency of production, one of the logical measures of an extensien
©valuation program should be in the area of measuring economic

ef £iciency.
It is the belief of the writer that farm families are interested

in prefit maximization as an avenme for improved standards of living.
The famers goal for profit maximizing is succsssfully achieved if
the fam firm is able to make efficient use of its resources. although
MAry farmers do not openly admit that they are participating in
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extension programs in order to beceme more efficient operators, their
basic reasons for participating eften hides this important area. In
a survey of 28 farmers in one of the five experimental townships after
the program had been in operation for two years the farmers answered
the question "why did you decide te participate in the program?" in
the follewing mammer--(mltiple response):

Response  Frequenyy

To obtain information 7

To get help 7
General feeling that it would be worth-while;

had cenfidence in the kxtension Service 5
Thought it would benefit the township er

someone else in the township S
vther reasons 12

Total 36 16

While the farmers in this experimental tewnship did net epenly
mention that they were interested in increasing their efficiency of
operation, their request for more information is one of the first steps
in the chain of decision making that leads te greater econemic efficiency.

It is necessary to outline the essentials of a geed measure of
efficiency befere a specific method or methods can be recommended.

It mst be remembered that agriculture like other areas of production
18 a highly cemplex process and that no measure of efficiency can

———

6
James Nielson, How Have Farmers A 'the Townshi. lbd;ension
Townsh cultural
Bconanics ca on Univeraity, Bast Lansing,

Hichigan, April, 1956, ppo 21"22.
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accurately predict all of the factors involved in the production
process. The essential characteristics of a good measure of efficiency
are:

1. To provide valid results by revealing the efficiency of the
firm, provide an optimum scale of efficiency, and provide a
basis of camparing efficiency over a time period. Two can-
ditions necessary to provide valid results are that both
input and output are measured and the results are stated in
marginal terms.

2. To provide reliable results if the measure is repeated in the
same parent population or in different sections of the country
by the same or different researchers.

The two methods of measuring econamic efficiency in the township
extension program are the traditional farm management approach and
Cobb-Douglas analysis. These methods tend to camplement each other
and provide a good over-all measure of the changes in econamic
efficiency. The results of using Cobb-Douglas analysis in this study
will provide information as to the advantages and shortcomings of
this method in order that Cobb-Douglas analysis can be campared with
the essential characteristics of a good measure of efficiency. This
camparison will be made in Chapter IV,

A brief review of background of these two methods of measuring
econanic efficiency will be discussed in the following section.

Traditional farm management analysis. The traditional farm

management approach of measuring econanic efficiency has been developed
Quring the past three decades. Various physical ratios developed to

measure efficiency in average terms are man work units accamplished
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per man, crop yield index, and milk produced per cow. Financial ratios
such as returns per $100 feed fed to various kinds of livestock, and
gross income per man have been developed under this method. While
these efficiency measures like many other "rules of thumb" all provide
useful information they fail to provide a cemplete input-output con-
cept. The traditional farm management approach for many years has
centered areund selecting samples of farms in specific types of farming
areas and after the business record of these farms are analyzed the
Jow, average, and high income farms are compared in order te arrive

at reconmendations for reorganizing these farms. Economic efficiency
under this gystem was camputed by several cammon measures of output
such as comparing gross income per $100 expense. This is a good over-
all measure of efficiency but it does not reveal whether or not
specific categeries of inputs such as the livestock or machinery in-
vestment were efficiently utilized during the year. although gross
incame per $100 expense does not measure returns to specific categories
of inputs it is still a valuable index to use in extension evaluation.
This index 1s a good over-all indicator of efficiency that can be
easily and accurately computed for a group of farms before and after
an extension educational program.

The traditional methods also attempt te measure the efficiency
©f individual inputs such as laber, machinery, and feed expense. an
©Xxample of measuring laber efficiency is reported in the Area 6 and 7
Teport for 48 dairy farmers in Michigan for 1953:
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Labor efficiency as measured by days of work per man was 15
percent higher on the large farms. If measured by gross
income per man there was little difference. The days per man
measures the labor efficiency, thus showing the relation
between the smount of business on the farm and the labor

supply.17
A productive man werk unit represents the amount of productive work
that will be dene by a man working at average labor efficiency in a
ten-hour day. The productive man work unit concept is an average
rather than a marginal measure. The weakness of this approuch is the
difficulty in camparing individual farms with the average farms,
because there are many variations in the amount of assets that each
farm uses with its labor force. This type of analysis dees not indi-
cate how much the last month of labor earns, for it takes the total
of all inputs used in the production process and tells whether the
days of work accamplished per man is higher or lower than the different
income groups of farms.

Marginal analysis. The principles of marginality are also used
to measure ecenemic efficiency. Since the maximum profits to a firm
can be explained only in terms of marginal analysis it is important
to outline the terminology and definitions of marginality. When a unit

of input such as an acre of land is added to the productien process,
the resultant increase in total product is called marginal or additional
returns. Marginal returns is the ratio of change in total product as
Trelated te the change in input. Maximum profit and hence economic

————

1
7John Doneth, Farming Today, areas 6 and 7, Uepartment of agricultural
Econ«d.zﬁs, Michigan 5 versity, East Lansing, Michigan, 1954,
ppo 9' ]
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efficiency is achieved when the marginal productivity of inputs and
investments is such that it is impossible to shift the resources to
different alternatives without causing the total product to decrease.
For example, if the returns for one acre of land planted to corn
Yielded more profit than if the same acre were planted to wheat, then
econanic efficiency has not been met because it is still possible to
cause the total product to increase by planting the acre to carn.
The condition of economic efficiency is not met until all resources
have been shifted from me alternative to another, so that further
reshuffling of resources will cause the total product to decrease.

Marginal analysis measures labor efficiency by providing an esti-
mate of what effect the last unit of input ar investment had on gross
incame for the year. For example, if the last month of labor used on
a dairy farm returns $80 the farmer could match the cost of a month
of labor with the return and be able to determine how efficient his
labor was for the year. This method also allows camparison of labor
efficiency on dairy farms in different sections of the state ar in
different sections of the country.

One of the more refined methods of deriving input-output data
by using marginal analysis is an algebraic method known as Cobb-
Do‘uglas analysis.la Other algebraic functions capable of measuring

18
Paul H. Douglas, Theory of Wages, (New York: The Macmillan
Company, 193L).
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1
efficiency are the Spillman J

function and the quadraticzo functien.
When measuring the effects of a large mmber (four to six, of variables
such as land, labor, or machinery en gress inceme the Cobb-Douglas
functien has several important advantages over the other algebraic
methods. oome of these advantages were reported by Tintner:
The Cobb-bouglas function gives immediately elasticities of the
product with respect to the factors of productien; this form of
the production function permits the phenomenon of decreasing
marginal returns to come into evidence without using too muny
degrees of freedem; and finally, if the errors in the data are
small and normally distributed a logarithmic transformatien of
the variables will preserve the nermulity te a substantial
degt'ee.21
Cobb-Douglas analysis was selected for this study in order that
basic questions facing extension evaluators such as the cost, reli-
ability, camputations and statistical tests employed can be analyzed
in one of the experimental townships and its matching centrol town-
sbip. The results of using this analysis on the twe townships will
Provide insight into the use of Cobb-Douglus as a possible measure of

economic efficiency by extension evaluators.

—

1
9M]Jiam Jo Spillman, sm:pomntial Yield Curves in Fertilizer Ibg%eri-
ments, United states Department of agriculture Technic e

s (Washingten: Govermment Printing uffice, 1913).

2
oMordecai Ezekiel, Methods of Correlation analysis, (New York: John
Wiley and Sons, 1930).
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Gerhard Tintner, "4 Note on the Derivation of the rroductien Func-
t:lonséFrﬁm Farm Records," Econometrica, XII, No. I, (Jamary, 19LL),
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CHAPTER II

THECRETICAL BACKGROUND OF COBB-DOUGLAS ANALYSIS

Higsterical Development

pProfessor raul H, Douglas,l ‘'of the University of Chicage pioneered
preduction function analysis in 1928 by cemputing indices of labor and
capital for american mamfacturing firms.’

Charles W, Cobb, a mathematician at amherst College, co-authored
the study and helped Douglas develop a function P = bL¥ C'"¥ that
measured the relative effect of laber and capital upon preductivity
during t he period 1899 to 1922.3 The dependent variable (¥) expresses
the total productien value of industry, (C) is the total fixed capital
a&vailable for production, (L) is the labor supply available te the
entire industry and b is a constant. The exponents k and 1-k are co-
efficients of elasticity for P with respect to the independent vari-
ables labor and c::tp:!.tal.,'l Cobb and Deuglas forced the expenents

equal te ene which indicated censtant returns to scale., The preduction

]'Now U. S. Semater Douglas frem Illinois.
> :
Deuglas, ep. cit.

3
Paul H. Douglas and Charles W, Cobb, "A Theeary ef Productien,”
American Econsmic Review, IVIII, Supplement, (March, 1928), pp.

I35-155.

)1}
An elasticity of a particular independemt variable is the percentage
Change in total product when the variable is increased by one percent.
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function devised by .Cobb and Douglas is linear in logarithmic form.
The values of elasticities can be estimated by a mod:l.t‘ied5 least
squares type of regressien anulysis.

A modification of the original Cobb-louglas equatien was made by
Durand in 1937.6 Durand presented a broader functien where P = bchj
so that the sum of the exponents need not equal one. This allows
increasing or decreasing returns te scale to be reflected in the total
product. The exponents k and J are the ceefficients of elasticity of
£ with respect to labor (L) and capital (C) while b is a constant.
The broader functien is linear in logarithmic form and the values of
b, k, and j can be estimated by the method of least squares.

Empirical Studies in Agriculture

Tintner pieneered production functioms in agriculture by using
Durrand's modified regressien equatien to derive productivity estimates
of wvarious input categeries for 609 Iowa farms for 191;2.7

Tintner and Brownlee used detailed farm acceunt records of L68

Iowa farms to derive estimutes of earning power for categories of

inputs and investments for the year 1939.8

5
sTintner, op. cit., p. 31.

David varand, "oeme Theughts on Marginal rroductivity with special
erence to rrofessor Louglas! is," Journal of rolitical

Ecenoy, XIV, (vecember 1937), pp. 7LU-T58.
7
BT:L‘.ntner, mo _c_:LE., ppo 26-3'40

Gexrhard Tintner and u. H. Brownlee, "rroduction Functions Derived

fron Farm Records,* Journal of F. = 1
oo sl g cords,” Journal of Fam Econamics, VI, (ugust, 19LL),
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Heady followed Tintner and Brownlee and fitted the function to
data from a randem sample of 738 Iowa farms for the calendar year 1939.°

Flemip, at Montana state College, used a random sample of wheat
farms to study reseurce productivity on Montana dry land crop farms
for the year of 1950.1o

vrake at Michigan used farm account records for they ear of 1950
to gain estimates of the marginal productivity of inputs.ll

In 1952, Jehnson at the University of Kentucky, used a non-
representative or “purposive sampling” technique to select 23L Western
Kentucky farms for Cobb-Douglas an.m.];rs:?.s.l2 rurposive sampling is
a refinement of Tintner's random sampling method and urake!s farm
account sampling technique. It is a method of selecting sample farms
that are not in scale line adjustment, thus reducing the intercorre-
lation among imput categories and thereby increasing the reliability
of the estimated regression coefficiemts.

[r—

91531-1 0. Heady, "rroduction Functions From a Random Sample of Farms,"
Journal of Farm sconomics, XXVIII, No. L (November, 19L6), pp. 989-

10
Darrell F. Fiemp, Resource rroductivity on Montana Land Crop

Farns, Mimeograph Clrcular 66 (Bozeman: Montana otate College,
~gricultural kxperiment station, 1952).

ul.-auis Schneider urake, "Problems and Results in the Use of Farm
4ccount Records to verive Cobb-vouglas Value rroductivity Functions,”
(Unpublished Ph. b. vissertation, Department of Agricultural
Economics, Michigan State College, 1952).

Glenn L. Johnson, sources of Income on Upland Marshall County Farms,
Frogress Report No. 1, and sources of Income on Upland McCracken
County Farms, Progress Report No. 2, (Lexington: Kentucky Agri-
Cultural mxperiment station, 1952.




similuar studies employing purposive sampling techniques have
been completed by Toon13 at Kentucky and Wagleyu‘ at Michigan.

since then several modifications and additions to Cobb-Douglas
15

production functions have been made at Michigan by Trant™ and

carter.16

rroduction Functions

The production function or input-output relationship is expressed
in the following generalized form'' Y = F (X;, Xp, X3, A} oevs X;)
where Y refers to the value of the output and x's refer to the inputs
oxr quantities of the various resources used.

If all inputs are variable and can be increased in constant
pProportions, then the ocutput increases in constant proportions as

i1 Justrated geometrically in Figure IT.

13'I'hms G. Toon, The Earning Power of Imputs, Investment, and Expendi-
‘tures on Upland Crayson ty Farms During 1951, Progress
No. 7 ,_'(I.e%i'aom Kentucky Agricultural Experiment Station, 1953).
])"Robert Vance Wagley, "Marginal Preductivity of Investments and Expendi-
tures, Selected Ingham County Farms, 1952," (Umpublished M. S. Thesis,
Departnent of Agricultural Ecenemics, Michigan State Cellege, 1953).

1
sGerald Ion Trant, "A Technique of Adjusting Marginal Value Productivity
Estimates for Changing Prices," (Umpublished M. S. Thesis, Department
of Agricultural Ecenmmics, Michigan State Collegs, 195L).

16
Harold 0. Carter, "Medifications ef the Cobb-Deuglas Function to
Destroy Censtant Elasticity amd Symmetry," (Unpublished M. S. Thesis,
Department of Agricultural Ecomemics, Michigan State University,

1955).
17 ‘

RAchard G. D. Allen, Mathematical is for Economists, (London:
an(_i Co., 19E:): pp. 20L-291.
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(Ll, Xz, A3,ooao.olooo, A-n)

Figure II. Total thysical rroduct, A1l Inputs Variable and
Increased in Constant Proportions.

When some inputs are held constant and others variable, the
*law of diminisghing returns"!8 or the "law of variable proportions"
holds true. This relationship is stated as fellows: as more units
Of variuble inputs starting from zero are added to fixed inputs, the
total physical product19 increases at an increasing rate, then

increases at a decreasing rate and then decreases.

——

e J. Stigler, The Theory of Price, (New York: Macmillan Co.
1950?, op. 1162, @ == ’

This relationship also holds true for the marginal and average
Dhysical product. See Sidney Weintraub, Price Theary, (New York:
1 tman Publishing Co., 19h9), pp. 78f.
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The influence of fixed inputs is responsible for the occurrence
of diminishing returns. For example the subfunction Y = f(xyxghz «..,Xy)
as illustrated geemetrically in Figure III shows the effect of fixing
X3 +eoXp While x; and xp are variable. |

The production function is divided into three stages. The second
stage as illustrated in Figure III is the only rational ene to produce
in if it pays te produce at all,Z°

The Cobb-Louglas functien is capable of shewing only one of the
three stages of produc:bion at a time; therefore, since most farms are
assumed to be operating in Stage II, purposive sampling is used to

select farms that are operating in this stage.21

Value Productivity Functions

In order to locate the optimum amount of inputs to use in produc-
ing a product and also in order to determine the amount of a product
to produce, the price of inputs and ocutputs as well as the physical
relationships must be considered. The physical productien relationships
outlined in Figure III are multiplied by the price of the product in
oxder to convert them into value productivity relationships. a value
Progductivity functien expresses the relationship between the value of
the products produced and the inputs and investments used in producing

———

o
51518181', _OB. c—j-t-.’ pp- 121‘-125.

1
Lawrence A. Bradford and Glemn L. Johnson, Farm Management analysis,
(New York: John Wiley and sSens, Inc., 1953), p. 1L5.

2
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stage I stage II Stage III
i

(x1’ X2,| X3, ee0csesccccey xn)

Figare III. uviagram showing the Law of Diminishing Returns.
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those products.22 In Figure III the marginal physical product and
the average physical product are multiplied by the price of the product
(Y) and are thus converted into value productivity relationships. In

Figure IV they are labeled, MVP, meaning marginal value product and

AVP, meaning average value product. Since the total physical product

is expressed in physical terms it is labeled TFP in Figure IV,
The optimum amount of an input to use in producing a product is

demanstrated by the intersection of the price line labeled PX; with
At this point the MVP - PX;

the MVP curve or at point C in Figure IV.
which means that the value of the marginal product is equal to the
cost of the last unit of input. Beyond C, the dollar returns derived
by using another unit of input is less than the cost of the input.
Use of less than C amount of X; would permit additional profits to be
made by using the additional units of Xl which would yield a dollar
return in excess of their cost.23

In Figure IV the law of diminishing returns is reflected in the
margingl and average value product and the total physical product as
they start from zero and increase at an increasing rate, increase at
& decreasing rate and then finally decrease. This phenamenon is
caused by the fixed imputs, X, --- X . The law of diminishing returns
also halds true when more than cne variable input is used in the pro-
ducti on process. This means that marginal returns to single variable

inputs or to groups of inputs first increase, then decrease, and

\
rr
Glenn L., Johnson, "The Cobb-Douglas Production Function with Special

%‘fereme to Fitting Value Productivity Functions for Farm Businesses,"
E:ntativa draft of a technical bulletin, Department of Agricultural
23 Onamics, Michigan State University, 1956, p. 3.

Bradford and Johnsen, op. cit., p. 119.
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Value

Dollars

s

xl X2’ x3 ,ocooooxn

Figure IV. Diagram showing the relatienship between the value
. of marginal product, total physical preduct, average
value preduct andt he price ef the variable input.
X; is variable and X5 .... to X, are fixed.
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finally becare negative. When more than one variable input is used
in the production process, these inputs are properly used when the
ratio of the cost of the input to the marginal product of the input
is the same for all inputs used in the production process.

The amount of Y produced by C units of Xl in Figure IV is found
from the TPP curve at a point directly above C which is represented
by D units of Y. The basic econamic principle of matching added

returns to added costs of producing these returns is used to determine

an optimum amourt of Y to produce.

The basic principles of marginal analysis formulate the framework
for wusing algebraic functions such as the Cobb-Douglas function to
Provide estimates of the returns to categories of inputs. By using
these estimates a manager can see what returns are being received
for the inputs and investments used in the production process. He
also is able to use these estimates to answer the basic question of
how much Y to produce and how much of X, to X, to use in producing

that amount of Y.

Another important point to consider in using algebraic functions
is that the basic law of diminishing returns holds true for all
functions., The Cobb-Douglas function is capable of reflecting dimin-
ishing returns for any input or investment category.

