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ABSTRACT

IMPACTS OF TENURE ARRANGEMENTS
DEBT STRUCTURE AND RATE OF RETURN
ON PRODUCTIVE ASSETS
ON CROP FARM INCOME IN MANITOBA
- A SIMULATION STUDY

by

Errol T. Lewis

Concerns about low and variable income situation continue to be
pervasive in the agriculture sector despite attempts by both Federal
and Provincial Government to improve them. This study re-examines
farm income in an attempt to provide new insights on those two
concerns.

A sixty-subroutine simulation model was constructed as a
representative crop farm. Using this as the basic framework a
factorial experimental design was implemented and the various combin-
ations simulated. Each simulation was run for twenty-years under a
deterministic mode; using farmland use controi, rate of return on
productive assets and debt structure as controllable variables and
net income, net cash flow and net worth as performance measures.

The major results of the study are that farmland control
arrangements positively influenced all performance measures; rate
6f return displayed positive effects on net cash flow and net worth
and net income, and debt structure had increasing impacts on all_
performance criteria. Net income showed relatively lower values

and greater variability than net cash flow and net worth. This




suggests that the lowness and variability of income are inherent in the
definition of net income and that net cash flow and net worth are more
appropriate criteria.

The major implications of the results are related to land policy,
resource adjustment and productivity, farm credit and financial manage-
ment and farm income stability and welfare. Land use. and ownership
policies may incorporate a quantitative basis for restricting ownership.

Tenure arrangement can also influence land use and conservation policies

by serving as the regulatory mechanism.

Incorporation of debt structure as a precondition for borrowing
will permit available credit to be loaned to viable farm and to ensure
that credit needs of the sector, especially short term and medium term
needs, are met quickly by lending institutions.

The results have implication for stabilization policies. They
suggest that the perceived problem may not be one of net income but one
of cash flow. Therefore, stabilization programmes should be based on
cash flow requirements rather than income. This will dissipate some
of the inequalities in ownership of income earning resources with
consequences for equitability in distribution, levels of income,

maintenance of the family farm and rural outmigration.
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CHAPTER I

INTRODUCT ION

This chapter introduces the problem area, indicates its
importance and validity, isolates the specific aspects under
study and presents some essential background information.
It presents assumptions, hypotheses and objectives and notes
the scope and limitation of the study. The final section
of the chapter gives the organization which serves to guide

the reader through the remainder of the thesis.

THE PROBLEM AREA

Usually, empirical scientific inquiry in the behavioural
sciences follows steps such as conception of idea, problem
identification, design of study, execution, analyéis and
dissemination in order to explain facts or observations in
the study area at issue. This study sfmilarly patterns
itself and starts by identifying the topic. The broad topic
at issue in this study is the farm income problem. This
term refers to statistical observations that incomes of
farmers are highly variable from year to vyear, and on
average have declined in recent years relative to the real

income of comparable people in nonfarm occupations.® |t has

! T.W. Schultz, '"Are We Solving Our Farm Problem?" in R.J.
Hildreth ed. Readings In Agricuttural Policy, University
of Nebraska Press, Lincoln, Nebraska, 1968. p. 141..

-1 =
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been suggested that Ilow returns for family labour and

investment in commercial agrfculture are the outcome of high

level of aggregate output and acute oversupply of farmers.?

Low and unstable farm income continue to be the major
problems besetting the agricultural sector, not only in
Manitocba and Canada, but also in other parts of the world.
Many farmers in Manitoba and Canada are finding it increas-
ingly difficult to provide a decent standard of living for
their families.® This difficulty has been accentuated by
recent high levels of inflation and the general belief in
many quarters that farmers are in need of assistance to
suppiement incomes:

from basic economic textbooks, through profession-
al agricultural literature to farm organisation
position-papers, all forms of the media, and unto
the floors of every Government in Canada, it is
accepted that farm incomes are lower and more

variable than incomes of the non-farming segment
of the population.*

2 G,E. Brandow, '"A Framework For the Farm Problem'" in R.J.
Hildreth ed. Readings In Agricultural Policy, University
of Nebraska Press, Lincoln, 1968. pp. 132-140.