An ideal value productivity function for an individual farm
busine ss reflects only the actual relationships between groups of
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2
inputs and investments and gress income. L

It is doubtful that any single algebraic function can accurately
predict all ef the actual relationships between groups of inputs and
investments used in producing gress income. The Cobb-Douglas type of
analysis used in this study te derive value productivity estimates
is one of many possible algebraic methods for arriving at an estimute
of a real value productivity functien.

In practice the theoretical shortcemings of each algebraic func-
tion are multiplied by the practical shortcemings arising in the
collection of data, grouping of inputs, and unexplained residuals
resulting frem uncentrollable variables. These factors cause the most
preecise method te fall short in reflecting accurately all the character-
istics of the actual relationship between gross inceme and the greups

of investments and expenses.

Cobb-DouQas rroductien Functien

The first step in understanding hew Cebb-Deuglas value productiv-
ity estimates are used in farm business anilysis is to present the
characteristics of an ideally fitted Cobb-Deuglas function.

The general form of a Cobb-Douglas function 1s ¥ = axy ¥, Xp 2,
See., ann where T is output, Xy, ..., X, are inputs, the "a" is a
Constant and b) ... by are censtants measuring the elasticity of Y

With respect to the corresponding X
——

2]
Jahnson, “The Cobb-Douglas Production Function with Special Reference

to Fitting Value Productivity Functions," op. cit., p. 3.
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principle characteristics of an ideally fitted Cobb-Douglas

function are outlined by Johnson as follows:2

(1)

(2)

(3)

(L)

(5)

It is easy to estimate its constants by ordinary least-
squares regression methods after a simple logarithmic
transformation of the raw data.

It can reflect a tendency in data toward diminishing
positive, increasing pesitive, diminishing negative, and
increasing negative marginal returns to individual groups
of inputs and investments.

It can reflect a tendency in data teoward diminishing pesi-
tive, increasing positive, diminishing negative and
increasing negative marginal returns to the tetality ef
groups of inputs and investments.

The bils are elasticities of gross income with respect te
the correspending inputs.

a. as elasticities are constant over all ranges of the Xi's,
Cobb-pouglas functions display constant elasticity
throughout. This means that, at best, the Cobb-Douglas
function can approximate only a seguent of the ideal
production function.

b. The sum of all the bi's is the elausticity of gress
income with respect to all measured inputs and invest-
ments. Thus, if £ bi's > 1 increasing returns, if
& bi's < 1 decreasing returns and if & bits = 1
constant returns te scale exist on the functien.

The marginal value productivity of an ii, which is the
increase in gress inceme resulting from an increase in the
use of xi with other reseurces held constant, 2ga.n be computed
frem the following equation: MVPXi - 1&512 where E(Y)

is the expected gress income of the set ef Xi's under cen-
silderation.

25
Ibid., p. 5.
P -._Y-- d(ax bi)gbz bn). axb.llzbz bn 7
b 1 g2 emy )mbparg 2T am
-bi ulb onbz ooox’l
— X
-bik;(r)

4



39

(6) Estimated MVPy,,, are useful in locating least cost cambi-
nations of inputs and investments and highest profit levels
of operation; hence, they have great practical significance
in indicating profitable reorganization of farms as a basis
for both public and private policy.

Rules for Selecting Farms on the Same
Production Function

Toon outlined five conditions that should be met befare a group
of farms can be assumed to be operating on the same production func-
tion:

1. A1l farms should be operating at the same level of technology.
2. A1l farms should be producing similar products.

3. Inputs within each category should be in optimum combination.
L. A1l farms should be using the same inputs. 27
5. A1l farms should be on the same inherent soil productivity.

Grouping of inputs. Accurate grouping of inputs and investments
into meaningful categories of expenses and investments is a prequisite

for obtaining reliable survey results. Therefore, in designing the
schedule, the following rules of thumb for grouping imputs are sug-
gested by Glenn L. Johnson:

1. That the inputs within a category be as nearly perfect sub-
stitutes or perfect camplements as possible.

2. That categories, made up of substitutes (a) be measured
according to the least cammon denominator (often physical)
causing them to be good substitutes and (b) be priced an
the basis of the dollar value of the least-cammon-denami-
nator unit.

3. That categories made up of camplements (a) be measured in
terms of units combined in the proper proportions (which are
relatively unaffected by price relationships) and (b) be

—

27
Toan, op. cit., p. 20.
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priced on an index basis with constant weights assigned to
each complementary input.

L. That the categories of inputs be neither perfect complements
nor substitutes relative to each other.

5. That investments and expenses be kept in separate categories.

6. That maintenance expenditures and depreciation be eliminated
from the expense categories because of the difficulty en-
countered in preventing duplication. (This means that the
earnings of the investment categories must 89 large enough
to cover mainteniame and/or depreciatien.)?

Steps to Follow in Fitting a Cobb-Douglas Functien
to agricultural Data

A detailed acceunt of the general precedure te fellew in setting
up an imput-output study, selecting the sample area, selecting the
saawple farms, designing the survey schedule, collecting the data,
grouping the inputs, analyzing the data, fitting the function, statisti-
cal tests, and interpreting the results of the data will be presented
in the fellowing section.

Framework of rroduction Function study

rroductien function studies or input-eutput studies as they are
Commonly called by farm management extensien workers are used in agri-
culture to provide estimates of the earning power of categories of
inputs and investments that are used to generate gross inceme. The
general production function or input-ocutput relationship illustrates

how gross inceme of Y depends upon the inputs and investments. In the
28
Bradford and Jehnson, op. cit., p. 1Lk.




following general function Y = f(xl...xg*xg,,l....xn) + U the output
Y is dependent upon three classifications of inputs and investments.
The variable inputs (x; eeeeXg) ave studied while fixed inputs
designated (xg,,,l ...X,) are held fixed by the research design and the
urmeasurable and unstudied variubles designated U are assumed to be
randomly and normally distributed. Examples of studied variables are:

1, land

2. labor

3. livestock-forage investment
L. machinery investment

5. cash expenses

The fixed variables in an input-output study include seme of the
following facters:

1. type of farming

2. soil type

3. altitude

L. rainfall

5. technolegy employed

6. geographic location as it is associated with the grewing
season ‘

7. all farms employing the same inputs

8. data are selected for only one year of operation

The ummeasured and unstudied variables that are assumed to be randomly
and normally distributed in an input-output study include some of the
following:

1. managerial ability

2, geographic variations in price, weather and technology

3. variation of productivity within seil types

i. institutional facters

5. asset centrel

The general framework of an imput-cutput study is found in the
function described above where the output depends upon studied vari-

ables, fixed variables, plus certain unmeasured and unstudied facters
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that are assumed to be randomly distributed in the sample area. In
oxrder to measure accurately the units of inputs that are used to
create cutput during the farm year, a general sample design must be
set up. First of all, it is important te know the theoretical nature
of the function. This step is followed by analyzing the reseources
available for the study so that the intensity of the survey, the
methed of surveying, and number of farms swurveyed can be determined.
After selecting the sample area, the sample farms must be selected
and surveyed. The data must be converted into logarithms and least
sSquares regression analysis used to fit the function. The final step
is te compute statistical tests for the fitted functions and to
interpret the results of the study.

Research design. The first step that researchers may follew in

Setting up an input-output study is to state the problem, available
funds, and outline the alternative methods available to solve the
Problem, In Michigan the cost of using Cobb-Douglas analysis to
€ather information on efficiency of productien for an area has ranged
Trom § 900-1200 for a sample of 30-4O farms. This is approximately
$30 per processed schedule, including the field interview and the
Statistical computations. The cest of Cobb-Douglus studies will be
Tuarther explored in Chapter V. The studied variables usually include
land, labor, cash expenses, livestock-forage investment, and machinery
investment. The fixed variables will depend upon the area under
Study and the physical characteristics of the area that can be fixed
&nd jsolated by the researcher. For example, the ideal set-up for
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handling fixed facters would be to obtain an area that has fixed
patterns of soil, rainfall, type of farming, and se ferth., It is
realized that this is impessible; therefore, a researcher mst in-
clude telerance fer the factors that he is attempting to fix. The
unmeasured and unstudied factors must be carefully examined, because
one of two majer variations in these factors on a particular farm or
on several farms can bias the results so that they are umsable.
aAnother unstudied variuble assumed to be randomly distributed is
managerial ability. since it is impossible to classify or to measure
managerial ability, it is one of the variables that must be given
subjective consideratien by every interviewer.

Determining the sampling technique to empley. The three main

sampling techniques used te collect data for input-eutput studies are:
randem sampling, farm account records, and the purpesive sampling
technique. Before any one of the three can be recommended the character-
Istics of each mst be carefully examined. ]

The random sampling technique was used in the early Cobb-Deuglas
studies in agriculture whereby a mmmber ef farms (100-700) were
Selected to represent the universe or the cemplete data for the area.
This method involves selecting a certain percentage of farms in an
area without mich regard for the range in the quantities of inputs
used in the production process. For example, Tintner29 used randem

S&ampling te select 609 farms and HeadyBo fellowed by using the same

——

2
?Tontner, op. cit.

30,
Hea@, mo -c_!-.to’ ppt 989-100h0



procedure to select 738 farms. Minor restrictions such as limiting
the farms to more than thirty acres in size can be used in a random
sampling technique. The main limitation of this method is the cost
of collecting the data. at $30 a schedule,a 700-schedule survey
would cost approximately $21,000.
The farm account record system involves analyzing the data from
a selected rumber of farm account records to derive productivity esti-
mates. Johnson31 discovered the lack of data on the livestock-forage
and machinery investments was a major limitation of using farm account
records. In addition, farm account record farms are usually well
ad justed firms that are on a higher production function than the
average farms in the area. The well adjusted factor causes high inter-
correlations between the input categories and thereby causes high
standard errors of the bi's. The purposive sampling technique used
by Johnson? in Kentucky is a method whereby farms are selected with
A wide range in the quantities and proportions of inputs. The wide
Tange in the input categories reduces the intercorrelation between
the input categories; thereby, reducing the standard errors of the
re gression coefficients. The equation>> used to campute the standard
érror is:

—

2 8
Statement by Glenn L. Johnson, personal interview.

32
Johnson, Sources of Income on Upland Marshall County Farms, op. cit.

3

Ezekiel, op. S_i;b_o, P. 5020
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2
b 13.23 = ['s' 1.2h
n 032 (1-r2 3.2L)
where n = the size of the sample, (32 = the variance in X3, R? 3.2y =

the percent of variance in X3 explained by Xy and xh combined.

The three factors that affect the size of the standard errers
are: the size of the sample or n, the intercorrelations existing
among independent variables or R? and the range in independent vari-
ables as measured by Ux_i'z or /32 in the above example. as the size
of the sample or ﬂx‘iz increases or R> decreases the denominator increases
and the standard error of the bi decreases. In order to reduce the Fq,
the researcher can either increase the n which involves an additional
expenditure of funds for extra sampling, select farms that have a
wide variation in the quantities of inputs and investments so that
the R2 or correlation between the inputs is decreased and thus the
standard error of the bi will be reduced, or increase the range in the
observation of the independent variables. Suppose the following inform-
ation were available to a researcher: n = L0, R = .9 and 12 is 10,
A purposive sampling plan which decreases R from .9 to .8 would decrease
the standard error of bi as much as doubling the sample size n from
40 to 80.3h at $30 a schedule, the saving for LO records would be
$1200. In addition to saving money by using purposive sampling to
reduce the standard error of the bi! 8,this method also allows control

3hJ ohnson, "The Cobb-Douglas rroduction Function with Special Reference
to Fitting Value Productivity Functions,* op. cit., p. 20.
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to be maintained over the variables which the researcher wishes to
hold fixed. This means that instead of selecting farms from several
counties and running the chance of having wide variations in factors
such as soil type, rainfall, the researcher is able to maintain con-
trol over these factors when the sample area is restricted to a county
size and purpesive sampling is used.

Selecting the sample area. oSince the Cobb-bouglas function can

accurately predict returns for one type of farming, it is necessary

to analyze the area picked for the study and to determine if a sample
of 30 to L4O farms of a specific type of farming can be selected. The
usual area for accurate results in the mid-west section of the country
is from one to three counties with most cases falling in the one
county limit, If a larger area than several counties is used for the
sample area, it is difficult to maintain centrol over factors such as
the type of soil, rainfall, and type of farming. It was found in one
study in Michigan that increasing the size of the sample area from
one to three counties caused sizable unexplained errors in the results
so that the sample size was reduced te the original one-ceunty area.
Several suggested methods fer selecting the sample area are to consult
with the soil science department, county agricultural agents, visit
farms in the area under consideration and to compare the crop ylelds
and characteristics of the farms in the area by examining the census
data and individual farm account records. accurate sample areas cannot
be mapped out in the office as it takes a therough knowledge of the
lecal situatien before a balanced area can be selected.
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Selecting the mumber of farms., If purposive sampling is used to

select farms for fitting a Cobb-Douglas function, the minimum number
of farms to be selected on the basis of this study for a township or
county area would be 35, while the maximum would be around L5. This
allows five to ten schedules that do not meet the requirements fer
soil type, percentage of gross income frem one type of farming, or
other accounting errors to be deleted frem the sample. The minimum
usuable schedules necessary to obtain a reliable Cobb-upouglas fit ranges
from 25 to 35. The ideal method for selecting the farms is to plot
the range of input data on a simple chart before each interview is
taken. This method consists of asking a farmer the number of acres,
and the months ef labor, witheut getting involved in taking several
hours time to take the interview and then being forced to delete it.
For example, after finding a farm which produces more gross income
frem fruit than from its dairy enterprise, the farm could be by-passed.

Selecting the sample farms. The general criteria used te select

farms for the type of farming requirement is to require that at least
5u-6u percent of their gross income be derived from the type of farming
under study. Minor deviations frem the arbitrary standard can be made,
but the more precisely the data are taken frem a specific type of
farming area, the more reliable the results will be. In addition, the
farms should be on the same type of soil and should be using the same
inputs in producing the products.

Designing the survey schedule. The schedule should provide an

account of all factors used in productien during the year and the



L8

resulting breakdewn of the sources of income for the year. The de-
tailed breakdewn for the items to include in the survey schedule are

discussed in Chapter III,
Data emmeration. Several helpful guides for collecting the data

in the field include the following: record all data that is available
from reliable record books or farm plans; back up several years with
a farmer and draw a map of his farm so that he can recall the age of
the forage stand or the amount of fertilizer that was applied during
the year; include the entire share of the farm operation, as many
tenant farmers keep records for their share of the business only; and
finally carry a portable adding machine to check the totals of the
schedules taken during the day so that any questionable point can be
checked while the survey team is in the local area. about two hours
per farm are required to collect the basic data for Cobb-bouglas
analysis.

Analyzing the data. The first step in processing the schedules

is to set up a set of instructions to follow se that all schedules
will be handled in the same manner. This is especially helpful if
clerical staff workers are analyzing the data. The values of forage
stands, prices of products, yards of -lime to tons and other such items
should be clearly spelled out. It took about two to three weeks for
a clerical worker to analyze the schedules and make the necessary
computations for Cobb-Douglas analysis on thirty to forty schedules
in each township of this study.
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After each schedule is analyzed, it is suggested that the totals
for each farm by input and investment category and gross income be
recorded on a large table, This permits a quick comparisen of one
farm with another to detect any errors that were missed in the compu-
tations. The schedules are then re-examined and the ones that are
incomplete or fail to meet certain sampling specifications are deleted
frem the sample. about 15 per cent of the schedules were deleted in

this study.
Fitting technique. The general technique for fitting the function

was taken from kzekiel.”> The first step in fitting the function is

to convert all the inputs and investments for each farm into logaritims
and then set the logarithms up into a table. The linear multiple
intercorrelation procedure is used to fit the function. Cross multi-
plicatiens er extensions are cemputed for each variable for each farm,
the sums of which are the cross products. Check sums are used to

check the accuracy of the extensions. The Doolittle36 method is used
to solve the normal equations for the b's and the c's. The c's are
used to compute the standard errers of the regression coefficients (b's,.
The b's are then fitted inte the estimating equatien with the logarithms
of the geometric means of the inputs and the equation is solved for

the constant (log a). The antilog of (log a) is "a." The general
steps to follow in carrying out a Cobb-Uouglas function after the values
Of the regression coefficients (bi's) have been computed are shown in

—

Ezekiel, op. cit., sppendix I.
36
Ibid., p‘ 161.
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the following case:

Imput Quantity
Category of Inputs bits
Xp Land 12,1 .289740
13 Labor 18.’4 .160090
xj, Cash expenses 83,271 . 28L4260
xc Livestock-forage 87,227 322018
Xg Machinery $6,073 .139422

Value of a = .L2LL9SL
n = 3u farms
The general equation for fitting a Cobb-Louglas function that has one
dependent and five independent variables is:
I I

The meaning of each of the symbols in the equation will be explained.
The a is a constant; b2.....b6 are referred to as regression coefficients,
for they measure the amount of change in iy with a unit change in
X5.e0Xge For example, the value of b, of .289740 indicates that a ene
Percent increase in the amount of land used in the preductien precess
Wwenld cause a .289740 percentage increase in the gress inceme., The
regression coefficlents are alse called elasticities. The Xp ....Xg
are the geemetric mean preportiens of the inputs used in the preductien
Process. For example, the value of X, was 12,1 acres. This is the
geenetric mean average of the ameunt of land that was used en the 30
faxrms in this case. Gress incems is designated X, in the abeve
equatien.
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The next step is te cenvert the mean values ef the input and
m;mm categories, Xs...Xg, inte logarithms. The logarithms of
_ X5 eeeXg, value of a, and by..bg are substituted in the equation in

erder to solve fer xl.

Leg X1 = L2l + 289740 (2.152576) + .160090 (1.263663) +
.284260 (3.514655) + .322018 (3.858956) ¢ 139422 (3.783L25)
Log X3 = 14.019703, the antilog ef which is $10,L5L.

This illustrates hew the geemetric mean preportiens of 1L2.1 acres
of land, 18.L months ef laber, $3,271 ef cash expenses, 37,227 of
livesteck-ferags investment and $6,073 of machinery investment preduced
a gress inceme of $10,46l on the 30 farms in this case.

The general statistical data for the functien are expressed in
the fellowing section.

The mﬂ.tiple' correlatien coefficient (R) measures the relation
of gross inceme with the independent variables such as X, . oody in
this case study. It dees net tell anything about the relative impertance
of each independent variable, but it does give an indication of the
over-all effect of the variable upon the gress income. If no errors
were made and all variables were included in the maltiple cerrelation,
the mltiple cerrelatien would approach 1.0. s high ceefficient of
multiple determination such as .91 in this case study connotes a high
degree of association between 12 +esXg and xl. In many cases this
high coefficient might be caused by only one or twe variubles; so it
is important te compute simple cerrelations of the independent variables.
These will be presented in a later sectien in this chapter.
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The coefficient of determination ar R? indicates the percentage
of variance in gross income that can be explained by the independent
varisbles. In this case the value of R® was .8l which meant that 8l
percent of the gross income is accounted for by the five independent
variables. The remaining 16 percent is unexplained, as it might come
from factors such as management, soil variation, weather variation and
other factors that were not studied but were assumed to be randamly
and normally distributed. It is important for a sample to be able to
have a 70-90 percent of its gross incame be explainable by the inde-
pendent variables, as predictions for farm reorganization are of
limited value if they are based on inputs that only partially explain
gross income.

The standard error of estimate 5 of gross income indicates the
closeness with which values of the dependent variable may be estimated
fran the independent variables. Small standard errors indicate low
degrees of variability, whereas large standard errors reflect a large
degree of variability within gross incame. The standard errar of
.08793L faor the logarithm of gross income of 4.019703, the antilog
of which is $10,L6lL, means that two-thirds of the time the gross
incame for the sample farms would fall within the range of $8,546 and
$12,813. If the standard error were much higher in this study, the
range of gross income for two-thirds of the farms might be fram $5,000
to $15,000; thereby, causing the prediction of gross income on farms
to be of limited value.
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The standard error of estimate of the regression coefficients was

discussed in this sectien on page L5.
Marginal value products. After the bi's, a, and X; are computed,

these factors can be substituted into the general equation

MVP x; = bi E(Y) in order to determine the marginal value products of
the five input and investment categories. The marginal value preduct
refers to the ﬁet returns to the categories of inputs or investments.
In the above equation the B(Y) is the expected gross income or
$#3.0,L6l that will be produced by the set of X, .. Xg. The bi in the
equation refers te the regression coefficient or elasticity that is a
constant for the x. The X; refers te the geemetric mean of the in-
Put er investment categery. Both E(Y) and X; are measured in natural
xTambers., Forem:plethe)NPofxz in this case will be cemputed.
The»value of X, = 142,1; the value of bi = ,289700 and the E(Y) =
$1.0,)6), ‘Substituting these values in the abeve equatien gives
MVP X, = .289740 égm,@g) or an MVP X; of $21.33, This means that
the marginal valne product of the last acre of land applisd te the
Productien precess weuld return $21.33 above the cost of planting,
haxrwvesting that acre of land.

Marginal value product estimates are of value te farm managers,
tea&:hm, extensien agents, extension researchers and credit agencies,
for they provide estimates ef the earning power of inputs like cash
SXPenses and land for a specific area and a specific type of farming.
The Problems of budgeting are greatly simplified if information is
&V'ad Jable on marginal returns of the majer categories of inputs and
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{rrvestments. For example the basic principles of expanding output

until the marginal value product equals the marginal factor cost can

easily be derived by cemparing the estimated marginal value products
with the costs (sometimes subjectively determined such as the minimum

costs of depreciation, repairs and maintenunce of farm machinery) of
using that input or investment. If a manager requires a 20 per cent
return on his machinery investment and finds the marginal value
product of machinery imvestment yields a five to ten per cent return,

the logical move is te decrease the ameunt of machinery for the

pxresgent combination of inputs. If he finds that land and other inputs

need to be expanded relative te the machinery investment it is
pPossible to cambine the present machinery investment with the expanded
A nputs so that a mere prefitable total reorganization will result.
Using this method allows a farm operator te increase the returns to
the machinery investment while at the same time the returns for the

Other imputs and investments are increased.
~ sound decision as to how to best reorganize the farm operation

Can be made only after comparing the returns to all inputs individually
but gt the same time, For example, the returns to cne input or in-
Vestment might indicate a reduction in the use of that input would
inerease gross incame while another imput could be expanded to increase
Eross incame. It is therefare necessary to consider the over-all

@ fect of expanding or contracting the use of all inputs or investments
Tather than trying to rearganize the farm on the basis of changing the

USe of me input at a time.
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A detailed discussion of the factors to consicer in inter-
preting the results of Cobb-Douglas analysis as a measure of
econanic efficiency will be discussed in Chapter IV. The interpreta-
tion of the results for extension evaluation will be presented in

Chapter V.



CHAPTER ITI
COLLECTION OF DATA AND FITTING THE FUNCTION

The data for this study were taken from thirty-eight dairy farms

in almont experimental township and forty dalry farms in Burmside

control township in Lapeer County for the year of 1953. These areas

wvexre selected for study because they represent one of the five experi-
mental and control townships in the township extension program in
which the writer interviewed some of the farmers and is familiar with
the dairy type of farming operation being carried on in both townships.

The Sample Townships

almont experimental township is six mlles square in size. It

had 181 fams in 1953 of which 65 were dairy farms, twelve vegetable

farms, six comercial orchard farms and the remaining 98 were engaged

An gepersl faming.l The township agent, located in the village of

Almont, assists only the slmont township farmers interested in the

townghip extension program.
The Burnside control township is located twelve miles north of

“Imont township and is gix miles by nine miles in size. In 1953,
thexre yere 251 farms in Burnside township, the higher number of farms

e —

1
*(C'-bert Hall, "Monthly Report of almont Township Extension agent,"
Micoomrative Extension Service, Michigan State College, East Lansing,

el"igm’ 1953 )0
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than in almont township being partly attributed to the larger size of

Burmnside tmmship.2 Dairying is also the major enterprise of most

farms in Bmmside towmship. The farmers in Burnside control township

receive assistance from the Lapeer County extension staff leocated in
the vill.ge of Lapeer which is 24 miles southwest of the village of
Buxnside., Lapeer county extension agents serve about 3,000 farmers.

Ethnic Groups

The farmers of Almont and Burnside townships are primarily of
West European origin.

Market Outlets

The principal fluid milk ocutlet for both townships is located at
Imlay City which is 13 miles north of the villuge of almont and nine
miles south of the village of Burnside. The county seat of Lapeer,
an excellent farm shopping center, is fifteen miles northwest of

“lmont and twenty-four miles seuthwest of Burnside.
soil Type

The soils for slmont experimental township are level to rolling
that have been developed from glacial till. They are primarily Miami
ANxA  Conover seil type, relatively high in fertility and are suitable

——

2

Statenent by James Nielsen, personal interview.
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for row crops such as beans, and corn.3

The soils of Burnside centrel township are of twe major classifi-
cations: The nerthern twe-thirds ef the tewnship has a nearly level,
fertile type of seoil that is high in organic matter. The seuthern
third of the township is cempeosed of hilly, well-drained seils that
have a low fertility. Fer this reasen the sample of farms surveyed
in Burnside tewnship was taken frem the nerthern twe-thirds ef the
tewnship, fer the soil asseciatien clesely matched the seil ef Alment
township. Two farms located in the sandy section ef Burnside township
were included in the centrel sample but were later remeved frem this
study, as they were en a lewer productien functien than the remaining
farmg in alment experimental and Burnside contrel tewnship.

The seil types in almont and Burnside tewnship have approximately
the same inherent characteristics and the same level of preductivity
with the exception of the sandy seuthern third ef Burnside fcwnahip.b

Climatic Facters

Altheugh a wide variation in the length of grewing seasen exists
in many areas ef Michigan, the length ef grewing seasen fer beth the
experimental and centrel townships is frem 150 te 170 days. ~Since
the tewnships are lecated 15 miles apart there alse is little

3

Hugene whiteside, Ivan Schneider and Ray Coeek, Scils ef Michigan,
Special Bulletin 402, Michigan state University, Eest Lansing,
Michigan, 1956, pp. 39-L6.

,"‘o‘ta.temmt by Eugene whiteside, persenal interview.
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variatien in the ameunt ef rainfall per seasen and the date ef
i‘reezing.5

Pregent Land Use

Lapeer ceunty, in which beth tewnships under study are lecated,
is a majer dairy and cash crep area. It is clese ensugh te the large
nearby markets te faver dairy preductien and general farming. Dairy-
ing is the mest impertant enterprise fer the area and en many farms
it is the sele seurce of inceme. The mmber of dairy cews per farm
is ameng the highest areas in the state. Dry field beans, wheat, and
cern are the majer cash crops. The ten year, 1942-1951, average crep
Yields fer Lapeer and twe surreunding ceunties were: cern 32 bushels,
cats 38, wheat 2L, barley 27, field beans 1l bushels, and hay 1.k
tens per acre. The average size of farms in 1950 in Lapeer ceunty was

117 acres.6
Lata Emmeratien

The sample of farms for this study is cempesed ef dairy farms
frem alment experimental tewmship paired with dairy farms frem the
matching Burnside centrel tewnship.

The farms fer the experimental tewnship sample were selected after
checking the ceunty sgricultural Stabilizatien Cemmittee recerds of

5
tlten Hill and Russell Mawby, es of Farming in Michigan, opecial
Bulletin 206, Michigan State c-%_ Eaat Lansing, Michigan, 195k, p. 9.

6
Lbid', P- 3’4.
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the 181 farms in the experimental tewmship with the tewnship agent,
project evaluater, and the beard eof directers ef the alment Tewnship
Extensien asseciatien.

A gchedule (see Appendix A) was designed te furnish the tetal
dellur value of eutput in 1953 including inventery changes, and the
quantities of varieus resources empleyed during that year in preducing
that eutput. The 1953 data were emumerated in 1954 by a field swrvey
team. The tetal interview fer traditienal farm acceunt data, Cebb-
Douglas data and a net worth statement teek appreximately twe te three
heurs per farm. sbeut ene hewr per farm was used te acquire the
special data fer Cebb-Uouglas analysis. The special infermation
cellected fer Cobb-Deuglas anwlysis included the fellewing items:

Ferage investment (page 3, appendix A)

a. Cost ef peremnial seeds and plants used in 1953,

b. Hay and pasture inventery en Jamuary 1, 1953. This
included the kind, acres, age and cenditien eof all hay
and pasture fields and the menth that any field was
plewed dewn during the year.

c. The cest of machinery hired fer nermal land reclumatien
was alse recerded fer this categery.

Livesteck Investment (rages L-5, ~ppendix A)

Beginning inventery value of all breeding steck plus the
mmber of cattle raised, er died, and the mumber, value,
and menth in which any breeding steck were purchuged or

seld during the year.
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Machinery Investment (rages 5-6, Appendix A).

. The Jamary 1, 1953 auctien value ef all muchinery and
equipment including the farm shure ef the aute. In
additien the date and value ef any machinery er equip-
ment purchased er seld during the year were recerded.

Cash Expenses (rage 11, Appendix A)
altheugh all cash expenses wers cellected for traditienal
farm management analysis only a pertien ef seme items were
included and seme entire items were deleted fer Cebb-
Deuglas analysis.

Building Capacity (Page 8, Appendix A)
Data were cellected en farm building capacity fer all
breeding livesteck. The return te this categery was not
cemputed in this study.

Gross Inceme (Pages ), 8-10, Appendix A)

In addition te the infermatien en cash receipts and inventery
changes in livesteck, feed, and seeds, the value ef family
living furnished by the farm was cellected fer Cebb-Deuglas
analysis.

Al]l infermatien cellected was treated as cenfidential; seme
farmexg were reluctunt te disclese financial infermatien unless it
Weuld be used enly fer research at Michigan state University.

The farms for the centrel tewnship were selected after checking
the ceunty agricultural stabilization Cemmittees statistics fer the
51 faxwmg in that tenship with the preject evaluater, ceunty agent,
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preceding ceunty agent, and members of the survey team. Un the basis
of Tremblay's’' pairing ef farms in the Verment Farm rlanning study,

38 farms in the centrel tewnship were paired with the 38 farms in the
experimental tewnship. These farms were paired as clesely as pessible
en the basis ef the fellewing facters: laber ferce available, age eof
the oi)era.tor, total acres, tillable acres, number of cews, and the
nachinery investment. Tweo additienal schedules were cempleted in the
centrel tewnship making a tetal of LO schedules cellected fer the
centrel tewnship and 38 in the experimental tewnship.

The fellewing empirical techniques were used in this study in
order te satisfy the conditien that all farms are eperating en the same
preductien functien as eutlined by Teen and queted in Chapter II eof
this study:

1. The sample was restricted te sgingle enterprisge dairy farms
which derived the majer pertien eft heir gress farm inceme
frem the sale of dairy cattle and dairy preducts.

2. Lata were secured for the year 1953.

3. 411 five input and investment categeries were used en all
farmg in the samples.

L. trices ef feed, seed, livesteck were held censtant fer the
begiming and ending inventeries. This allewed the marginal
value preductivity estimates te reflect the true earning

7Raymond Tremblay, "Verment Farm Plamming Study,“ (vepartment of
Agricultural Ecenemics, University ef Verment, Burlingten, Verment,

1953/, p. 1.
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power ef the input and investment categeries rather than
be biased by the effects ef inflatien er deflation of farm
prices during the year of the study.
5. The twe samples were restricted te seil associatiens having
the same inherent productive capacity.
rurpesive sampling was used te select a wide range of quantities
and prepertions ef imputs used. This methed allews a smaller mmber
of faxrms that are net in cempetitive adjustment te be used in a sample
than randem sampling er farm recerd preject samples permit. This
precedure reduces the cerrelatien between inputs which in turn reduces
the standard errers of the regressien coefficients. rurposive sampling
alse reduces the cest of collecting data as cempured te randem sampling
because of the smaller number (30-4O;, of farms required fer a sample.
un the basis ef thegse coenditions informatien cellected en the 38
farms in the experimental and LO in the centrol tewmship included:
Xy = Gress inceme measured in dellars
Xo = Land, measured in tetal till.ble acres
X3 = Laber, measured in total menths used en the farm
Xh = Expenses, current eperating, measured in dellurs
Xg = Livestock-forage investment, in dellars
)L6 = Machinery investment, in dellurs
Gress inceme (X;). This includes sales of all creps, livesteck

and livesteck preducts; plus er minmus changes in inventory ef feed,
seeds, crops, livesteck or ether farm-preduced preducts; and the value
of family living furnished by the farm. Govermment payments were
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excluded as they were not considered income from farm-produced
products. Changes in inventory value of buildings and machinery due
to depreciation were excluded from gross income. Therefore, gross
income should be large enough in this study to cover the maintenance
of the machinery and building investment. The value of farm buildings
wag not counted as an input in this study; so gross income does not
include the rental value of the farm residence.

Land (X,). This category includes the tetal mmber of
acres of land owned, rented, or leased by the operator. It was
measured in tillable acres. Both townships are highly developed, so
practically all productive land is being utilized. In order te obtain
an accurate estimate of the productivity of land, all land in woeds,
nontillable pasture, reads and bullding sites were excluded from this
input cate.gory. The dellar value of land is difficult te estimate,
therefore, lund was measured in physical terms.

Labor (X3). Laber was measured in total months of labor used on
the farm during the year. This includes the operater's l.bor plus
hired and family labor. If the operator worked off the farm part-time,
the time he spent off the farm was deducted from the mumber of months
(usually twelve months) he might have spent on the fam.

Current operating expenses (X)). Included are all current
operating expenses expected teo yield dellar for dollar returns in a
given year. It includes the fellewing items: feed purchased, anmal
seeds and plants purchased, custem werk or machinery hired, gas and

oil for farm use, livestock expense, fertilizer and lime expense,
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farm share of electricity and telephene, farm share of the auto and
truck gas and oil, feeders purchased, value of clover stands
destroyed during the year, beginning imventery value of feeder live-
steck, and the value of perennials plowed dewn during the year.

The cost of lime was included in the expense categery because
the farms in both tewnships that did apply lime during 1953 all used
the normal maintenance rate of application. The cost of fertilizer
was also included in the expense category as no excessive rates of
application during 1953 were encountered on the sample farms.

Beginning inventory value of feeder livesteck plus the value of
feeders purchased during the year were treated as an expense item, as
feeders are expected to return a dellar fer each dellar invested
during the year.

Livestock and ferage investment (15). This includes the dellur

value of the investment in ferage creps and breeding livestock for
the 1953 year. Becamse of the high complementarity existing between
forage and forage-censuming livesteck, the twe were cembined inte one
category. The investment figures were cemputed separately fer forage
and livestock. Then the twe were cembined inte this categery. The
tetal ferage investment was computed by taking the begimning ef the
Year inventory value of all hay and pasture stands, plus the cest of
machinery hired fer land reclumatien and the cost of peremnial seeds
purchased during the year, mims a preportional credit for hay and
pasture stands destreyed during the year. Beginning inventery value
of hay and pasture stands included the cest ef laber, seed amd
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fertilizer of establishing stands plus the subjective value of the
stand in future years. Wagley and members of the Soil Science
Department of Michigan State University cemputed the sgeries of prices
which were used for hay and pasture stands ranging from $28.22 per
acre for first-year alfalfa-breme stand in excellent cenditien to
$7.07 for third-year alfalfa-breme stand in poor cendition te $5 per
acre for permanent June grass and secend-year clever stands.8 The
age, conditien, name of each grass or legume, and the mumber ef acres
in each hay er pasture field was recorded on each surveyed farm
schedule in erder to determine the begiming of the year inventory
values.

The livesteck investment was cemputed by taking the beginning
inventory of breeding steck plus proportienal credit for breeding
stock purchased during the year mims proportional credit for breeding
steck sold during the year:

Machinery investment (Xg). Included in this categery is the

entire machinery investment for 1953. It is cemposed of the Jamary

1, 1953, auction value of all machinery and equipment, plus a pre-
portional credit for machinery purchased during the year, mims a
proportienal deduction for machinery sold during the year. The minimm
return te the machinery investment must be high enough te cever
maintenance, depreciatien, interest, plus whatever subjective returns

deemed necessary by the manager.

8Based on unpublished data on estimated establishment costs fer forage

crops and small grains, cempiled by Harry wWilt, vepartment of Agri-
cultural kconomics, Mjchigan State College.
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The Sample Farms

The nature of the sample farms may be derived by shewing the range
in the data fer the several catesgories ef variubles studied and the
"ugual"’ farm orgamization.

The "usual" erganization for the farms im the experimental tewn-
ship and centrel township is shewn in Table 1.