3 Standard of living is equated to poverty levels. A lTow
income family had a total annual net income of not more

than $6,363. This income was approximately equal to a

farm having annual gross sales of no more than $14,999., A
medium income family had a total annual net income between
$6,363 and $10,236. Farms with gross annual sales between
$14,999 and $39,999 constituted farms in the medium income
range. Farm families receiving annual total net income
greater than $10,236 and having annual gross sales in
excess of $39,999 were in the high income range. For
further details on income and poverty boundaries see
C.A.R. Pemberton, ''Goals and Aspirations and the Low
income Problem," Unpublished Ph.D. Thesis, University of
Manitoba, Winnipeg, October 1976, pp. 22-32.
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The preceding statement clearly reflects not only the
pervasiveness and complexity of the farm incomg problem, but
also the confusion the topic generates. It is not surpris-
ing, therefore, that great concern is expressed about the
problem:

conventional wisdom, reinforced by politicians,
governments and farm group, is that farmers are
poorly paid for their efforts, are poorer than the
rest of society, and are about to exodus farms
because of inadequate returns.$

Whether the above statements exaggerate, oversimplify or
misrepresent the farm income situation may be a moot point.
What is important is that every group which participates in
the decision-making milieu believes that farm income is the
fundamental concern of the agricultural sector. The sector
continues to comprise a large share of the national
households and the labour force, contributes significantly
in the economic welfare of ‘the state, and possesses an

effective lobbying force which influences national policy.*

The foregoing statements suggest an urgent need for new

¢+ R.M.A. Loyns, Farm to Food Prices, Discussion Paper No.
157, prepared for The Economic Council of Canada, Ottawa,
January, 1980, pp. 66.

s Ibid., p. 67.

¢ Agriculture's contribution include 3.3 percent of the
gross domestic product in 1976, 5.0 percent of the total
labour force, 10.6 percent of total exports, 15.2 percent
of total consumer expenditure on food. There: were some
338,578 agricultural households in 1976. See T.S. Veeman
and M.M. Veeman, "The Changing Organization, Structure,
and Control of Canadian Agriculture." American Journal of
Agricultural Economics, Vol. 60, No. 5, December, 1978,

pp. 759-768.
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investigations of the farm income problem in order that
these referential.groups will have more detailed’'and-additional
information on which to deliberate and to base policy and
other decisions. Increasing pres;ures will be placed on
‘those decision making groups to ameliorate the burdens of

the farming sector.

Agricultural policy in Canada in the early sixties had

the following goals:

1. Full emplioyment.

2. A high rate of ecomomic growth.

3. Reasonable stable prices.

L, Maintenance of a viable balance of payments.

5. Equitable distribution of income.’

Anderson? notgd that agriculture should be an efficient
‘industry which meets fully the competitiveness of other
industries for the resources used in agficu]ture so that its
rates of return would equal those set by the general level

prevailing in the economy.

The objectives of agricultural policy for the Province of

Manitoba inciuded stabilizing net farm income and enhancing

7 W.W. Drummond, W.J. Anderson and T.C. Kerr, A Review of
Agricultural Policy in Canada, Agricultural Economics
Research Council of Canada, June 1966, p. 67.

: W.J. Anderson, Agricultural Policy in Perspective.
Agrigultural Research Council of Canada, June 1967, p. 10.
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the economic viability of low and middie income producers.?®
Implicit in these objectives were the goals of higher net
per capita income, less variability in income, and a more
equitable income distribution. The objectives enunciated
above continue to be evident in both Federal and Provincial
farm policies today.!® Pemberton!®* has reviewed the Jlow
income problem and discussed federal and provincial
programmes which were designed to deal with 'it. Loyns,!?
Gilson.'* and Wirick!* have discussed the programmes in

detail.

The preoccupation of policy-makers with the goals of
higher and more stable farm income and more equitable
distribution of farm income is justification for investigat-
ing the farm income problem. The problem is a complex one

comprising inadequate income, variable income and uneven

* The Province of Manitoba, Guidelines for the Seventies,
Introduction and Economic Analysis, March 1973, pp. 83-84.

10 J.C. Gilson, ''Canadian Agriculture and a National Food
Policy," National Food Policy. Proceedings of the
Agricultural and Food Marketing Forum, ed. R.M.A. Loyns,
University of Manitoba, Winnipeg, November 1979. pp.
1-15. See Agriculture Canada, Challenge for Growth - An
Agri-food Strategy for Canada. Discussion Paper,
Agri-6-81DD July 9, 1981.

11 Pemberton, op.cit., pp. 1-8.

i1z Loyns, op.cit., pp. 7L4-78

13 Gilson, op.cit., pp. 1-15.

14 R.G. Wirick, A Preliminary Paper in Some Food Policy

Aspects of Farm Income, Reference Paper No. 9. Food
Prices Review Board (Undated).



distribution of income.

Despite efforts by governments in terms of various
agricultural programmes, the problem remains. This apparent
failure of the market system and governmental programmes to

"deal effectively with the income problém warrant new
investigations on the topic. Some probable reasons for the
apparent ineffectiveness of government programmes in
alleviating the farm income problem were that the programmes
did not address in sufficient detail, the distributional
aspects of income within the agricultural sector, rates of
return the farmer receives for his fixed resources, the
farmiand tenure arrangement under which the farmer operates
and the types of debt relationships the farmer is forced to

maintain in the operation of his farm.