TABIE 1

COMPARISON OF THE GEOMETRIC MEAN ORGANIZATION OF THE EXPERIMENTAL
TOWNSHIP WITH THE CONTROL TOWNSHIP, 1953

Input Categery Experimental Control

Township Township

X2 land, acres tillable 2,1 153.3

X, Laber, menths 18.L 17.2
X, Cash expenses $,211 $3,188
¥ Livesteck-ferage investment $7,227 $7,078
¢ Machimery investment $6,073 $6,18

A comparison of the "usual" organizations in the two townmships
points eut the high degree of similarity in the quantity of inputs
used. little variatien in cash expenses, or machinery investment was
found in the twe tewmships while a small difference in the amount of
land, laber inputs and machinery investment existed. The “usual®
organization ef the centrel farms had eleven acres more land with one
month 1ess. labor than the "usual" farm organization. The cembinatien

9Tho usual organizatien is censidered te be at the geemetric means of

the various input categories.
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of reseurces in Burnside control farms ylelded a gross income eof
$11,065 or $601 more than the nlmont gross income of $10,L6L. The
range in gress income, inputs, and investments in the two tewmships
is shewn in Table 2.

TABIE 2

COMPARISON OF THE RANGE IN INFUTS, INVESTMENTS, AND GROSS INCOME
IN THE EXPERIMENTAL AND CONTROL TOWNSHIP, 1953

Category Experimental Control
Township Township
Gross inceme $4,576-$29,951 $3,583-$21,818
Land © 33-361 75-328
Laber 8-42 6-38
Cash expenses $1,268-$7,116 $1,277-89,08L
Livestock-forage $3,610-$23,096 $4,131-$13,102
Machinery $2,565-$15,006 $2,101-$13,393

The toetal of 78 schedules, (LO frem the centrel tewnship and 38
frem the experimental township) were carefully analyzed. oince the
Cobb-Douglas function prevides reliable estimates for only single
enterprise farms, it was necessary te select a hemogeneeus sample of
dairy farms that derived their majer pertion of gress farm inceme from
the sale of dairy preducts and dairy cattle. Thirteen schedules
which failed te satisfy the hamogeneous dairy type-of-farmming classifi-
catien or ether acceunting requirements were deleted frem this study.

Five of the 38 experimental township farms were deleted for the
following reasons: twe were fruit farmms, two farms eperated enly nine
months during 1953, and ene was a cash crop farm. This left 33
usable schedules for the expearimental tewmship function.
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Eight schedules of the original 4O were deleted fram the centrol
township sample for the following reasons: three were beef cattle
farms, two had incemplete schedules, one was a peultry farm, one
farmer was a cattle dealer, and ene farm had only one cow., This left

32 usable schedules for the contrel township function.

Fitting the Functien

a total of 65 schedules, 33 for the experimental towmship and 32
for the centrol tewnship were used to fit the first Cobb-Douglas
function. The totals of each input and investment category and gross
inceme on the 65 schedules were converted into logarithms.

The Doolittlel®

methed of multiple cerrelation analysis was used
te fit twe least squares regressien equations te the logarithms of
the data; one for the thirty-three farms in experimental township and

one for the thirty-two farms in control tewnship.

The Experimental Township Results

The regressien ceefficients and associated standard errers that
were obtained by fitting the functien te the 33 experimental tewnship

farms were:
Land bo = .289740 I ,126122
Laber b3 = .160090 T .1187h6
Expenses by, = .284260 = ,12298)
Livestock-forage bg = ,322018 }_’ 128456
Machinery bg = .139422 = .111520

0
1 Ezeldel, op. cit., appendix I.
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The comstant (log a) was computed and found te be .L2Lhhoh. In
natural mmmbers the fitted regression equatien was:.

x = L2l -x, ‘28?7h°x3°16?°9°xh'23‘.‘2601:5'3220181(6'1391‘22

The geemetric mean cembinatien of imputs for the experimental
township yielded a gress income of $10,L6k.

Least squares regression analysis provides three types of inform-
ation about regression coefficients--the ameunt of change, the pro-

1 The amount

portionate impertance, and the accuracy ef the estimate.
of change is indicated by the value derived for the regression co-
efficient, the proportionate impertance by the correlatien, and the
accuracy of the estimate by the standard errer. These three factors
were used to appraise the regression coefficients for the experimental
and control townships.

The amount of change as reflected by the regression coeffictents
was believed te be accurate for all inputs and investments in the
experimental township. The amount of change occurring in gross income
with a one percent increase in the amount of land te the production
process is equivalent to .2897L0 which is the regression coefficient
for the land. Since all regression coefficients are less than one
decreasing returns to scale are being experienced for all inputs and
investments.

The usefulness of regression coefficients depends upon their

accuracy. The standard error of a regression coefficient determines

11
Trant, op. cit., p. 37.



the degree of accuracy and is dependent upon three main factors: size
of the sample, rangs in the observation of the independent variable,
and the intercorrelations between the independent variables for which
the regression coefficients are estimated. The influence of each eof
these facters upon the standard errer was discussed in Ghapter II on
page LS.

The multiple cerrelation coefficient or (R) was .91. Under con-
ditions of random sampling, with five independent variables and one
dependent variable, a multiple cerrelation coefficient this high would
be expected in one sample out of 20 if the true miltiple correlation
ceefficient were .80. Consequently, the degree of cerrelation is
significant.

The coefficient of determination (R®) of .8l indicated that 8
Percent of the variance in gross income (X;) is asseciated with
variations in the input and investment categeries. The remaining 16
Percent of the variation in Xl may be due to nonstudied variables.

The standard error of estimate (S) of the dependent variable
(gross income) was computed to be .08793L. The logarithm of gross
inceme at the gecmetric mean was 1.019703, the antileg of which is
#10,)6l. Under conditions of random sampling, given the weather and

PXrice conditions for 1953, 67 percent of the time the logarithms ef
Actual gross income would be expected to fall within the range of
L .019703 ¥ .08793L or, in natural mmbers, betwsen $8,5L6 and $12,813.
“*Ccording to these results, on the average, one farm out of three of
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the usual organizatien would be expected to have a gross income
greater than $12,813 or less than #3,5L6.
Estimated marginal value products. The marginal value product

estimgtes are shown in Table 3:

TABIE 3

USUAL ORGANTZATION AND ESTIMATED MARGINAL AND GROSS VALUR PRODUCTS,
THIRTY-THREE EXPERIMENTAL TOWNSHIP FARMS, 1953

Input Quantity (Log
Category of Imputs  Log X4 bits Xbi) WP
Land W,2,1  2,152576  .2897LO0  .623687 $21.33
Laber 18.h 1.263664 .160090 .202278  $91.24
FXpenses $3,271 3.514656  .28L4260 .9990%6 91
Livestock-ferage  $7,227 3.858956  .322018 1.2442653 47
Machinery $6,0¢3 3.783426 139422  ,527515 2l
Log constant (a) - eoe XX ohzhh9h
Log 4, (Gross Income) = Log a + (bi.Xj) = 4.019703

The marginal value products represent the net return to the last
unit of each input or investment category. For example the last acre
of land was earning $21.33, the last month of labor was earning $91.2L,
the last dellar of cash expenses was returning 91 cents while the
livegteck-ferage investment was earning a L7 percent return and the

machinery investment a 24 percent return.
The accuracy ef the regression coefficients and hence the marginal

Value products depends en their standard errors. s discussed
PXevieusly the intercerrelation between independent variables is an
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impertant facter in determining the size of the standard errers. The
simple cerrelations that existed between independent variables were

as follows:

r23 .61 r2l 57 r25 .62 r26 .60
r3l .29 r35 NIy r36 .32

rl5 61 rlé .70

r56 .72

Twe high correlations were observed between cash expenses and
machinery investment of .70 (rL6) and between livesteck-ferage invest-
ment and machinery investment ef .72 (r56). These correlations must
be taken inte censideratien when the margimal product estimates for
expenses, machinery and livesteck-forage are interpreted.

The significance of the marginal value product estimates is clesely
related te the significance of the regressien ceefficient estinates.
One method of determining the significance ef the regressien ceefficients
i3 te test them against zere as a mill hypothesis.!? This is the simple
studentls t test that is cemputed by dividing a regression coefficient
by its standard errer. The ceefficients b, (land), b, (cash expenses)
and by (1ivesteck-ferage investment) were significantly differemt from
zero at the five percent level, while b3 (1aber) was net significantly
different frem zere at the five percent level, and the standard errer
Of by (machinery investment) was larger than the regression ceefficient
Of machinery. The t values for land, expenses, and livestock-ferage

imvestment were larger than 1.96 and less than 2.56 which means that
im 95 out of 100 cases 1f functiens were fitted to different samples

————

12
“Assumes that the difference between the estimated ceefficient and

the actual ceefficient is mull or zere.
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from the same population the regression coefficients would be as large
or larger thun the estimated coefficients for this function.

a set of minirmum expected returms fer the input and investment
categories were used to test the actuul regressien ceefficients ef
the sample against the minimum regressien coefficients necessary to
give marginal productivities equal to the market price er marginal
Tacter cost of the reseurces. In ether werds, dees the marginal return
of $91.2); per month of labor differ significantly from $150, the market
wage rcd:.e]'3 (plus room and board) for labor in the dairy farming
section of eastern Michigan or do the $.91 returns differ significantly
from the $1.00 cost of cash expenses? As a test of these possibilities,
the regression coefficients of preduction necessary to give marginal
Products equal to the market cest of the resources were computed.

The following set of minimum expected returns were censidered to

be reasenuble minima te expect:

Labor $150.00 per mon%lh

Land $10.00 per acre

Cash expenses $1.00 per dellar expended
Livestock-forage investment LOZ of investment
Machinery investment 20% of investment

The regression coefficients or bi's of each input or investment
ar'e cempared with a "standard" bi capable of yielding a marginal

Value product equal te the marginal facter cost for each imput or
———

13
Karl Vary, "Wage Rates Reported by Farmers," Michigan Farm Ecenomics
Cooperative Extensien service, Michigan St;te ege, august, 1933.,

1),
Thid,
1s
Based on 5% interest rate with land valued at $200 per acre.
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invegtment. The "standard" bi is determined after selving the equa-
tien MVY - B%ESQ for the b: after the minimum marginal value product
has been detent:l.ned and substituted in the equatien. The estimated by
is subtracted frem the standard b, and the difference is divided by
the standard error of the bj. The results ef the test are shown in
Table L.

TABIE L

COMPARISON BETWEEN THE ESTIMATED REGRESSION COEFFICIENTS AND THE
REGRESSION COEFFICIENT REQUIRED TO YIEID THE MARKET FPRICE OF
RESOURCES F(R THIRTY-THREE EXPERIMENTAL TOWNSHIP FARMS, 1953

Irput Estimated b1 to yleld bi-bix {51 bi-bi

bi's  Mindmm Return 061
Land 289740 . +135798 .153942 ,126123 1.220570
Laber .160090 263761 103671 ,1187h6  .8730L8
Expenses .2814260 .312882 028622 .12298l;  .232729
13 vestock-ferage 322018 278172 03846 .128456  .341330
Machinery 139422 116081 .023341 .141520 .16L930

*
abselute value.

Only the land regressien ceefficient is significantly different
frem the "standard" bi required te equate marginal factor cest and
MATrginal value product ef land. Thus it appears that the farms are
Well ajjusted whem analyzed at their gesmetric means.

Comparison ef kxperimental Township Estimates with Wagley's
EStimates. Te most recent Cobb-bDouglas study of dairy farms in
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Michigan was cenducted by Wagley in 1952, He selected 33 dairy farms
in Ingham County (central Michigan, about 90 miles from the experimental
township) and derived the fellowing marginal value products: luand,
$16; laber, $30; expenses, 76 percent; livestock-forage, 6L percent;
and machinery, 19 percent. By cemparing the experimemtal township
returns with wagley's estimates it is seen that the retwrns are within
a close range of each other.

acceptance ef the Functien for the kxperimental Township. The
First functien for the experimental township was accepted as being an
accurate measure of the earning pewer of the inputs and investments
used on dairy farms in the experimental tewnship. The estimated re-

turns te the inmput categories have low standard errers and are within
a narrow range ef the minimm expected returns that are considered
necessary for the dairy area in which the experimental tewnship is

located.

Appraisal of the First Function for the Control Township

a tetal of 32 farms were used to fit the first functien fer the
Coentrol tewnship. The regressien ceefficients and asseciated standard

©XI'rors for the centrel tewnship were:

Land by, = -.089608 = 151361
Expenses b = ,.331266 * ,134847
Livestock-forage bg = .L39135 ¥ 12759
Machinery bg = .259361 - .1168L0

The ameunt of change fer the input and investment categories that
Wa&s reflected in the control township!s regression coefficients was
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believed te be accurate for all inputs except land and laber.
4 negative elasticity of -.089608 was obtained for land. This means

that increased quantities of land might pessibly decrease gross in-

come but it was not believed probable that it weuld do se. Tintner

"negative elasticities, within the
s."16

and Brownlee pointed ocut that:
range of inputs on most farms are meaningles
The simple correlations between the independent variables were

found te be:

r23 - 7L roly - .32 r25 - 52 r26 - .62
r3l - .29 r35 - UL r36 - L9

rl5s - .50 rl6 - .61

r56 - 051

Relatively high correlations between land and laber of .74 (r23),

land and machinery of .£2 (r26), and expenses.and machinery of .€1
(rk6é), were partly respensible for the high standard error and reduced
reliability of the regression coefficient for lund. Thus, with a
gliven amount of variance in the dependent variable that can be explained
in the "best least squares fit" by the independent variables, over-
estimation of one regression coefficient tends to necessitate some
underestimation of one or more of the other regression coefficients.l’
This could be interpreted to mean that some of the underestimatien in
lang coefficient might be due to an overestimation of either the labor,
O muchinery coefficients since beth of these had high intercorre-

1lations with the land input.

———
S

y Tintner and Brownlee, op. cit., p. 37.
7

TOOn, 22. _cgo, PPe. hz-lﬁo
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another factor responsible fer the large standard error of land
can be traced to the failure in the sampling procedure to select a
wide range of data from imperfectly adjusted farms. It was found
that a large percentage of the farms in the sample were well adjusted
competitive firms. For instance, a cluster of farms with 12 to 14 months
of labor and 130 to 150 tillable acres of land were discovered when
data for the 32 farms in the sample were plotted on a simple graph.
Therefore, the lack of range in the control data reduced the reli-
ability of the regression coefficients by causing high standard errors
for the coefficients.

Estimated Marginal Value rroducts. The marginal value products
computed for the first control township function are shown in Table 5.

TABIE 5

USUAL ORGANIZATION AND ESTIMATED MARGINAL AND GROSS VAIUE PRODUCTS
THIRTY-TWO CONTROL TOWNSHIP FARMS, 1953, FIRST FUNCTION

Input Quantity of (Log
Categery Inputs Iog X3 Dbits X;.b1) MP
Land 153.3 2,185565 -,089608 -.19584) $ -6.h6
Laber 17.2 1.234260 .23603L  .291327 $152.26
Expenses $3,L488 3.5L2559  .331296 1.173635 1.05
Livestock-forage $7,078 3.849925 439135 1.690636 .68
inery $6,148 3.78870L  .259361  .9826l2 L6
Log censtant (a) = coe coe .101568
Log x; (Gross Incame) = Log a + (bi.Y) = L.0L396k

——
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It is seen that the negative regression coefficient for land

creates a negative marginal value product for land. It is believed

that the returns to labor are partly reflecting the retwrns to land
and hence in reality the actual marginal value product of land is
positive while the return to labor is smaller than the estimated
$152.26.

The unexplained residuals in gross incame for each farm were cam-
puted in order to locate unusual discrepancies in data fram sample

farms or unusual circumstances in the method of grouping the input

categories and handling the data. This was done by substituting the

log of each input category for each farm into the logarithmic form of

the Cobb-Douglas function and solving for log L. The antilog of log

X, was then determined and subtracted fram the actual gross income

to determine the residual. Sizeable residual gross incomes of $3,698
and $6,517 were found on two farms while smaller residuals of $1,000
to $1,500 were discovered on several other farms. The two farms with
actual gross incomes of $3,698 and $6,517 less than their expected
Eross incames were re-interviewed during the fall of 1955. A gravel
beq cutting across these two farms was found to be the major factor
FeSponsible for their actual incames to be cansiderably lower than
their expected gross incomes. Hence, these two farms were an a dif-
ferent production function than the other 30 farms in the sample and

should be deleted for more accurate results.
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The ceefficient of determinatien for the control sample was cem-
puted te be .82 which muy be interpreted as meaning that 82 percent
of the variation in gress income (X;) was asseclated with variatiens
in the input and imvestment categories. The remaining 18 percemnt of
the variatien in X, may be due te nem-studied variables that were
agsumed to be randomly and nermally distributed. After cemparing the
residual gress imcemes en each farm with the data en the survey
schedule it was hypethesized that the wide variatioen in seil types en
two farms was mainly respensible fer the unexplained variance of 18
percent.

Rejection of the First Function for the Control Township. Since

the negative coefficient fer lund was thought te be biased downward
and the coefficient for labor was biased upward, due te a high inter-
correlation between land and labor, the regressien coefficients for
the first control function were considered unreliable, The first
function for the centrol township was rejected for the following
reasons: 1) negative marginal value product estimate fer land,
<) high Wr for laber, 3) large residuals of $3,698 and $6,517 on two
farms, and L) high degree of intercorrelation between several input

cate gories.
appraigsal of the second Function for the Contrel Township

44 new function was fitted for the control township after deleting
WO fayms that were located on a different soil type than the remaining
SSMP} @ fams. The "usual® organization of the thirty farms used to



81

fit the secend contrel township functien as cempared te the organi-

zation in the experimental tewnship and te the organization of the
farms used to fit the first control tewnship functien is shown in

Table 6.
TABIE 6

COMPARISON OF THE GECGMETRIC MEAN AVERAGES OF INPUT CATEG(RIES F(R
THE FIRST AND SECOND CONTROL TOWNSHIP FUNCTIONS WITH THE

EXPERIMENTAL TOWNSHIP FUNCTION, 1953

Control Towmship Control Township Experimental
First Functien Secend Function Township
30 Farms 33 Farms

Input
Categeries 32 Farms
Land 153.3 149.8 12,1
Laber 17.2 16.8 18.4
Cash expenses $3,L488 $3,425 $3,271
Livestock-forage $7,078 $6,913 87,227
Machinery $6,148 $6,0L9 $6,073

By examining Table 6 it is seen that the "usual" organization of

all input and investment categeries fer the second contrel functien

is smaller than the "usual" organization of the first cemtrel function

Sample. This occurred because the two farms that were deleted for
the gecond function had a larger amount of inputs and investments than

**usual" organization for the sample farms in the first functien.

the
The combinatien of reseurces in the control tewnsnip for the

Secend function yielded a gross income of $11,148 which was $33 higher
than tht of $11,065 for the first function. Gross income ranged

frem a nigh of $21,818 to a low of 3,583,
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The ceefficients and associated standard errors that were ebtained

by fitting a Cobb-bDouglas functioen te thirty farms were found to be:

bp = -.015852 ¥ 110472

Land
.255119 ¥ ,098623

Labeor by = :
Expenses b = .3863h2 * o75k20
Iivesteck-Lorage bg = . 507209 X 091942
Machinery bg = .226173 * ,08L955

The censtant (leg a) was computed and feund te be -.228078. In

natural mmmbers the fitted regresgssien equatien was:

-.228078 -.0L5852 o2 Sllv 356342 5072 ‘ .2261
. -e220078 y .0MSBS2 y 2SS9y 3632 g 507205 226173

P
The mltiple correlation ceefficient (R) was .96.
tions of random sampling, with five independent variables and one

X
Under cendi-

dependent variable, a rmultiple correlation ceefficient this high would
be expected in one sample out of 20 on the average if the true miltiple
correlation coefficient were .89. Consequently, the degree of cerre-

latien is significant. Since extreme values were included in the

Sample, the value of the multiple cerrelatien ceefficient should be
expected to be higher than thut existing in the universe, theugh not
higher than fer a similarly drawn sample for the same nniverse.lB
The coefficient ef determinatien (RZ) of .91 indicates that 91
Pexrcent of the variance in gress inceme (X1) is asseciated with vari-
*tlens in the input and investment categeries. The remaining nine
Pexrcemt of the variatien in X may be due te nonstudied variables.