The low income problem itself comprises a trilogy of
problems:
a) the physical asset problem,
b) the resource adjustment problem, and

¢) the preference problem.:s

The Jlow income problem sometimes viewed as an income
inadequacy problem, is usually displayed by comparing the
farm net income with the nonfarm income. Viewed in this way
the average net farm income more often than not lags behind

the nonfarm net income.

15 Pemberton, op.cit., p. 6.
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Tables 1, 2, 3, and 4 present net farm income and total
net income for farmers and nonfarmers using different kinds
of data. Tabie 1 shows values when taxfilers data for
1967-1978 are wused. Table 2 shows the incomes when data
used is Revenue Canada, Taxation 'farmer". Table 3 gives
the income values when the data used are those for individu-
als who report farm income as their major source of income.
Table 4 gives the income for farh family and nonfarm family

using Survey of Consumer Finance data.

In every data case, net farm income and total net farm
income tend to be less than the total net income of the
nonfarm group. A similar situation 1is reflected when
incomes of the farm family are compared with those of the

nonfarm family.

In 1971, average farm family income in Canada was only 72
percent of the average nonfarm family income.¢ OQOther work
has shown that the ratio between per capita income for the
farm/nonfarm was .50 for Canada and .42 for Manitoba. When
adjustments were made for income-in-kind, and the comparison
made between per farm family and per nonfarﬁ family the

ratios were .77 for Canada and .63 for Manitoba.!’

1é B.H. Davey and Z.A. Hassan "Farm and Off-Farm [ncomes of
Farm Families in Canada,' Canadian Farm Economies,
December 1974, pp. 16-23.

17 R. Paul Shaw, '""Canadian Farm and Nonfarm Family Incomes,!

American Journal of Agricultural Economics, Vol. 61, No.
L, November 1979, pp. 676-682.




TABLE 1

AVERAGE INCOME OF FARMERS AND NONFARMERS (USING TAXATION
DATA FROM TAXFILERS) %

Year Net Farm Total Net -  Total Net (2) as a
Income {a) I ncome (b) Income of Percentage
All Taxfilers of (3)
(Dollars) (Dollars) (Dollars) (%)
(1) (2) (3)
1967 2,037 3,981 : 5,505 72.3
1968 1,702 3,885 5,816 66.8
1969 1,183 3,723 6,263 59.4
1970 . 993 3,817 6,627 57.6
1971 1,311 4,407 7,063 62.4
1972 1,984 5,492 ) 7,804 70.4
]973 31“33 7’62h 8;736 87'
1974 L, 466 10,164 10,147 100.2
1975 4,890 11,697 11,438 102.3
1976 3,875 11,855 12,713 93.3
1977 3,290 12,060 13,718 87.9
1978 3,640 - 12,680 14,740 86.0

Source: R.D. Bollman, "A Comparison of the Money Incomes of
Farmers and Nonfarmers,'" Canadian Journal of Agricultural
Economics, Proceedings of the 1980 Annual Meeting,
Edmonton, Alberta, August 1980, Table 1. p. 51.

* A farm taxfiler .is any individual who reports a positive

unincorporated net self-employment income from farming.

(a) Net Farm Income is defined as the value of agricultural
product sold minus operating expenses and depreciation charges.
It does not include sales of real estate, machinery or equip-
ment; nor are exvenses incurred for nurchasing of farm real
estate, machinery and equipment assigned as an expenditure

in the year of purchase. Only an estimated value of deprecia-
tion on the item is included in the farm net accounts.

(b) Total net income is net farm income plus change in value
of inventory plus nonfarm income such as investment returns.




TABLE 2

AVERAGE- INCOME OF FARMERS AND NONFARMERS USING TAXATION ,DATA
1965-1978 BASED ON REVENUE CANADA TAXATION DEFINITION OF

"FARMER'"*

Year Net Farm Total Net Total Net Total Net Income

| ncome | ncome |ncome of Per Farm as a % of

Per Farm A1l Taxfilers Total Net Income

a of all Taxfilers
__________ D ollars----—-—--‘-" Perc ent

1965 2,659 3,306 L,924 67.1
1966 2,690 3,392 5,218 65.0
1967 2,7kk 3,499 5,505 63.5
1968 2,391 3,244 5,816 55.8
1969 1,914 2,845 6,263 L5 4
1970 1,758 2,799 6,627 42,2
1971 2,159 3,288 7,063 L46.5
1972 3,048 L, 437 7,804 56.8
1973 5,054 6,783 8,736 17.7
1974 6,789 9,385 10,147 92.3
1975 7,568 10,736 11,438 93.9
1976 6,570 10,045 12,713 79.0
1977 6,133 10,036 13,718 73.2
1978 6,505 10,741 14,740 72.9

Source: R.D. Bolliman, "A Comparison of the Money Incomes of
. Farmers and Nonfarmers," Canadian Journal of Agricultural

Economics, Proceedings of the 1980 Annual Meeting,

Edmonton, Alberta, August 1980, Table 1.

* A Revenue Canada Taxation 'farmer" is any individual

whose major source of gross income is from farming.

(a) Net farm income divided by number of recorded farms in

Canada. In census years (every five years) the number of

farms comes from the Census of Agriculture in intercensal
" 'years the number of farms are estimated only.



10
TABLE 3
AVERAGE [INCOME OF FARMERS AND NONFARMERS USING SURVEY OF

CONSUMER FINANCE DATA FOR INDIVIDUALS REPORTING FARM INCOME
AS THE MAJOR SOURCE OF INCOME '

Year Average Net Average Total Average Total (2) as a
Farm |Income Net [ncome Net Income of % of (3)
Per Farm All individuals
(Dollars) (Dollars) (Dollars) %)
m (2) (3)
1965 2,588 3,022 4,551 66.L4
1966#%  ce-em eeeee eeeee ———
1967 3,016 3,561 5,334 66.8
1968%  --==- eeeee eeeee ———
1969 3,600 4,332 6,162 70.3
1970% memee eeeee eeeee ———
1971 3,506 4,291 7,004 ' 61.3
1972 4,220 5,114 7,633 67.0
1873 6,396 7,694 8,410 91.5
1974 8,466 10, 148 9,749 104.1
1975 8,929 10,605 10,865 97.6
1976 9,362 11,327 12,430 91.1
1977 8,466 10,491 12,698 82.6
1978 9,358 11,828 13,871 85.3

Source: R.D. Bollman, "A Comparison of the Money |ncomes of
Farmers and Non-Farmers,'" Canadian Journal of Agricultural

Economics, Proceedings of the 13980 Annual Meeting,
Edmomton, Alberta, August 1980, p. 52, Table 2.

* No survey was conducted in these years.
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TABLE &4
AVERAGE INCOME OF FARM FAMILY UNITS AND AVERAGE INCOME OF

ALL FAMILY UNITS (USING SURVEY OF CONSUMER FINANCE DATA) FOR
FAMILY UNITS REPORTING FARM INCOME AS MAJOR SOURCE OF [INCOME

Year Average Average Average Total (2) as a

Net Farm Total Farm Net Income of percentage
Income Family Income All Families of (3)
Dollars Dollars(a) Dollars %
(1) (2) (3)
1965 2,694 b,134 5,779 71.5
1966% m———— emee- mm——— -———-
1967 3,219 4,663 6,518 - 71.5
1968*%  —eee- emeee emee- -———
1969 3,924 6,199 7,686 80.7
1970%  =m=e= mmeee seewe c———
1971 3,791 6,398 8,845 72.3
1972 L,538 7,145 9,525 75.0
1973 7,058 10,591 10,694 99.0
1974 9,104 13,092 12,437 105.3
1975 9,894 14,973 13,805 108.5
1976 10,455 16,160 16,090 100.4
1977 9,305 15,716 16,764 93.7
1978 10,200 17,555 18,547 94 .6

Source: R.D. Bollman, "A Comparison of the Money |ncomes of
Farmers and Non-Farmers,'" Canadian Journal of Agricultural

Economics, Proceedings of the 1980 Annual Meeting,
Edmonton, Alberta, August 1980, Table 3, p. 53.

* No survey was conducted in these years.

(a) Both farm and nonfarm incomes of all family members
actually involved in the farm business are divided by the
number of farms.
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The variability in farm income is shown in Tables 1, 2, 3
and h; Figure 1 clearly demonstrates this variability both
in terms of the net farm income per farm and the average
farm family income. Such extreme variability is lacking for

the nonfarm family income.

Table 5 showing the aggregate net farm incomes and net
income per farm for Canada and Manitoba, reveals the
variability of net farm income on both the aggregate and per

farm levels.
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Figure 1: FARM INCOME COMPARISON FOR CANADA, 1961-1978

Average Incomes

$20.,000-
AVERAGE
FARM
FAMILY
INCOME
AVERAGE
$15,000- NON-FARM
FAMILY
INCOME
AVERAGE
$10,000 mEcTo:ng
PER FARM
$5,000-
$0 T T T T T T T 1 T T T T
1960 61 62 63 64 196566 67 68 69 1970 71 72 73 741975 76 77 78

Year

Source: Wirick, Reference Paper No. 9, Food Prices Review Board,
1976, and calculated.