™e wunexplained variance of 18 percent in the first centrel function

1
BEzelc:l.e]_, op. cit., p. 320.
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was reduced te nine percent in the second function after deleting two
farmg that were on different seil types.

The standard error of estimate (5) of the dependent variable
(gress income) was computed te be .059706. The logarithm of gross
income at the geemetric mean was L.0L7192, the antilog ef which is
$11,148. Under conditions of random sampling, given the weather and
price conditions fer the year in which the sample was taken, 67 percent
of the time, the logarithms of actuul gress inceme would be expected
te fall within the range of L.0L7192 I 059706 or, in natural mmbers
between $9,716 and $12,790. saccerding to these results, en the average,
one farm eut of three of the usual organization would be expected to
have a gross incame greater than 12,790 or less than $9,716.

Estimated Marginal Value Products. The marginal value products
were computed for the "usual" organizatien of the 30 farms in the
Secend centrol functien. The marginal value estimates are shewn in

Table 7.
By examining the MVr!s it is seen that land still has a negative
Mmarginal value preduct while the marginal value preducts for laber,
©XpPenses and livesteckeforage investment increased, and the marginal

Value product for machinery decreased.
The simple cerrelations that existed between independent variables

Were:

r23 .72 r2l .30 r25 .50 r26 .61
r3l .27 r35 .12 r36 .L8

rh5 L7 rh6 .60

r56 L9
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TABIE 7

USUAL ORGANIZATION AND ESTIMATED MARGINAL AND GROSS VAIUE PRADUCTS
THIRTY CONTROL TOWNSHIP FARMS, 1953, SECOND FUNCTION

Input Quantity leg
Categery of Inputs Log Xy bits Xj.b1) MVP

Land 9.8 2.175579 -.0L45852 -.099755 $§ -3.L1
Laber 16,8 1.225464 .255119 .312633 $169.11
Expense $3,k25  3.534666 .3563h2 1.259550 1.16
Livesteck-ferage $6,913  3.83967h .507209 1.9L47529 .82
Machinery $6,049 3.78167h .226173 .855313 A2
Log censtant (a) = cee cee -.228078

Log X; (Gress Income) = Log a - (bi.Xj) = L.OLT7192

» small reduction in the correlatiens for each input category
was noted fer the second centrol tewnship function as compared to the
first contrel tewnship function. Three of the ten cerrelations listed
above drepped .03, while six drepped .02 and one dropped .0l after
fitting the secend function. Since the size of the sample for the
secend function was 30 as cempared te 32 fer the first functien, it
is seen that enly a small reduction in each of the simple cerrelations
occurred after fitting the secend function. Three high cerrelations
still exist after fitting the second functien. These are: land and
labor, r23 of .72 as cempared to .74 in the first functien; land and
machinery, r26 of .61 as compared te .62 in the first functien and
expenses and machinery rli6 of .60 as cempared teo .61 in the first
functien.
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Comparison of the Two Functions fer the Control Township. The

purpeses of fitting the secend functien to the centrel teownship were
to attempt to: reduce the intercorrelation between independent in-
puts, secure a more accurate estimate for the land input, reduce the
standard error of the bi's, and obtain more accurate marginal value
preduct estimates fer all input and investment categories. The effect
of fitting the second functiem te the control township is shewn in
Table 8.

By examining Table 8 it is seen that all standard errors ef the
regression coefficients were reduced after fitting the second function;
the marginal value preduct estimates were increased for all inmputs
except machinery; and the regressien ceefficients were increased for
all inputs except machinery.

Rejection of the Second Function for the Contreol Township. After

examining the results of the secend function, the livestock-forage
investment was questioned as it yielded an 82 percent return cempared
te a 68 percent return in the first centrol tewnship function and a
L7 Percent returm in the experimental township. Since the level of
millc production in the contrel and experimental tewnships and the value
©f dairy cows in the twe areas was assumed te be about the same, the
COW values for each farm in the centrol township were plotted against
the Pounds ef milk preduced per cew on these farms. The same preocedure
WRS  followed in the experimental township, and it was discevered that
the dairy herds in the centrel tewnship were undervalued compared to

the herds in the experimental township. The average pounds of milk
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produced per cow on the 30 contrel township farms was approximately
9,000 peunds cempared te 8,300 pounds en tae experimemtal township
farms. The average livesteck investment was $5,822 fer 20 cows and
other breeding livesteck in the centrel tewnship cempared te an
average livesteck investment ef $7,067 fer 21 cews and other breeding
livesteck in the experimental tewnship. After analyzing the livesteck
investments in the twe tewnships it was discevered that the experi-
mental tewnship survey team of three interviewers valued cews abeut
$50 higher for all preductien levels thun the ether survey team of
three interviewers did in the centrel townshir. Hence, the livesteck
investment of $5,822 in the centrel tewnship cempared te a 37,067
irwestment in the experimental tewnship was due te undervaluing the
ceontrel tewnship herds.

uUn the basis ef the undervalued livesteck-ferage investment in
the centrel tewnship the secend functien fer the contrel tewnship was

re Jected.

Fitting the Third Functien to the Contrel Tewnship

The livestock investment on 26 farms in the control township was
“dJjusted upwards by checking each schedule and placing a value on the
dad ¥y herd corresponding to-the value of the cows with the gsame milk
Proctuction in the experimental township. The geametric mean value of
the Yivestock-forage investment increased from $6,913 to $7,6Ll or
%132 after revaluing the herds on 26 farms in the control township.

‘ne  other minor discrepancy in the forage investment was noted in the
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control township. It was discovered that on eight control township
farms alfalfa-brome flelds plowed down in June were counted as part

of the forage investment rather than as a cash expense. The forage
investment on these farms was adjusted for this factor and hence the
forage investment for the third function decreased while cash expenses
increased. The cash expense category increased from $3,425 to $3,538
or $113 after the changes were made in the forage and cash expenses
for the eight farms in the control township.

The third function was fitted to the same 30 farms as the second
function. Changes in the livestock-forage investment and cash expense
werxre made so that the geometric mean average of the livestock-forage
irrwestment increased from $6,913 in the second function to $7,6Ll in
the third function and cash expenses increased from $3,L25 to $3,533.

Appraisal and ncceptance of the Third Function for the Control

Township. The results of fitting the third function to the control
township data are presented in Table 9.
The constant (log a) was -.151503. In natural numbers the fitted

r egfession equation was:

X; = -.151903 . xz-.ozgzéo 13°186%nxh'3h8§5815'5 g 6?"616'166067

This cambination of inputs and investments was expected to pro-
dce a gross imcome of $11,118.,

The mll hypothesis was used to test the probability that the
TegX e msion coefficients obtained from a different sample of the same
POP ] wtion would be as large or larger than the estimated regression

COCL ¥ cients., The regression coefficients, b) (for expenses) and by
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TABIE 9

THE GEOMETRIC MEAN ORGANIZATION, REGRESSION COEFFICIENTS, STANDARD
ERRORS AND MARGINAL VALUE PRODUCTS FOR THIRTY CONTROL TOWNSHIP
FARMS, 1953, THIRD FUNCTION

———— —
= S ———

Standard Errors

Regression of Regression
Input Category Mean Coefficients Coefficients MVP
Land 149.8 -.025360 .106929 $ -1.89
Labor 16.8 .186111 096060 $123.L2
Expenses $3,538 .3.8558 072420 1.10
Livestock-forage $7,6LL .5565L6 09118 81
Machinery $6,0L9 166067 .082293 31

(for livestock-forage investment), were significantly different from
zero at the one percent level of significance; b; (for labor) and bg
(For machinery investment) were significantly different at the five
Pexrcent level and the standard error of b, (for land) was larger than b,.

The estimated bi's are compared with the bi's capable of yield-
ing a marginal value product equal to the marginal factor cost in
Table 10.

It appears from this test that when the regression coefficients
&r® compared at their geametric means only the land and livestock-
fora ge are significantly different from the "standard® bi required
to equal marginal factor cost and marginal value product.

The mltiple correlation coefficient or (R) was .96. The co-
*ffX ctent of determination or (R%) was .92 compared to .91 in the
SeCOXal function. This means that 92 percent of the gross income can
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TABIE 10

COMPARISON BETWEEN THE ESTIMATED REGRESSION COEFFICIENTS AND THE
REGRESSION COERFFICIENTS REQUIRED TO YIEID THE MARKET FRICE OF
RESOURCES FCR THIRTY CONTROL TOWNSHIP FARMS, 1953,

THIRD FUNCTION
Bstimated bl to Yield
Input bi's  Minimm bi-bix (b1 bi-bi _
Return
Land -.025360 134373 159733 ,106929 1.493823
Labor .186111 .2260L9 .039938 .09606L  .324700
Expenses .348558  .317366 .031192 .072420  .L430709
Machinery 166067 109139 .056928 .082293  .691772

*
absolute value

be explained by the five inputs and investments (12-16). The standard
exrTor of estimate (5) was .031912, This means that 67 percent of the
time the actual gross income for the farms under study would fall
¥1thin the range of 4.0L7192 < .031912 or, in natural mmbers, between
$10,359 and $11,997.
The comparison of the statistical tests for the three functions
fitted to the comtrol township are shown in Table 11,
By examining Table 11 it is observed that the following changes
VeX*e recorded after fitting the third function to the comtrol township:
the muitiple correlation coefficient increased from .91 to .96; the
C0®Fficient of determination increased from .82 to .92 which means
that 92 percent of the variation in gross income is explained by the



91

TABIE 11

COMPARISON OF NUMBER OF FARMS, GROSS INCOME, MULT CORREIATION
COEFFICIENT (R), COEFFICIENT OF DETERMINATION (R<), STANDARD
ERR(R OF ESTIMATE (S) AND THE SUM OF REGRESSION
COEFFICIENTS FOR THREE FUNCTIONS F(R 32 AND 30
FARMS IN THE CONTROL TOWNSHIP, 1953

Control Townshi
Item Tunction T Function H"‘?“mtion“ﬁr
32 Farms 30 Farms 30 Farms

Number of farms 32 30 30
Gross income (X;) $11,065 $11,148 $11,118
(R) 91 96 .96
R? .82 .51 .92
5 .08 .06 .03
Sum of regression coefficients 1.28 1.30 1.23

input categories, as campared to 82 percent in the first function and
the standard error of estimate of gross income was reduced.
The intercorrelations between input categories were as follows:
r23 - .72 r2y - 24 r25 - .61 r26 - .61
r3l - .23 r35 - .55 r36 - .L8
rl5 - .50 rlb - .56
r56 - .62
The only sizeable change in the intercorrelations after fitting the
Wixrq function was between livestock-forage investment and machinery’
56 of .62 compared to .49 in the second function. after plotting
the 3 fvestock investment on each of the 30 farms against the machinery
ive stment and likewise the forage investment against the machinery

Ives srtment 1t was discovered that forage investment was highly
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correlated with the machinery investment. The same machinery in-

vestment hud a marginal value product of .L2 in the second function

compared to .31 in the third function. It appears that the return

for livestock-forage investment was overestimated while the machinery

investment was underestimated. nfter the livestock-forage investment

was increased $731 in the third function, the marginal value product

dropped only one percent or from .82 to .81. In view of this small

reduction of one percent it is believed that the higher correlation
of .62 for livestock-forage investment with the machinery investment
is responsible for the sharp reduction in the marginal value product
of machinery while only a slight decline occurred in the livestock-

forage investment.
In spite of several limitations caused by high intercorrelation

between land and labor and livestock-forage investment and machinery
irrvestment the third function was accepted as a good measurement of
econamic efficiency in the control township for the benchmark year of
1953 for the following reasons: 1, a further reduction in the size

of the sample for fitting another function would only tend to increase
the standard errors of the bi's as the smaller the sample size, the
larger the standard errors 3 2) no accurate schedules were available
foxr> sybstitution or for increasing the size of the sample for another
fi 3 3, five farm account records for the control township for 1953
VeI"® an.lyzed and found umsuable because of accounting difficulties
ad  J ack of sufficient data for all input categories, and L) no sizable
redlaction in any of the simple intercorrelations was experienced after
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fitting the third function and further "fits" were not believed to
cause any great reduction.

Reorganization of the Experimental and Control
Township Farms

The purpose of this section is to suggest reorganization patterns

for the two townships on the basis of their estimated regression co-

efficients, statistical tests, and judgment. The purpose of reorgan-

izing farms is to achieve a more efficient production pattern for

profit maximization or nonmonetary reasons such as insurance, and
flexibility that may enter the decision making process. For this
section the profit maximizing goal of farm families is taken to be of
primary importance. Expanding the use of assets until a more efficient
level of operation is reached offers an averue of profit maximization.
There are many limiting obstacles that slow down or prevent farm firms
from muking reorganization plans for achieving greater efficiency.
>ome of these are institutional factors such as capital rationing,
acreage controls, lack of available inputs (such as no land for sale
Within ten or fifteen miles from the farm site), and personal factors

(suach as old age and religious beliefs). These factors will not be

Considered in this section. The recommendations for the experimental

anA  control township will be brief and based only on the general
SPPXouches that may apply to the mean average of thefarms but not

SPecifically to any one farm in the sample.
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Experimental Township

The 32 farms provided the following marginal value estimates:
land, $21 per acre; labor, $91 per month; expenses, 91 cents; liv-
stock-forage, L7 percent; and machinery, 24 percent. On the basis of
these estimates the following adjustments should be made: expand
land and livestock-forage production for their return exceeds their
marginal factor costs; reduce labor and cash expenses for their return
is less than their marginal factor cost; and use the present amount of
machinery. On the basis of the statistical tests and judgment these
recamendations seem to be in line. The proposed expansion of land
in this experimental township has been verified by a recent survey
in early 1956. In this survey 28 experimental township farmers in-
creased their tillable acres of land to 177 as campared with 151 in the
benchmark study. This indicates a 15 percent expansion in tillable
acres of land in two years.

On the basis of the marginal value product estimates the expected
gross incame for each farm in the sample can be camputed. This in-
volves taking the actual quantities of imputs and investments used
and the regression coefficients in order to derive the estimated gross
inc ome. For example, the first farm surveyed in the experimental
towniship had an actual gross incame of $6,820 campared to an estimated
gro=ms income of $7,082. Hence the estimated regression coefficients
for this study could be used to estimate the gross incame for each fam
and the individual farm operator could compare his actual gross incame
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with his expected gross income. Une of the limitations of this type
of analysis from the standpoint of the individual farmer is that he
can use the data only insofar as he approximates the average farmer.
The marginal value products are calculated at the geametric mean
therefore the individual farmer canmnot rely on his production function
being exactly the same as the average of the farms surveyed. In
addition Cobb-vouglas results do not provide farmers with information
as to the item of machinery or the age of breeding livestock to
purchase, or what expense items to change if these categories should
be contracted or expanded., It also does not indicate whether the
forage investment should be expanded to include more alfalfa-brome or
clover hay. This forces the extension agent or researcher using the
results of these studies to bring other types of analysis such as
budgeting or linear programming into play so that the alternative costs
and returns from expanding individual items can be computed before

successful reorganization plans can be adopted.
Control Township

The 30 farms in the control township sample provided the following
max*ginal value product estimates: land, $1.89 per acre; laber,
%123 per month; expenses, $1.10 return on the dollar; livestock-
foxr~age, 81 percent; and machinery, 31 percent return for 1953.
Cn the basis of these estimates the following adjustments will lead
to more efficient productim: expand expenses, livestock-forage,

and Machinery, for their return exceeds the marginal factor cost;
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reduce land and labor, for their return is less than the marginal
factor costs of using these items. un the basis of the returns,
statistical tests, and judgment, it appears that the recommendations
should be altered so that land is expanded rather than contracted.
This recommendation is based on the high correlation between land and
labor and the sum of the regression coefficients being greater than
but not significantly greater than one. This indicates that the
returns to land are undervalued while labor is overvalued. In reality
it appears that land and labor should be appraised together, as

their high correlation has considerable influence on the estimated
negative returns to land. The recommendation for expanding livestock-
forage investment will perhaps require additional land to increase
the forage investment. It is possible that the quality of the present
forage stands could be increased without purchasing any more land,
but a sizeable forage expansion would require additional land to be

purchased.



CHAPTER IV

STATISTICAL RESULTS AND SUGGESTED STATISTICAL TESTS TO USE IN
EVAIUATING THE CHANGES IN ECONCMIC EFFICIENCY AT THE
COMPLETION OF THE EXPERIMENT

In order to determine what chunges take place during an experiment,
it is necessary to establish a benchmark or starting point. The purpose
of the first part of this chapter is to establish a benchmark level
of efficiency for the experimental and control township for 1953 on
the basis of the Cobb-Douglas results. If the townships were closely
matched there should be little difference in the earming power of the
inputs and investment for the benchmark year of 1953. Thus the 1958
estimates in the experimental and control townships can be compared
to the 1958 common bemchmark level of efficiency. If the Cobb-Douglas
functions indicate that differeat benchmark levels of efficiency
existed in the two townships then the terminal estimates for each
township are compared to their benchmark levels. Therefore, if ome
experimental and its matching control towmship have the same or dif-
fer~ent level of benchmark efficiency, it is possible to compute the
chamge in efficiency resulting from the five year experiment.

Int tation of Cobb-Dou Results
In the Two ToE%s

The geometric mean organization and margimal value products of

the &Wccepted experimental and control township functions are compared

in Tabie 12.