Table 5

Total Aggregate and Net Per Farm Income

for Canada and Manitoba

1965-1980

Aggregate Inccme Net Per Farm Inccme

Year Canada Manitoba Canada Manitoba
(million- dollars) | (million dollars)| (dollars) (dollars)

1965 1660 169 3,452 4,145
1966 1916 148 4,509 3,889
1967 1501 154 3,460 3,989
1968 1813 162 4,200 4,305
1969 1701 114 3,923 3,110
1970 . 1408 110 3,314 3,085
1971 1423 152 3,888 4,334
1972 1630 169 5,119 4,824
1973 3168 371 8,795 10,958
1974 3521 319 10,508 9,572
1975 4035 397 12,415 12,173
1976 3259 290 12,150 9,033
1977 2754 300 8,609 9,615
1978 3314 340 9,919 11,258
1979 3610 231 12,465 7,884
1980 3039 53 9,265 1,809

Source: Manitoba Department of Agriculture, Manitoba
Agriculture Yearbook, Queen's Printer, Winnipeg,

1965-1980; Statistics Canada, Net Per Farm Income
The Queen's Printer, Ottawa, Canada, 1965-1980.

14
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STATEMENT OF THE STUDY PROBLEM

The previous section introduced the problem area and
with the aid of some background information indicated both

the importance of the problem and validity of the research.

This section focuses on the specific aspects of the farm

income problem with which this thesis deals.

Despite Federal and Provincial governments programs with the
original intent of improvement of farmers' income, both low
income and variable income concerns persist. Moreover,
western Canadian agriculture dominated by large crop farms,
display higher levelsof farm net income variability than

that displayed by the sector as a whole.

Among the factors contributing to the dual concerns of
lowness and variability of net incomes are input costs, low
rates of return for farmers labour and management, low rate
of return for the use of farmland as a factor of production
and nonoptimal or imbalanced financial management. In this
regard, it is recognized that Iand is the most capital-de-
manding‘factor of production and the most essential. Rates
of return are critical to net income, net cash flow and net
worth positions and capitaf structure (debt structure) are of
pivotal importance for successful farming. New investiga-
tions are required to evaluate the low and variable aspects
of farm income to gain new insights that will ;Ilow for

better understanding in order to develop specific policies
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to adequately treat these concerns. But, investigations of
net income especially in western Canadian agriculture needs
to use an indigenous model representing crop farms within

the total operative environment.

In order to throw new light on the concerns about low and
variable income, information is needed about the behaviour
of a multitude of factors interfacing with farm income.
Prime among these factors are farmland use control arrange-
ment, rates of return for different use control of farmland
and debt structure ratios. Another source of concern deals
with the choice of measures of 'income', 'wealth' or
'welfare' of the farm(er). Normally, income is measured by
the farm net income. Sometimes net cash flow and net worth

are used as measures of income, wealth or welfare.!®

Relevant questions for an investigation of lowness and

variability of farm income are:

1. Do different farmiand use control arrangements have
differential effects on farm income measures?

2. Are their significant differences in the effects of
alternative rates of return on - productive assets
on farm income measures?

3. Do debt-structure relationships exercise quantita-

tively different effects on farm income measures?

% Terms used are classified in Chapter VII.
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L. How do variations in farmland use control arrange-

ment, debt-structure ratios and rates of return
influence income measures and farm financial health?

5. What are the effects on farm income and farm

financial success of combinations of farmland use

control arrangements, debt structure ratio and rate

of return?

Answers to these and similar questions will assist policy
makers, resource allocators and planners to resolve the farm
income problem by assisting to design appropriate action-o-

riented programs for improving farm income.

The specific aspects of the farm income problem with
which this study is concerned are the lowness and variabili-
ty of farm income. Stated more clearly the study concerns
itself with the following statement: An assessment of
eriteria for évaluating farm income could eliminate some of
the concerns expressed about the farm income problem. More
specificly, the study seeks to quantify to what extent
the performance measures of net income, net cash flow and
net worth and the selected factors of rate of return,

debt-structure relationship and farmland use control

arrangement are contributing to the low and variable income

dilemma on crop farms in Manitoba.
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ASSUMPTIONS, HYPQTHESES, OBJECTIVES

Fundamental premises of this study are:

]C

That a significant void exists in the quality and
quantity of knowledge aboﬁt levels and variability of
farm net income available to policy makers to assist
them in designing programs to specificly éddress
these aspects of the farm income problem.

That the current net Iincome measure does not
adeqﬁate]y reflect the economic 'income' (welfare) of
farmers and that the terms 'low income' and 'variable
income' as commonly used may be both anomalous and
misleading.

That existing models of the farm business do not
adequately represent the organization, structure,

management, resource, decisions and socio-economic

" environment with which crop farmers in Manitoba

operate.

Therefore, given the statement of the problem and the

assumptions the following hypotheses are postulated.

1.

Farmiand use control arrangements have different
impacts on the generation of and variability of farm
net income, annual net cash flow and annual net
worth. The control use arrangements requiring the

least initial capital input requirement, in general,
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will not generate greatest net farm income and net cash
flow and least net worth.

Restructuring short-term debt/long-term debt ratio
will have a different effect on net income, net cash
flow and net worth than restructuring of medium-term
debt/long-term debt ratio. A debt structure
relationship based on.a short-term debt/long-term
debt ratio will generate less cash flow and more cash
flow problems than one based on medium-term debt/
long-term debt ratio.

Receipt of a higher rate of return for productive assets
will generate greater amounts of net income, net cash
flow and net worth than receipt of a lower rate of
return.'

Interaction effects éf farmland use control arrange-
ment, debt structure relationship and rate of return
will depend on the level of each factor. |In general,
the less capital-dependent use control arrangement in
combination with short-term debt/long-term debt can
be expected to reduce cash flow problem, reduce net
income prpblem but to adversely affect net worth. In
combination with medium-term debt/long~-term debt, the
less capitai-dependent use control arrangement will
augment cash flow, net income and net worth. In
combination with a higher rate of return, the

less-capital dependent land use method will improve net
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income, ‘net cash flow and net worth. The interaction
of three factors will be complex in its effects on net

income, net cash flow and net worth.

The broad objective of the study, following from the
assumptions and hypotheses is to construct a model capable
of representing the organizational and socio-economic
environment within which crop farms operate and to use it

for analyzing the impacts of farmland use control arrange-
ment alternatives; rates of return for use of productive
assets and debt structure ratios on the selected performance
criteria of net income, net cash flow and net worth. The out-

come will indicate if any new knowledge obtained about levels

and variability of farm income and variable income are

really meaningful.

The specific objectives of the study in light of the

foregoing are:

1. to evaluate the impacts of alternative farmliand use
control arrangements on the attainment and mainte-
nance of high levels of income by Manitoba crop
farms;

2. to investigate how variations in debt structure
relationships influence attainment and variability of
income;

3. to evaluate the effects of alternate rates of return

for productive assets on the farm net income position:
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L, to determine risks of survival and financial failure
under different debt structure relationship, farmland

use control arrangement alternative and rate of

return for farmland use combinations;

5. to evaluate the lowness and variability phenomena.

METHODOLOGICAL OVERVIEW

As previously stated, 1low and variable income aspects of
farm income are the focus of this study. in general, the
lowness aspect refers to the often observed statistics that
farm net income is lower than that of comparable individuals
in the nonfarm sector. The variable aspe;t pertains to the
almost annual wvariations in farm net income. This study
will identify and quantitatively measure the impacts of the
selected performance criteria already mentioned. By so
doing, it will provide new insights into the behaviour of
farm income. The study will test the hypotheses stated

earlier.

The analytical period coincides with the historical
period 1965-85 primarily because the best run of data
available for the representafive farm was for the period
1965-70. The twenty year period was selected as the length
of time for the farmers planning horizon. The study uses

available published and unpublished data during that period.
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By means of trend analysis, including lagged endogenous
variables procedure and autoregressive schemes, missing data

and projected data for 1980-85 were generated.

In order to attain the objectives of the study, a

simulation model representing a crops farm in Manitoba was

constructed. The model was tested and validated.

Although both deterministic and stochastic models are
available only the deterministic one 1is utilized
and reported. The farm model is simulated

for the planning period under assumptions that national
economic behaviour or happenings-during any segment(s) of
the planning period influenced all variables, constants and
other decisions similarly. As such, it does not examine the
historical behaviour of economic indicators nor does it
concern itself with specific business c¢ycle behaviour
influencing any variable(s).. in effect, economic variations
are assumed to be captured by the trend equations and
inflation rates as reflected by the itemized indices used.in

the study.

The statistical experimental design is a factorial of
order L4x2x2. There are therefore, sixteen treatment

combinations and the control; ' Net income, net

cash flow and net worth measurements for each treatmenf
combination and control are examined. Use of the factorial

design permitted the study of effects of a number of
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different factors simultaneously so providing much more data

from which to extract new information.t?

The major purpose of the experimentation was to assist in
attainment of the objectives. The intent was to find the
best and worst performing treatments, to rank the treatments
between and to elaborate why treatments behaved as they did.
The experiments are required to indicate not only whether
they all improved performances, but whether the improvements
were due to one, two or three factors, or to different

combinations of the three factors.

The control was included to represent a treatment in
which the study was not particularly interested but to
reveal by comparison the effectiveness of otﬁer treatments.
The control was represented by the model operating under
conditions in place on the case farm with no manipulation of
options in one instance and with one each of the farmland
control. Results of control runs are directly comparable
with treatments results.

The method of drawing conclusions from results is the
analysis of data in tabular form examining yearly values,
five yearly values and twenty year values, comparing treat-
ment means, and using estimated levels of values to ascertain

performances.

1% Statistical terms are detailed in Chapter Vil,
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Results will be presented, discussed, interpreted, and
summarized in terms of established statistical procedures
bearing in mind limitation in scope of interpreting
factorial experimental results.2?°® That is, in summarizing
results, it was assumed that were it possible to conduct
experiments indefinitely under identical conditions, the
average difference in performance between two treatments or
'cases' would settle to some fixed value which will be
independent of the experiment executed and called the 'true
difference' between the two treatments. Therefore, results
are interpreted as to what can be said about the true

difference between experimental treatments or factors.