97
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TABLE 12

COMPARISON OF QUANTITY OF INPUTS AND MARGINAL VALUE PRODUCTS IN THE
EXPERIMENTAL AND CONTROL TOWNSHIPS, 1953

——
————-

Quantity of ts Mar Value Product
Imput Category menm CI%NI tal

X, Land 12,1 149.8 $21.33 $-1.89
X3 Labor 18.L 16.8 $91.2, $123.42
X) Cash expemses $3,271.  $3,538. 91 1.10
X Livestock-forage $7,227. $7,6lh. A7 81
X, Machinery $6,073 $6,0L9. 2l 31

Comparisoa of Margimal Value rroducts

Land. The marginal value product of $21 for land im the experi-
mental towmship appears to be in line with the expectations for the
area. with land valued at $200 per acre im the area it should return
at least $10 per acre if a five perceat capitalization value is used
as recam;ended by farm management extemsion specialists. Since land
has a high imtercorrelation (.61) with the labor imput, it is possidle
that the actual return for the last acre of land is slightly less than
the $21 per acre while the labor Wr is slightly higher than the
est E mated $91.

The MVr for land in the control towmship function was a negative
$1.89 per acre. A somewhat low or megative returm to the last acre
of Lang might be expected if the land were in a raw and unproductive
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state, and further, if only a small amount of resources (livestock-
forage) were combined with land. However, since a $7,6LL livestock-
forage investment was combined with the lund imput, it was concluded
that land should earn from $5 to $10 per acre if the five percent
capitalization rate is used on the $200 per acre market value of land.
It was hypothesized that in reality, land was earning more at the
margin than the reported negative $1.89 per acre.

It appears that the experimental township is muking more efficient
use of the lund than the control township. However, due to high
correlutions with land and labor in the control township it appears
that land is underestimated and that actuully there is little difference
in the level of lund efficiemcy in the two townships.

Labor. The MVP of labor for the experimental township was $91.
The high intercorrelation betwsen land and labor may be partly
responsible for a lower MVP for labor., On some farms it is believed
that the momths of labor used per farm during the year were over-
estimated thus cansing the MVP to be slightly lower than it is in
reality. un many farms an accurate record of the family labor was not
kept and in some cases 12 months of labor were reported by the operators
even though they were not fully productive during the winter months.

The MVP of labor of $123 for the control township is believed to
be slightly overestimated since the high intercorrelation bejbyegn
land and labor causes the labor imput to partly acoount for some of

\.
~
~

the returas for land.

~
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The MVP results imdicate that the control township has slightly
greater labor efficiency than the experimental township. However,
due to high correlations between lund and labor in the control
township, it appears that there is little difference in the level of
labor efficiency in the two townships.

Cash expenses. The MVr of cash expenses for the experimental

towmship was 91 cemts on the dollar or slightly below the minimum
expected dollar for dollar return. Since cash expenses such as ferti-
lizer, gas and oil, and feed, are expected to return at least one
dollar for every dollar expended during the year it is believed that
cash expenses were being quite efficiently utilized om the experimental
towmship farms.

The MVP of cash expemses for the control towmship of $1.10 for
each doliar expended durimng the year reveals a high rate of returm on
this inpmt.

The returns indicate that there is little difference in the level
of efficiemcy for cash expenses im the two townships.

Livestock-forage imvestmemt. The MVP for livestock-forage in-

vestment of L7 percemt for the experimeatal township farms reveals
that this category is beimg used efficiemtly, as it approaches the
marginal factor cost of LO percent. The returns for the experimeatal
township appear to be high on the surface to many extemsion agents
and farmers, but after careful examination of the forage and livestock
investments it is seem that a 40 percent return is necessary to cover
depreciation, maintenance, and risk of the investment. Dairy cows
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have an average productive lifetime of four ysars. Since the average
cow is im its second year of production, it has two productive years
remaining. This requires a 50 percent return on the livestock inmvest-
ment, but the salvage value of the cows will return a small sum
thereby reducing the minimum required return from 50 to approximately
LO percemt. The forage investment also requires a LO percent return
for the average alfalfa-brome stand is in good condition for only

two to three years. Therefore, the forage imvestment must return
enough money to pay for the cost of establishing new stands and to be
able to absordb losses of new seedings or drought. The livestock-forage
investment of $7,227 is highly productive on the experimental tosmship
farms and should be expanded for the marginal value product exceeds
the marginal factor oost.

The MVP for the livestock-forage investment in the control town-
ship farms returned 81 percent which indicates that the investment
was highly productive during the year. Since the investment had a
high intercorrelation with machinery it may be overestimating the
return to tbe livestock-forage investment and underestimating the re-
turn for machinery. It appears profitable for the control township
farmers to expand their livestock-forage investment.

It appears that the experimental township had a more efficient
livestock-forage program than the control townships for its L7 per-
cant return is close to equating the marginal factor cost of LO
percent. However, due to high correlations between land, machinery,
and livestock-forage, it appears that the return for livestock-forage
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is overestimated in the control township and that in reality the actual
return is less than the estimated 81 percent.

Machinery investment. The MVP for machinery investment on the
experimental farms was 2 percent. The minimm expected retwrns for
nachinery are about 20 percent as they must be large enough to cover
repairs, depreciation, and maintenance.

The machinery investment of $6,059 for the control township area
earned 31 percent on the investment during the year. The machinery
investment had a high correlation with land and livestock-forage
thereby causing biases to enter into the estimates, hence, making it
difficult to predict the actual retwrn to the machinery investment.

It appears that there is little difference in the level of
efficiency for the machinery investment in the two townships. The
experimental township return of 2); percent compared to a 31 percent
control township return indicates that they are both close to equating
their machinery investment MVP with the marginal factor cost of 20
percent.

Labor, land, and livestock-forage input. The high intercorre-
lations between luand and labor, between machinery investment and
livestock-forage investment caused considerable bias to exist in the

returns to the control township. As it was pointed out in Chapter II,
high intercorrelation between input categories can cause umreliable
marginal value product estimates by overestimating one input while
underestimating another input. It was believed that livestock-forage
was overestimated while land was underestimated in the control township.
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since additional observations were not available for the control town-
ship to increase the n and thereby reduce biases between lund, labor,
and livestock-forage, the three inputs were combined into one imput.
The combined marginal value product of one month of labor plus the
mean proportion of land and livestock-forage investment will make it
possible to compare the combined earning power of the three inputs

in the control township with the same combination of inputs in the
experimental towmship. The process of combining inputs is called
taking a "partial total® derivative of gross income with respect to
the combined irputs.l The term derivative is used to express alge-
braically the relationship between ocutput or Y and an input X.
Consider the total derivative of dY . The equation shows how the out-
put Y changes when the inmput X, chaxzuges, the other imputs varying in
some degree. The algebraic expression for the partial derivative is

Or

fréiasmallchangeinxiaathat change goes to zero, all other inputs

. 4 partial derivative measures the small change in Y resulting

held constant. The following example illustrates how to take a
“partial total" derivative. Suppose that the inputs Xy and xj are so
highly correlated that (b1 and 0B] reduce significantly the value of
bi and bj and that the (b1 and (BT cannot be reduced. The "partial
total® derivative equation is as follows:

9 Y . MY ay [ by axy
DX 9%y g Ay X3 dXy

1
Johnson, "The Cobb-Douglas Production Function with special Reference
to Fitting Value rroductivity Functions,* op. cit., p. 20.
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Since a partial derivative assumes that the remaining inputs other
than the ones studied are constant, these assumptions also hold true
in this case: 1) that the Xx's which are not X; and Ij are constant,
and 2) that xj varies with X; in the proportions in which they are
observed to vary among the farms sampled. The resulting MVP is one
of a MVP of a unit of xi plus that amount of Xj observed to be used
with a unit of X,.

In order to apply this equation to the control township function,
it is first necessary to state the inputs that will be combined. The
"purtial total" equation will be used in the control and experimental
tovmships to combine labor, land, and livestock-forage into a new
input. The resulting combined marginal value products for the two
townships will be compared to see if there is any difference in the

2

combined earning power of these inputs in the two townships. The

" means and MVP's of the inputs appear in Table 13.

TABIZ 13

COMPARISON OF GECMETRIC MEANS AND MARGINAL VALUE PRODUCTS FOR LAND,
IABOR, AND LIVESTOCK-FORAGE IN THE RXPERIMENTAL
AND CONTROL TOWNSHIPS, 1953

—
—

Geametric Mean Mar Value Product
__ Input Category Control Experimental 1_Experimental
Land X, 119.8 12.1 $-1.89 $21.33
Labor X3 16.81 18.35 $123.L42 $91.2}
Livestock-forage Xy §7,6Lh.  $7,227. .81 M7

[e—

2If these tluc ipputs were used to refit a new function it is prob-
able that the resulting combined MVP of the three inputs would not
be the same as the value derived by taking a "partial total" derivative.
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Substituting the geometric mean values of X3, X3, and XS plus
the MVrts of X5, X3, and 15 in the control towmship equation gives
the MVP of labor plus land and livestock-forage as follows:

dy ,dg dg X dp , X differentialX; , X d
a3 dXp dXg Xp dX3 X3 differemtial X3 X5 dXj

WP I,LX, = $-1.89 %+ §123.12 [1] — E:IZ%%
= $1.89 x $8.91 + $§123.h2 + .81 x §45h.72
= $-16.83 + $123.02 + $368.32

WP XX Xe = $470h.91

‘Ihe)NPI:,XQIS represents the earning power of a month of labor
plus the earning power of land and livestock forage investment combined
in geometric mean proportions for the control township.

Substituting the experimental township values into the equation
gives the following results:

dxl+§l+dX1.xl az .,.E;differentmx ‘,-xlﬁ
dX; @ ds T &3 X dif 'fere"—rrtiTxg I, &

- $21.33 [%%%] + 912 [1] b [%]

- $21,33 x $7.7% + $§91.24 + L7 x $393.84
= $165.09 + $91.2) + $185.10

MVP X3XoXg = $UL1.L3
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The combined earning power of labor, land, and livestock-forage
of $47k.91 in the control township compared to $441.L3 in the experi-
nmental tosmship indicates that the two townships have almost identical
earning powers for these inputs. This comparison and the individual
marginal value product comparisons previously made in this section
indicates that when the two townships marginal value products are
compared on the basis of judgment and three inputs with high corre-
lations are combined into one input there is little difference in the
level of econamic efficiency in the two towmships for the benchmark
year of 1953.

Statistical Tests Used to Compare rroduction Functions and

Regression Coefficients for the Experimental
and Control Townships

The purpose of this section is to present the results of various
statistical tests that were used to determine whether the experimental
township had the same or a different level of econamic efficiency than
the comtrol township function for the benchmark year of 1953.

Comparison of the slopes of the production function. As it was
previously discussed in Chapter II, the sum of the regression co-

efficients in Cobb-vouglas analysis indicates whether increasing,
constant, or decreasing returns to sale exist depending upon whether
the f’bi'a is greater than, equal to, or less than one. In order to
determine whether theé bi's are greater (smaller) than one, a test

is required that will determine whether the sum of the regression
coefficients in a particular ssmple is significantly different from one.
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Ulkin of Michigan state University, developed a test using the F-
statistics which permits statistical testing of the sum of the re-
gression coefficlients against any constant 0.3 This test as well as
the computations adapted to the Doolittle method are presented in
Appendix B.

The test has been carried out for both the experimental township
and control township functions, the sum of the regression coefficients
being tested against cne. For the experimental and control township
functions the = bi was not significantly different from one. Thus,
it is concluded that constant returns to scale prevail for the experi-
mental and control township functions for the benchmark year of 1953.

In order to determine if the sum of the regression coefficients
for the experimental township function was significantly different
from the comtrol township function the Sbi of the experimental town-
ship (1.195529) was tested against the S bi of the control township
(1.231925) function. The results of the test revealed that the slope
of the two functions was not significantly different from each other
for the benchmark year.

Comparison of the individual regression coefficients. Confidence

limits cammot be attached to marginal value product estimates becamse
of the lack of a measures of the variation of the expected gross
income in the MVP equation MVP X, -P}x.i.?..g.).. Therefore, if each

3Ingram Olkin, "“Unpublished report about a problem in testing sums
of regression coefficients of linear mmltiple regression lines
against a constant." This report has been made by the statistical
group of the Mathematics Department to Professor Glemn L. Johnson,
Department of Agricultural Economics, Michigan State University.
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individual regression coefficient for the experimental township were
compared with the corresponding regression coefficient for the con-
trol township, it can be determined if the regression coefficient for
the township is the same or significantly different from the re-
gression coefficient for the experimental township. Hannan at
Michigan State University, suggested a t test for this compa.rison.h
The test as well as the mechanics for carrying it out are presented
in Table 1.

The test has been carried out for each of the five regression
coefficients by - bg. Wwhen the individual regression coefficients
were compared with the t( oc) level = 2.00 none of them, as shown
in Table 1 were found to be significantly different from each other.
Thus, it can be concluded that for the benchmark year of 1953 the
individual estimated regression coefficients in the experimental
township were not significantly different from the estimated regression
coefficients in the control township function.

Comparison of the aggregate regression coefficients for the

experimental and control township functions. The purpose of this

section is to determine if the totality of the regression coefficients
for the experimental township function were significantly different
from the control township function for the benchmark year of 1953.

The procedure followed was to estimate the expected gross income

for each farm in the experimental and control townships by using

their respective sets of regression coefficients and the quantities

"sntemerrt by James F. Harman,Assistant Professor of Statistics,
Michigan State University, personal interview.
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of inputs actually employed on each surveyed farm for 1953, For
example the expected gross income for farm rmumber one in the experi-
mental township is shown in Table 15.

TABIE 15

ESTIMATED CROSS INCOME FOR A FARM IN THE
EXPERIMENTAL TOWNSHIP, 1953

Regression Co-
Input Category amount Logarithm of Regression efficient x
Used amount Used Coefficient Logarithm of

amount Used

Land 117 2.06819 28974 59923
Labor 10 1.00000 16009 16009
Expenses $2,547 3.L0603 .28426 .96819
Livestock-forage $5,102 3.70774 32202 1.21639
Machinery $L,132 3.61616 .13942 5016
Constant (a) Li2Lli9

Total 3.85015

Gross Income $7,082

The antilog of 3.85015 is $7,082, the estimated gross income for
the farm as campared to the actual gross income of $6,820 reported on
the survey schedule. The next step is to determine the expected
gross income for this farm by using the control township regression
coefficients and the actual quantities of inputs used on the farm.
The expected gross income thus computed is $6,812, The difference
between the two expected gross incomes is taken and the procedure is



repeated for each farm in the experimental tosmship. The expected
groass incomes are campared for each farm in the control township.
The experimental township bi's are substituted into the estimating
equation for each control township farm and the gross incame for each
farm is estimated. The means of the gross income are campared to
determine if there is any difference in the estimated gross income
for the experimental and control townships when their regression co-
efficients are substituted. The basic principle of this method is
to see if the estimated gross income for the experimental township
is as accurate by using the control township bi's as it would be by
using the experimental township bit's.

The mean gross incame of the experimental towmship was §11,495
campared to a mean gross income of $11,885 when the control bi's were
used to estimate the gross income. The mean difference in the two
expected gross incomes was $390. The equation used to test the two

means is

5

t =X n!n—l}

5 X
This test and the computations for the two townships are ocutlined in
appendix C, The t values of the two means for the experimental town-
ship is .1198 campared to t(.95) = 1.9976, so it is concluded that
there is no significant difference in the regression coefficients for
estimating the gross incame in the experimental township.

5
Gearge W. snedecor, Statistical Methods, (Ames, Iowa: The Iowa

State College Press, 1950), p. 77.
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The same procedure was followed for the control towmship with
the control township bi's yielding an estimated mean gross income of
$11,66} compared to the experimental township bits yielding a mean
gross incame of $11,676 for the control township or a difference of
only §11. The t value of the two mean gross incomes for the control
township was .003629 campared to t = (.95) = 2,0016. Therefore, it
is concluded that there is no significant difference in the experi-
mental or control towhship regression coefficients for estimating the
gross income in the control township. On the basis of this test, it
is concluded that for the bench mark year of 1953, the regression
coefficients derived fram the sample of 30 control township farms
vwere not significantly different from the regression coefficients
derived from the sample of 33 farms in the experimental township.

Comparison of the combined input earning power for the two
townships. It was pointed out in the first section of this chspter

thuat same of the individuul regression coefficiemts for the control
towmship were unreliable, thus it was necessary to combine three in-
puts of land, laubor, and livestock-fmge invesbmex;t into one input
category. The MVPy 305 in the experimental township was $441.43 and
the control MVEy;,. was $i7h.91. Thus it is concluded that there is
little difference in the level of efficiency of these three inputs
in the two townships.



113

Summary of the Statistical Tests

The purpose of developing and using statistical tests to compare
the two functions has been to determine if the level of econamic
efficiency in the two functions were the same or different fram each

other for the benchmark year of 1953. The following tests have been

used to campare the two functions. The sum of the regressiomn

coefficients for each township, although larger than ane, were found

to be not significantly different from one or different from each

other by the use of Olkin's equation. The individual regression

coefficients in each function were tested against the coefficients in
No significant difference

the other function by the use of a t test.
The

was found in any of the coefficients for the two townships.

aggregate effect of interchanging the regression coefficients for the

two townships to estimate gross incame was tested by a t test of the
means of the expected gross incame. The results of the t test reveal

NOo significant difference in the regression coefficients far the
tWwo functions in the benchmark year. Since same difficulty in
memreting the marginal value products existed due to high inter-
COrrelatims existing in the control township, three of the imputs,
land, labor, and livestock-forage were combined into one input.

The T*esults indicate that the earning power for the last month of
labor Plus the mean proportions of land and livestock-forage invest-
"0t  trms within a few dollars of each other in the two functions.
™MUS 34 35 concluded that 1ittle difference in the earning
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power and the level of efficlency of labor, land, and livestock-forage
existed for the two functions. The MVP's of expenses and machinery for
the two functions were within a close range of each other; it was
concluded that the level of efficlency for these two inputs was about
the same. un the busis of these statistical tests and judgment, it
is concluded that the level of efficiency in the two functions was
not significantly different from each other for the benchmark year of

1953.