Finally, interpretation and practical meaﬁingé of-fe;ults
are discuséed to give a general picture and to indicate what
new information are obt;{ned from the study. Results of
this study, while generally applicable to all crop farms as
specified in the model, are assumed for interpretive
purposes to pertain to crop farms in Manitob; under the
~specific crops, management and resource situations indicated
in the treatments. The model does not pretend to be ideal
but rather represents only the author's percepfion of a
model that is a satisfactory respresentative of ”crop farms

in Manitoba to serve as the experimental unit to achieve the

objectives identified.

2° The terminlology used here is found in most standard
intermediate statistical texts on design and analysis of
statistical experiments. Some more detail will be given
in the Chapter on Analysis of Results.
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ORGANIZATION OF THE REMAINDER OF THE THESIS

The remainder of the thesis 1is organized as follows.
Chapter || reviews the subjeét of farm income including
fundamental causes, means of resolution, problems of
measurements, and programs enacted in Canada to deal with
income concerns. Performance criteria and selected factors
for scrutiny are also discussed as well as a short problem-

related literature review.

Chapter |I!l presents the theoretical and empirical
framework from and within which the study is conducted by
discussion of specific theories and concepts germane to the

research.

Chapter |V deals with the design of the study and focuses
on the research method and technique, data requirements for
testing hypotheses, sources of data, experimental design,

and statistical techniques.

Chapter V examines the significant aspects of the method-
ology and discusses the validation results. The experimental
results are discussed in four parts. Chapter VI discusses the
experimental design and evaluates the base treatments. Chapter
VII examines the results of Scenario 1 comprised of treatments
1-4.

The results and discussions of Scemario 11 - treatments 5-8,
and Scenario III - treatments 9-12 are the subjects of Chapter
VIII. Chapter IX examines the results of Scenario IV and
compares the performance of all treatments. Chapter X summar-
ises the results of the study, draws conclusions and suggests

implications of the result for research and policy.
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CHAPTER II

A REVIEW OF THE FARM INCOME PROBLEM

Throughout the last half-century farm income has been
identified as one central concern of farm sector policy.
Today, in Canada, it preempts allother problems as the major
concern of all paticipants in the industry. With the aid of
documented literature, private discussions with industry
personnel, farmers and other research materials, this
chapter reviews the farm income problem especially with

respect to identified causes of the problem, suggestions for

its resolution, and Canadian programmes designed to deal

with it. The chapter also reviews problems of measurements
regarding criteria of performance, reviews selected critical
factors interfacing on perf&rmance measures and also reviews
a selcted set of. studies. Its purpose is to further
identify the problem, .and the specific aspects to be
investigated in order to keep it in perspective with respect

to the conceptual framework and design of the study.

BASIC CAUSES OF THE FARM INCOME PROBLEM

In order to discuss the problem of farm income . two

assumptions are invoked. These are that:

-28_
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if farm income provides returns on family labour and
investment comparable to non-farm industries there is
no income problem, and
Farm pfograms can and should be proposed to assist in
alleviating an adverse income situation where it

exists.

Basic causes of the farm income problem have been

identified as follows:2!?

I.

While total demand by the general population for all
goods and services has been increasing, the agricul-
ture sector receives less in terms of increases in
demand from rises in real per family income than does
the non-farm producing sector.

Statistics continue to support the fact that wages in
agriculture have increased relatively more than the
average rise in industry.

Increases in output surpass incréases in use of
traditional input both in agricultural and non-agri-
cultural industries which contributed significantly
to a general rise in real income.

The abové, together with the inability of farmers to
adjust rapidly enough to these changes have caused
earnings of farmers and farm family members earning

income from farming to fall behind earnings of

21 T.W. Schultz, op.cit. pp. 141-157.
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individuals with comparable skills earning income
outside of agriculture.

5. Recent escalation in inflation rates, interest rates,

and input costs have accentuated the problem.

A brief discussion »of the rationale for farm income
falling behind and the changes in input factor mix will
throw further gnderstanding on the farm income problem.
Lagging farm incomes are directly related to the demand for

and supply of farm products.

An examination of the ﬁeﬁand for farm products at thé fafm
gate in affluent sdcieties reQeéism thét increasesr in per
family income add minimally to | the demand for farm
products. The income elasticity of demand for farm products
is much less than uﬁity ranging between .15 andd .25, thus
averaging 0.2022 This implies that in growing economies
where relative prices of supplies are constant, total demand
for farm products increases less than does aggregate demand

for all goods and services.