Bvaluating the s in Bconomic Efficiency on the
~Tasis of m—‘g‘ naTosts st the Camistlon
of [p Extension Experiment

The same method of using Cobb-Douglas analysis to establish a

benchmark of efficiency in the experimental and control tosmship in
this study was used to establish benchmark levels of economic efficiency
in the other four experimental and their matching control townships

foxr 1953. Terminal surveys on the same 40O benchmark farms in the

eXxperimental and control townships will be made in early 1959 in order
to collect information on the 1958 farm business year. This data will
be wused to £it Cobb-Douglas functions in each of the five experimental
A five control townships. a terminal level of efficiency will be
detexmined on the basis of the fitted functions. The change in
®fLf3clency in each of the townships during the five-year experiment

vi1y then be computed.
The purpose of this section is to discuss some of the possible

ne

Yhods that might be used to measure the changes in efficiency on
th

© Basys of Cobb-vouglas estimates of 1953, and 1958.
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Changes in Terminal Survey Schedule

While these recoomendations are not based on an appraisal of
each of the other four experimental and four control township results
for the benchmark year, it will draw fram the experience of the writer

in collecting same of the data in the control township and fitting

functions to one experimental and its matching control towmship. The

first recamendation is to value the dairy portion of the livestock
investment on the average milk production of each herd, rather than
having the farmer ar interviewer value the hexd. The need for this
change is based on the necessity of revaluing the dairy herd in the
control township and fitting a new function in this study. The only

other minor suggestion is to alphabetize the machinery. and equipment

items to save time during the interview. The expense page could be

altered slightly so that the expenses used in Cobb-uouglas analysis
are listed in a separate colum.

Collecting the Data

The major suggestion for collecting the data is to plot the quanti-
ties of inputs and investment used on each new farm swmrveyed in order
that 5 wide range in the quantities of inputs can be selected. This
PeCommendation will have to fit in with the pairing procedure followed
In the benchmark study, for the same farms sarveyed in 1953 will also
be T"© snarveyed in 1958. This procedure could be used to select replace-
Nent Ffor farmers interviewed in 1953 but who have quit farming,



116

refused to be reinterviewed, or for those schedules that were umsable
for benchmark analysis. xight of the LO control township schedules
and five of the experimental schedules were umsable in this study.

a8 an example, several fruit farms surveyed in 1953 in the comtrol
township offered little information about dairying,hence these famms
could be replaced by dairy farms in the terminal survey.

Fitting the Functions

The only change involved in fitting functions to the terminal data
is to adjust the 1958 prices to the 1953 level in order that the
effects of influation or deflation will not enter the estimates. Thus,
the changes in efficiency will reflect the changes in the quantities
and combinations of inputs used rather than the influence of price

changes.

Comparing the Terminal Estimates with the
Benchmark Estimates
The objective of this procedure is to determine the chunges in
€Conamic efficiency that have occurred during the five-year experiment.
The f£irst step involves comparing the terminal experimental township
fanctions with their base year functions and similarly for the control
boWrniships, The changes in efficiency that have occurred in the experi-
"etal townships will be attributed to the township agent, and the
*OMtrol township changes will be attributed to the regular county
Ftension program. If the efficiency changes are greater for the
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experimental townships than their corresponding control townships,
this increase will be attributed to the township extension agent.
However, if the control township changes are greater or not signifi-
cantly different from the experimental township chunges, then it

will be concluded that the township extension program was of no
greater value in changing the level of efficiency than the traditional
county extension program. One of the hypotheses of the total township
program was to determine if the township agents could speed up the
technology in the township areas faster than the county extension
agents could do in their county areas. Technology change is one of
the factors responsible for a change in efficiency.

Two major factors leading to efficiency changes are a change in
technology and a shift in farm organization. a technology change
occurs when the same quantity or fewer inputs cause an increase in gross
income. For example, if farmers increase their gross income during
the five-year experiment by using the same quantities of inputs as in
1953, but improved seeds, feeds, and breeding practices camse the gross
incame to increase, then the increase in gross income is attributed |
to technology change. The second factor, a shift in farm organization,
occurs when input substitution caunses a change in gross income. For
example a change in gross income fram the use of more machinery and
less labor is attributed to a change in the farfm organization.

This section will discuss several proposals for measuring these
two factors that might be responsible for changes in efficiency on
the farms during the experiment. The first test is to determine if
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there has been a change in the production functions by a technology
change.
Technology change. For example the 1953 function is derived fram

the mean organization of inputs and investments used in the production
process during that year as follows: Y = a Ilbl.....x6b6. The 1953
function yields an estimated regression curve labled 1953 as shown in

Figure V.

12 [ X X ] 16,| Xg oo0e Xn

FIGURE V. Change in Econamic Efficiency Resulting from a
Technology Change During 1953-1958.

By subsvituting the 1953 mean organization into the 1958 equation

(in 1953 dollars), it will be possible to determine the regression
curve that will result from using the 1958 regression coefficients

and the 1953 mean quantities of imputs. The resulting 1958 regression
curve is shown in Figure V. If the 1958 production function is
significantly different from the 1953 production function, then it may
be concluded that there has been a shift in the production function
or a change in the technology. This change is labeled A in Figure V.
The change in technology is credited to the township agent in the
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experimental townships and to the county extension organization in

the control townships. If the change in technology in the experimental
township is significantly greater than the control towmship change,
then it is concluded that the township agent increased the rate of
technology faster in a towmship area than the county extension organi-
zation did in a county area during the five year period.

While the total changes in efficiency for each township are useful
for evaluation much insight can be gained by analyzing the changes in
efficiency on the individuel farm basis. » suggested method of computing
the chunges in economic efficiency on the individuul farm basis are
suggested by Glemn L. Johnson as follows:

1. Deflate or inflate 1958 input data to 1953 price levels for

each farm.

2, Deflate 1958 gross income to 1953 levels for each farm.

3. Estimate income fram 1953 function using 1958 deflated

input data.

L. Find proportion of positive deviations of 1958 gross incame

from 1953 gross income.

5. Test with binomial against p=50. 6

6. If significantly»50, a technological advance has occurred.

Farm organization change. » shift in farm organization is also

responsible for a change in econamlc efficiency. For example consider
a situation when the base year MVP of labor is $91, machinery is L1
percent and the terminal year MVP of labor is $148 and the machinery
investment is 26 percent. On the basis of these estimates it is con-
cluded that the 1958 farms are more efficient because their MVr's a.re‘
closer to their marginal factor costs of $150 for labor and 20 percent
for machinery. The increase in the efficiency might have been caused
by using more machinery and less labor. sn example of such a shift

6
Statement by Glemm L. Johnson, personal interview.
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in farm organization is illustrated in Figure VI. The machinery
investment for 1953 is shown as point » and the 1958 investment as
point B.

, 1958 Punction
e ___.+1953 Function

L
- -~ i
e - i

/ i
;
|

A B
Xé,xg...)g_l ru

Change in sconomic sfficiency by a
FIGURE VI, shift in Farm Organization. Increasing
Xg from A in 1953 to B in 1958.

Thus the researcher can isolate the technology and farm organi-
zation changes and meusure their impact on the efficiency changes at
the completion of the experiment.

Other Suggested Statistical Tests

Several statistical tests used to campare the levels of efficiency
in this study are also suggested for use in evalusting the terminal
TeSwl 43, These are: Ulkdn's test of the & bi's against one, the
S*Pex-imental township $ bi's against the & bifs of the control

bOWraship; Hamunt's t test of the individual bi's of the experimemtal
OWXaship against the control township, and use of the & test of the
s - ¥ of gross income to see how close the estimated mean gross income
Sl SN experimental and control township when their bi's are

i'r:.:"n'qﬁ‘d;::mg@d.
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while these tests are not all-inclusive, they perhaps will pro-
vide a guide for the project evaluator to follow in evaluating the
changes in economic efficiency at the completion of the experiment in
1958.

Determining Why Efficiency Changes Occurred

after the changes in econamic efficlency have been computed and
the experimental townships' changes are campared with the control
townships!, it will be of interest to determine why some of these
changes might have occurred other than the two major reasons of
technology change and farm organization change. a factor to consider
is the effect of inefficient farmers surveyed in the benchmark year
who shift enterprises or quit farming. If ten of the 38 dairy famms
in the experimental township change from dairy to beef production
these ten might be repluced by more efficient dairy farms for the
terminal survey. What effect will this chunge have on the efficiency
level for the sumple? Supposedly, the control and experimental farmers
changing enterprises during the five-year period will counterbalunce
each other, but in the experimental township, the township agent is
working closely with a small mmber of farmers while in the control
township, farmers campete with 3000 other farmers for assistance from
the county extension service. If a larger percentage of the dairy
farmers in the experimental towmship are still in the dairy business
after the five-year experiment than the control township, then it
might be concluded that the township agent was responsible for helping
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the dairy farmers adopt more efficient production processes so they
could stay in business.

Appraisal of Cobb-m% %is as a Measure
of Econamic ficiency

It is felt that both traditional farm management techniques and

production function analyses can make a contribution in the field of
farm management. Both old and new approaches are useful in measuring
econamic efficiency; both require interpretation based on statistical
tests and sound judgment. The purpose of this section is to appraise
the use of one of the new approaches in production function anulysis

that of Cobb-Douglas analysis u«s a measure of econamic efficiency.

Advantages of Cobb-Douglas Analysis

Both the advantages and limitations of Cobb-Douglas analysis
will be discussed under the framework of measuring economic efficiency.
The special advantages and limitations of its use in extension evalu-
ation will be covered in Chapter V. The ease of estimating the
regression coefficients by ordinary least-squares regression methods
after transforming tne data into logarithms is one of the main ad-
vantages of using Cobb-Douglas analysis. In addition this technique
Yields estimates of marginal productivities for individual categories
of inmputs and investments. another advantage of Cobb-Douglas anulysis
is that it ylelds estimates with greater degrees of freedar for a
small sample than other techniques permit.
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Limitations of Cobb-Douglas Analysis

The 1imitations of this type of analysis can be presented under
three categories: inherent characteristics of the function itself,
accourting problems of both inputs and gross incoms, and ummeasured
variables.

Inherent characteristics of the function. The important short-

comings of the function itself are: 1) the function is 1imited to

handle relationships for firms in only one stage of production at a

time because the coefficients of elasticity are constant over the entire

range of the function, 2) the function always originates at Y =X = 0

and in addition if any X; = O, then Y = 0, and 3) symmetry of the

function implies that there is an unlimited range in which the proportion

of any two inputs could be used to produce a given level of output.’
accounting problems. accounting problems in Cobb=pouglas analy-

sis center around measuring inputs, and measuring gross income.

Une of the first problems involved in measuring input categories
is that of establisning a procedure of defining or setting up the
categories. In Cobb-Douglas analysis the Xi usually refers to a group
of inputs instead of a single input. For example labor inputs
represent a cambination of hired, family, and the operators labor
while the land input includes rented and owned land. The collective
land input also includes all land thut is used in the farming operation
regardless of whether it is being used in row crops, legwass, or in

7
Cm, mo _c};b-o’ ppo ]-1"1’40
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sumer fallow. The basic question which arises when setting up

irput categories is, "is there an ideal method of grouping individual
inputs ‘nto categories?" The preferred method states that all inputs
grouped together should meet the least-cost combination,®

There is no set procedure in measuring categories of imputs that
has been established, but the general rules that are suggested by
@em L. Johnson® offer a good guide to follow, The important factors
involved in measuring inputs are those of establishing a standardized
system for handling mauv of the subjective factors and then maintain-
ing a consistent pattern throughout the entire study.

The accounting problems which arise when measuring gross incame
are those of cambining the products of one or more enterprises into
the value product for the whole farm and reflecting changes in
inventory resulting from various investments and expenditures made
during the year.lo

Multiple enterprises within a farm business can be combined into
a single measure of gross income for the farm by restricting the
sample under study to fams having one major enterprise or by fitting

a separate production function for each enterprise. . physical cost

8
4 least-cost combination refers to the best way to spend a glven
amz\mf of money on all pairs of imputs in order to produce any given
output .

®Bradford and Johnson, op. cit., p. k.

1950hnson, "The Cobb-nouglas Production Function with special Refer-

ence to Fitting Value Productivity Function for Farm Businesses,”
o. cit., p. 3l.
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accounting system for handling multiple enterprises has been recently
developed by Ber:!.nger.ll

The second major accounting problem encountered in measuring
gross income is that of handling depreciation, maintenance, and
repairs in inventory changes. The difficulty of adjusting gross in-
came arises since these items do not help generate gross income but
rather, they protect the value of t he fixed assets. The most accurate
method for handling all items that do not help generate gross income
is o eliminate them from the input categories.l? For example, by
eliminating these items from the machinery investment, the marginal
return to the machinery investment must be large emuél to cover
repairs, maintenunce, and/or depreciation as well as whatever return

the manager considers necessary.

Unmeasured variagbles. Certain important factors in the pro-

duction process are difficult to define, record, and measure. These
ummeasured variables include intangible and subjective factors such
as management, weather, and technology. There are two methods of
handling these factors (1) design study to hold these factors constant
or to a non-troublesome range or (2) measure unexpluined residuals
and incorporate them into the study.l>

D'Ghristcph Beringer, ".. Method of Estimating Marginal Value rroduc-
tivities of Input and Investment Categories on Multiple mnterprise
Farms," (Unpublished th. V., Dissertation, Department of ~gricultural
Economics, Michigan State University, 1955).

12J chnson, "The Cobb-Douglas rroduction Function with Special Reference
to F,:f.‘tti.ng Value Productivity Functions to agriculture," op. cit.,
p. 3b.

LBrpi4., p. 26.
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The most important of these factors, management, is usually
ummeasured in value productivity studies because of the difficulty in
defining and measuring it. The most practical method of handling
nanagement in view of this is to use personal judgment based on exist-
ing managerial concepts when selecting farm managers for the sample.
This procedure attempts to restrict the farms in a sample to a range
with respect to managerial capacity so that all farms will be operating
on the same managerial production function. A further refinement can
be made by examining surveys with lurge unexplained residuals; if
these can be attributed to superior or inferior managers amitting or
replacing these surveys will then more closely satisfy the condition
that all farms will be on the same managerial production function.

Comparison of Cobb-Douglas analysis with the Essential
Characteristics of a Good Measure of
Economic kfficiency

In Chapter I the chauracteristic of reliability and validity were
suggested as being necessary for a good measure of economic efficiency.
The purpose of this section is to compare the characteristics of
Cobb-Douglas analysis on the basis of this study with these essential
characteristics. It must be realized that same of the details of
using this method cannot be fully appraised until the completion of
the experiment.

Validity. The characteristic of validity stated that the measure
must reveal the level of economic efficiency for the firm. In order
to meet this condition the output must be measured in marginal terms
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and both input and output must be measured. Cobb-Douglas anulysis
meets the validity condition by providing an estimate of the level
of efficiency for a sample of farms by estimating marginal value
productivities of inputs and investments. These estimates can be
campared with the marginal factor costs for each input and the level
of efficiency for the sample can be derived., The optirmum level of
efficiency is derived by the marginal factor costs for each measured
input and investment. Both input and output are measured in Cobb-
Douglas analysis. The output is measured in marginal terms.

Reliability. The condition of reliability is met when a measure
can be used by the same or different researcher in the same sample
area or different sections of the county to derive approximately the
same estimates of productivity.

The reliability of Cobb-uvouglas analysis is dependent upo;x mary
factors such as the sampling procedure employed, the accuracy of
grouping of inputs, and the statistical tests used. This type of
analysis is subject to many of the common problems of conducting any
type of empirical research in agriculture, hence many of its short-
comings are common to cther types of production function analysis.

On the basis of fitting this type of function to two townships
in this study it is felt that the experimental township results were
highly reliable while some of the shortcomings in the sampling tech-
niques caused only fairly reliable control township estimates. In the
control township the high intercorrelations caused several unreliable
marginal value products. It is felt that under new sampling procedures
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in which a wider range in inputs were selected, more reliable control
township results could be obtained. Some of the important factors
affecting the reliability of this type of analysis were discussed in
Chapter II. On the basis of this study and similar studies conducted
across the country such as the Northern Iowa, Southern Iowa, Montana
and alabama study of resource productivity it appears that Cobb-
Douglas analysis can be used to measure econamic efficiency in
different parts of the country and for different types of fa.ming.lh

Sumarizing the results of camparing Cobb-Douglas analysis on
the bagis of the experienced gained in this study with the necessary
prerequisites of a good measure of economic efficiency reveals the
following: it satisfies the validity churacteristic, measures both
input and output, output is expressed in marginal terms, while the
reliability characteristic was not fulfilled in the control township
hence this characteristic cannot be fully appraised until the com-
pletion of the experiment.

lhlsarl O. Heady and Russell Shaw, Resource Returns and Productivijz

Coefficients in Selocted Farming Areas of 1 Iom., _Montana, and
alabama, Research Dulletin L25, Iowa State College, ames, Lowa,
april, 1955.




CHAPTER V

APPRATSAL OF COBB~DOUGLAS ANALYSIS AS A TOOL
OF EXTENSION EVALUATION

This chapter appraises the use of Cobb-vouglas analysis in
extension evaluation on the basis of using this method to establish
benchmark levels of economic efficiency in one of the experimental and
its matched control township for this thesis study.

Economic kfficiency Redefined

Une of the major tasks of farming is to organize limited resources
into the most profitable operating unit. a farmer faces many alterna-
tive uses for his capital and labor. With limited funds the farmer
must invest these where they will yield the greatest return. If this
condition is followed, the returns for the farm firm will be maximized.
While farmers use their own lnowledge to solve many of the managerial
decisions leading towards profit maximization, they have an opportunity
to obtain advice from local county extension agents, township extension
agents, college specialists, commercial management firms, and to obtain
educational information from feed or seed dealers and other agencies.
Since farmers request information from the county extension agents and
even more intensive assistance from the township extension agents in
order to achieve greater economic efficiency, one of the methods used
to evaluate the township program is a measure of economic efficiency.

129
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Cobb-Douglas analysis is used along with traditional farm management
amlysis to measure the changes in economic efficiency which occur as
a result of the township extension program. Using the strong points
of both methods of analysis will enable an evaluation procedure to be
developed to record, measure, and interpret the changes in econamic
efficiency resulting from the township program.

Methodological Procedures

While the general nature of setting up a Cobb-Douglas problem was
outlined in Chapter II, this section will cover some observations gained
from surveying same of the farms in the control township and fitting

functions to both townships.
Sampling

A major decision facing extension evaluators who are measuring
economic efficiency is the type of sampling method to employ. A dis-
cussion of the three types of sampling--farm record-keeping projects,
random, and purposive was presented in Chapter II. Purposive sampling
was selected forthis study in order to reduce the intercorrelation
between the input categories and thus increase the reliability of the
bi's and the MVP estimates. It is realized that by using purposive
sampling in this study to select a small number of farms that only
one type of faming is analyzed. Restricting the sample to one type
of farming has been questioned by some extension evaluators.
Evaluators want to know what changes ocour in all types of farming
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as a result of extension education rather than to have specific inform-
ation on one type of farming. This is a problem faced in this study
vhich is important not only in Michigan but in other states with a
diversified agriculture.

Several alternatives are available for an evaluator who wishes
to employ purposive sampling and still gain information on all types
of farming in the area. . large random sample of 100-200 farms can be
drawn (this was impossible in a six square mile township area in this
study as there were only 100-160 farms per township) and several sub-
samples of 25-30 schedules of dairy, beef, or fruit farms could be
used to fit dairy, beef or fruit functions. another alternative is to
select a amall sample of 25-40 farms purposively and then use Beringer's
multiple enterprise Cobb-Douglas function to fit both crop, hog, dairy,
or beef functions. In view of the cost of collecting data it appears
that purposive sampling does have an important contribution to make
in sampling for extension evaluation as it permits small samples of
30-40 schedules compared to several hundred as cammonly collected by
random sampling methods.

Cost

The cost and benefit of any method of collecting and analyzing
information for making estimates of resource productivity is of great
importance to extension administrators and evaluators. ereﬁt]y,
extension administrators in several states are in the process of evalu-
ating their farm and home development programs. Several states are
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examining the possibilities of using Cobb-Douglas analysis as a tool
of evaluation.

although no detailed cost studies have been made on using Cobb-
Douglas analysis, it is estimated that the benchmark study cost per
processed schedule was $30 each. This is broken down into approxi-

mately $20 field cost and $10 statistical processing cost. At a cost

of $30 each, the total cost of the 78 schedules for this study would
be approximately $2,340. This compares with approximately $25 per
schedule in the Micnigan farm account project of over 500 farms.
Glemn L. Johnson, while at the University of Kentucky, conducted
several Cobb-vouglas studies and estimated a $25 cost per completed
Processed schedule in 1952,

The $30 cost per schedule for this study included not only
information necessary for Cobb-Douglas analysis but also such items
as changes in farm practices, net worth, extension participation, and
traditional famm account information. Consequently the cost per
schedule for Cobb-Douglas analysis is under $30 if proportional
credit is allowed for the information collected other than for Cobb-

Douglas analysis.

Accounting

Glenn L. Johnson has stated frequently that accurate Cobb-Douglas
Maly sis depends upon a sound knowledge of basic farm accounting. This
Statement, is important because the accuracy of grouping imputs,
®llecting the data, and interpreting the results all center around a
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knowledge of farm accounting. The problems encountered in accounting
for both inputs and gross income are discussed in Chapter IV. These
problems and developing statistical tests were the two most difficult

aspects of this study.

Fitting the Function

Three functions had to be fitted to the control data because of
a failure in the sampling procedure to first select a wide range in
the quantity of inputs and investments. another error in the control
data was undervaluing the dairy herd which caused an overestimated
MVP of the livestock-forage investment. Because of such errors, it
may be necessary to refit functions to insure accurate results.

rrice Change Adjustments

Formerly Cobb-vouglas results held from year to year only if the
prices of input and ocutput increased (decreased) proportionately or
remained the same, However this situation has been recently corrected
by Trant's method of adjusting prices of input and output by Laspeyre!s
index. Thus it is possible to adjust Cobb-Douglas estimates to price
changes and extend the useful life of the estimates. It is concluded
tentatively that this method can be adopted for the 1958 terminal data.

Interpretation

Many factors are involved in interpreting the results of Cobb- |
Douglas analysis. The use of sound judgment based on a thorough
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knowledge of the area under study, basic accounting procedures, and
knowledge of marginal analyses are important to the success of this

type of analysis.
Application

although the Cobb-Douglas method was used previously in agri-
cultural studies, it still remains to be widely used for estimating
economic efficiency in agriculture. An obstacle is that the results
of Cobb-Douglas studies are limited to the specific type of farming
and geographic area studied, For example, the results of this study
will provide a framework for budgeting and analy2ing dairy farms only
in the experimental and control townships and surrounding areas.
kExtension evaluators have hesitated to use the method for a variety
of gsound reasons. smong these are the lack of information about the
procedure involved in adapting this type of analysis to extension
evaluation, and the questionable reliability of the method.

Surmary

On the basis of this preliminary study, the following highlights
of the potential use of this method in extension evaluation are:
1) It satisfies the condition of validity.
2) Tts reliability is samewhat questionable on the basis of
the control township'z results.
3) A sound kmowledge of farm accounting is extremely important
to the success of Cobb-Douglas analysis.
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L) Purposive sampling permits 30-4O schedules to be selected
per county or township.

5) The cost of using this method is about $30 per processed
schedule.

6) Several statistical tests outlined in Chapter IV offer
possibilities for measuring the significance of the levels of
efficiency in a sample area.

7) The preliminary results of estimating and comparing benchmark
levels of efficiency in two townships suggest that Cobb-Douglas
anulysis is a good over-all measure of efficiency and is
better adapted to measuring the changes in efficiency for a
group of farms than on an individual farm basis.
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APPENDIX A

SURVEY SCHEDUIE USED TO COLIECT INFORMATION FROM 200 FARMS IN
THE FIVE EXPERIMENTAL TOWNSHIPS AND 200 FARMS IN THE
FIVE CONTROL TOWNSHIPS FC(R THE YBAR (F 1953



C-O-NF--DENTI-A-L

Information on the attached confidential -

survey form is to be used only for research

at Michigan State College.







Farm No. Interviewer

Date of Interview

Name Address

County Twp. Sect.

Location of Farm

Qtr

(Miiles from town)
SIZE OF FARM

Total Acres Owned Rented

Tillable scres Owned Rented

Type of Lease

CROPS RAIStD

Acres | Yield

Total

CROP
1953 1953 195153

Prod.
1953

Corn for silage

Corn for grain (sh. bu.)

Beens

_ Potatoes

Sugar beets

QOats

Grass silage

Legume silage

Hay: Alfalfa (500,)

Other legume (50%)

Nonlegume

_Tillable pasture:

Alfalfa (50%)

Other legume (50%)

Nonlegume

— ——- — S| O A S S S

Green manure crop

Idle

Summergfallow

e

TOTAL TILL~BLE ACR&S

Nontillable pasture

Woods not pastured

Farmstead, roads, lanes

—— ——
— ﬂ: -~

|

TOTAL ACRES

)




FERTILIZER AP/LIZD IW 1953

Lbs. per
_ Crop Acres acre Cost
Fertilizer «: $
Corn Flanting |_ _ _ | B s T
Side dress

Oats, seeded

Oats, not seeded

Wiheat, '52-53
At Planting
Seeded Top dress

iheat, '52=53
Al b e .,At! P]-aming-
_Not Seeded Top dress

e —— — =

Wheat, '53-54
At Planting

Hay, Top dress

TOTAL FLR1IT.IZER

Lbs. of fertilizer per tillable acre

Cost of fertilizer per tillable acre §

Tons Per
Acres Acre

LILE APPLIED IN 1953

Total
Tous

S

Cost

b S—

Indicate field on which major time and fertilizer investments were made

~




SEEDS AlID PLANTS
Cost of Perennial Seeds and Plants Used in 1953

(Grasses, Legumes, Fruit)

Kind

ACTrES
Seeded

155,
Seeded

CoSTOF
Value 1/

TOTALS

1/Include value of seed on hand at beginning of year or raised during year along
with note to that affect.

Hay and Pasture Inventory on Jan. 1, 1953, and Amount Plowed Under During the Year

Age and Total Plowed Under Prop.

Kind Acres |Gcondition | Per A. |Value |Honth |, oon, |Credit
anure? .
5 v W
TOTALS XX Xx XX w

Inventory of Small Fruit and Fruit Trees, Jan. 1, 1953
Kind No. of Acres |Value per Unit gptal Val ue
TOTALS 9

Cost of machinery hired for land reclamation 9




LIVESTOCK INVENTORY AND B

LANCE

Kind

Jan. 1, 1953 Add

Subtract

Jan. 1

1

Noe
Bought

No.

No. Sold &
Butchered |

Dairy Cattle:

cows

$

No.

gggd

Value

Heifers (over 1 yr.)

Heifers (under 1 yr.)

Bulls

Calves (under I yr.)

TOTAL DAIRY

“Beef Cattle:
Cows

Heifers (over 1 yr.)

Heifers (under 1 yr.)

Calves

Bulls

Feeders

TOTAL BEEF

Hogs:

WS _

— Gilts

Boars

Feeders

Pigs

TOTAL HOGS

Sheep:
R EQGS

Rams

Lambs

Feeders

Wool

—— —

TOTAL SHEEP

—

Poultry:
Hens and pullets

Roosters

—_Broilers

Turkeys

TOTAL POULIRY

GRAND TOTALS

XX XL XX

<>

XX

XX

Heifers Freshened:
No. Month

——
—
———

S ——————
e ——————
————————



LIVESTOCK BOUGHT AND SOLD

T W

Livestock Bought During Year

Livestock Sold During Year

Kind No. |Date| Cost n(l?n:f' Kind No. Date'nRec'd “(l:::opi.“
w ¥ P ho
LACHINERY AND EQUIP.ENT BOUGHT AND SOLD IN 1953 1/
Purchases Salles
Date lten Total cost|Prop. add«| Date Itenm Total value| Prop. ded.
[ [4 & o
¥ w0 [y 32

-—— -

y Carry over to machinery inventory on following page.



MACHINERY AND EQUIPWINT LNVENTURX v

Auction Value Book Value Depre- Book Value
Ttem Jan. 1, 1953 Jan. 1, 1953 ciation| Jan. 1, 1954
) . or years remaining
“Auto: lake & Ir. ¢ ® b @

Farm Share TJZ 3

Truck

Trailer

_Wagons and racks

‘Tractor

Tractor plow

_Tractor disc

_Tractor cultivator

_Harrows

Roller or cultipacker

_Field cultivator
-deeder —_—

_Beet or bean cultivator

Beet lifter or bean puller

Corn planter

Corn picker

Grain drill

Grain binder

Combine or threasher

" Hower

Hay rake

Lﬁay Joader

"~ Hay baler

rorayge chopper

, Manure spreader

_Manure loader

_Brooder house

Brooder stove

Hog house, portable

Electric fence

Feed grinder

‘Electric motors

14.1king machine

Hilk cooler

Cream separator

Cans, pails, etc,

Small tools

Totals




Yy

NE] I.iFROVE.LNTS BUILT DURING 195%

¥onth

Item Cost

Estimated
Life

9

1/ Carry to improvement inventory below.

VALUE OF LAND AND BUILDINGS

iMarket Value
January 1, 1953 i/

Market Value

January 1, 195) Y

_Omed land and buildings

3

&
w0

Rented land and buildings

y Use seme values at beginning and end of year unless acreage has changed.

LiPROVE/ENT INVLNTORY

Jan, 1, 1953

Book Value

$

w0

Book Value

{.‘Lspreniat.m-n____.-_.___;lan._l,_lszih_-.

Y

Tenant house __ __
Dairy barn

o ———

_Other barns

11k house

Cornerib

G ranary

Hog house

Poul try house

_idachine shed

Garage

Silo

Storage

well & water svstem

Fencing
Tiling

Building material

N

TOTALS

<>




BUILDING CAPACITY

If the best cambination of livestock were kept for the present buildings and

feed storage, how many of each kind of livestock could be housed?

Dairy cows Dairy young stock Beef cows
Feeder cattle Sovis Feeder hogs (100#)
Sheep Laying hens Chicks

Other

FEED AND CROP INVLNTCRY

Jan. 1, 1953 Jan. 1, 1954

Kind Quantity |Price ;| Vd ue Quantity | Price

Value

Py

[$ ]

_Corn, silage o 5} S 8

Corn, grain (shelled bu.)

_Beans

Sugar beets

Potatoes

N

Oats

wheat

Alfalfa

_Hay:
Other legume

HOIQ,Q gu.e

Grass silage

Fyperoey

Straw

Fodder

L e e — e

Bean pods

Commereial feeds

Seed: Annual Cropa

Seed: Grasses and legumes

Growing Wheat ° -~ . -

o s

\
$

XX

TOTALS XX

Inventory change

E——



1\




CASH RLCEIPTS

Source Quantity Price Amount

T
€

Livestock and Livestock Products Sold;
Cattle page U

Eeceived

Hogs (page )

Sheep (page L)

Poul try

HIk

Other dairy products

Eges

Wool

—

TOT/L TIVEST.CK

|
|

ODS O0ld;
Wheat

Oats

- Corn

.

TOTAL CROPS

Other Recei ts:
Woodland Products

Custom work or ' machinery rented

Agricul tural brogram payments

Land and pasture rent

Dividends

Total Other

[ ety

TOTAL CASH RECEIPTS XXX XXX o

Dairy cattle income

Beef income

Hog income

Sheep income

Poultry income
Total livestock income
Crop income

le)

W
"\
e ——
e —————
e —————————
e —————

e

S,
M
\



—
—




VALUE OF FAJJLY LIVING FURNISHED BY FARM

10

Farm Product Amount Price Total Value
$ $

Milk

But.ter

Eggs (QOZ.)

Poultry (1bs. or number)

Beef
_Pork
_Mutton
Fruit

Yegetables

ilood

Ot her

“TOTAL XX XX 9
LABCR
Operator months; Family months; Hired months; Total
No. of men
WORK OFF THE FARM
Kind of Work By Vihom Days Rate BooTved
- kY] 5]
TOTALS xxX XX _

Total income from other nonfarm sources (interest, dividends, rents, oil royalties.)




CASH E.PENSES

11

Item

Cost

Hired labor

Feed purchased

Seeds and plants purchased - annual

Seeds and plants purchased - perennial (page 3)

Custom work or machinery hired

Supplies purchased

_liachinery repair and maintenance ) Farm_share

Gas and oil for farm use (less refund)‘) only

Improvement repair and maintenance

-Livestock expense

Fertilizer and lime (page 2)

_Taxes

Insurance on property

Interest
_Electricity (farm share) _

_Telephone (farm share)

baby chicks purchased

Other farm expenses

TOTAL CASH EXPENSE




AFPENDIX B

THE F TEST F(R TESTING THE SUM OF THE REGRESSION COEFFICIENTS
IN A LINEAR REGRESSION EQUATION AGAINST A CONSTANT







THE F TEST FOR TESTING THE SUM (F THE REGRESSION
COEFFICIENTS IN A LINEAR REGRESSION
EQUATION AGAINST A CONSTANT

The following is a method of testing the sum of the regression
coefficients of a regression line against a constant, The test was
developed by Ur. Ingram Olkin, associate Professor of statistics at
Michigan state University. The test is applicable in all fitting
procedures which use an (n-1) x (n-1) matrix when n parameters are
being estimated.

The Test: Consider a regression equation of the form

rePaim Byt Byxt
vhere & is normally distributed with mean O and standard deviation O .

A sample of N independent observations .°. taken and the hypothesis

P
Hy :3 F1i=c (some constant) is to be tested.
I

Solution:

. m XX x1n

. J&)l s J&)n

A =X X', then A is a symmetric pxp matrix. The normal equation leads
to the least squares estimates of the B's, namely,



]
b=A Xy, wvhere b=/, .

The test to be used is:
P 2
(1) (N-p) (c-Z= by)
1 - s N-p
1 2 1
Sa s
vhere N = mmmber of observations in the sample

p = mmber of regression coefficients (excluding a)
which are estimated

¢ = same constant (¢ = 1 in cases of linear hypothesis)

P
S bi = sum of the regression coefficients (excluding a)

1
ij -1 ij
a = elements of the » matrix., The a are the c
iJ
values obtained in the back solution of the voolittle

method,

2
£y, - Sm’sx31%) 25(vaby . Sx, X, )

The statistic (1) has an F distribution with 1 degree of freedom
in the mmerator and N-p degrees of freedom in the denominator. Large
values of F are critical.



APPENDIX C

A t TEST FOR TESTING THE MEANS OF THE GR(SS INCOME EY USING THE
POOIED VARIANCE OF THE MBANS WHEN THE REGRESSION COEFFICIENTS
FOR THE EXPERIMENTAL AND CONTROL TOWNSHIP ARE INTERCHANGED



A t TEST F(R TESTING THE MEANS OF THE GROSS INCQME BY USING THE
POOLED VARIANCE OF THE MEANS WHEN THE REGRESSION COEFFICIENTS
FOR THE EXPERIMENTAL AND CONTROL TOWNSHIPS ARE INTERGHANGED

The simple t test of means was adapted fram Snedecor!s book

Statistical Methods on page 77. The test was used to discover whether
the estimated gross income in the experimental and coatrol townships
differed fram the estimated gross income when the regression co-
efficients were interchanged. Consider the experimental township
problem, The gross income for each farm was estimated by using the
experimental township regression coefficients. The gross income for
each experimental township farm was again estimated by using the control
township regression coefficients. The sum of the gross incomes is
379,3l1 and divided by 32 degrees of freedom (n-1) = a mean gross
income of $11,495.18 which is the mean of the estimated gross income
when the experimental regression coefficients are used. The sum of
the gross incames for the experimental township when the control
regression coefficients are used is 392,22); divided by 32 = $11,885.57
which is the mean gross incame for the experimental township when the
control township regression coefficients are used. The difference
between the mean gross incomes is $39.39. The results are listed
as follows:
Experimental Township Number Degrees of Mean Gross Sum of Squares
of Farms Freedam Income -
Experimental bi's 33 32 $11,495.18  5,382,032,599
Control bi's 33 32 $11,885.57 5,829,987,2LL

. BTN IR T 0 P AT 2 B B At ' aren = s m—






Sum = 6,  Difference = X $390.39  SX° = 11,212,019,8L2

Pooled variance = s = 11,212,019,843/ 64 = 175,878,810.5
ex = 2 82 / n =2 (175,878,810.5) /33 = 3258.L%
t = 390.39/ 3258.L4 = .1198

(.95) = 197

t of ,1198 <1.9976 so it 1s concluded that the regression

coefficients for the control township are not significantly

For 6l degrees of freedom t

different from the regression coefficient for the experimental
township when they are both used to estimate gross income in
the experimental township.

The calculations used to estimate t in the above section are
sumarized in the following equation:

t =x ggn-lg

The gross incame for the control township was estimgted by using
the control township regression coefficients and by using the experi-
mental township regression coefficients. The results are as follows:
Control Township Number Degrees Mean Grogss Sum of Squares

of Farms of Freedam Income

Control bits 30 29 $11,664.80 L4,666,613,308
Experimental bi's 30 29 $11,676.73  L,63L,915,59L

58 Difference 11.93 Sx°=9,301,558,902
t = 0036



For 58 degrees of freedom t(.95) = 2,0016

t of ,0036< than 2.0016 so it is concluded that the regression
coefficients for the experimental township are not significantly
different from the control township regression coefficients
when they are used to estimate gross income in the control
township.
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