On the supply side, relatively constant relative supply
prices of well-established products prevail. This, in
effect, implies that agriculture produces oniy one commodity
since resou;éés are readily substitutable for each other."
If agriculture, in fact, can be viewed as producing a single

commodity, then current disequilibrium is related to the

2z |bid.
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agriculture sector.?? Additional output of agriculture in
Canada, for example, far exceed the additional inputs of
labour and capital employed. The total value of agr}cultur-
al production in Canada was $15.6 billion in 1980 while
total value of capital employed was $98.7 billion and total

wage costs were $916 million2+

Therefore, increases in real income derive from growth in
the labour force, accumulation of capital, and from
improvements in quality of these inputs making them more

productive.

Slow growth in the demand for farm products and improve-
ments in thg quality of inputs used in farming result in a
disequilibrium in the mix of factor inputs used in agricul-
ture. What obtains is a substitution of capital for labour.
Consequently, the productivity of labour in agriculture is
less than that in other occupation. This 1is not only

because of the substitution effect but also because:

a) quality effects of competence and ability of farmers
as productive agents give rise to an increase in the

effective SUpply of labour, and

23 |bid.

24 Agriculture Canada, An Overview of Canada's Agri-food
System, information Services, Ottawa 1981. pp. 12-16.
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b) changes in the substitution for and quality of labour
have been so rapid that even rapid urban migration

from agriculture has not beeh able to correct them.?25

RESOLUTION OF THE INCOME PROBLEM

It was previously stated that if income generated from
agriculture provided satisfactory returns on family labour
and investment comparable to nonfarm industries there would
be no problem. It was also postulated that farm programs
can and should be developed to treat the symptoms and to

prevent the problem.

An infinite number of proposais have been put forward but
only a small number of ways exist to deal with the problem.
Therefore, proposals are usually wvariations, hybrids or
combinations of the few main procedures. In this section a

brief overview of some of these proposals is discussed.

Open Market Resolution

This proposal suggests that price supports, food export

programs, marketing boards etc. should be abolished. Then,

given the surplus capacity situations prices will decline.
But, income will decline inequitably over producers of
different commodities. In subsequent years the rate of
increase in total farm production will slow and gradual

2% See T.W. Schultz, op.cit.
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improvements in income from the initial low levels will

result.

However, with improvements in technology and surplus
number of farmers, farm income equilibrium will be at a low,
unstable level and unlikely to solve the income probiem.
This proposal will promote more efficient use of farm
resources' and would eliminate the attached costs of
government programs. A major consideration in this proposal
hinges on foreign policy considerations. Fear of inhibiting
foreign policy may mean imposition of export restriction on
Canadian products such as wheat flour and rapeseed ‘which

will have a negative effect on the policy.

Influence Market Demand

Demand for the majority of agricultural products is
inelastic as is aggregate farm production , hence, general
reduction in output will increase income. Increasing market
demand will also increase income. Thus, the strategy under
this proposal is to manipulate the market from the demand
or supply side. The most common versions are presented

below.
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Subsidising Domestic or Foreign Consumption

|f food consumption of low income families is subsidised,
expenditures on food increases. The rise in food expendi-
ture could be greater than the cost of subsidy. It is
possible that increases in production may result from
increased food expenditures in which case the farmer will
lose some of the income benefits. It appears that this
approach will be effective in a depressed economy but less

valuable where nonfarm incomes are high.

Discover New Uses For Farm Products. While this seems an

attractive proposition, records show that technology always
operated to reduce demand for agricultural resources and
products instead of increasing it.

Manipulation of Consumers Tastes and Preferences By
Promotional and Advertising Programmes. Such programs may

increase demand for some products while reducing demand for
others but - they do not resolve the income problem. The
current advertising campaign on Canadian news media with

respect to eggs is a case in point.

Reduction of Marketing Cost. Demand at the farm gate is -

a derived demand depending partly on costs of marketing and
processing services between the farm gate and consumer.
Marketing and processing costs are dominant costs in the
final price. Intuitively, the consumer feels exploited.

Though reduction in these costs will benefit consumers and
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farmers, such reductions are not likely to solve the income

problem; Cost-push inflation will tend to increase costs of

marketing posing serious problems for farmers.

Practicing Multiple Market Price. This proposal holds

demand constant and divides the market into segments with
different prices. If appropriate conditions of demand
elasticity exist 1in the different market segments, total
incoﬁe wiil rise. This practice is exemplified by the
two-price policy for wheat where a high price is charged in
the domestic market because of the highly inelastic demand
and as low a price as possible to clear the remaining wheat

is charged for export.

in order to be successful this strategy requires
administrative distinction between the market segments. It
is most effective when one segment is highly inelastic and
uses a significant part of all production and the other
segment wuses large quantities with minimal sacrifice in

price.

Manipulate Market Supply

The strategy is to restrict the quantity marketed. The
need to impose restraints if redﬁction of farmers production
raise income afises because the individual farmer is a price
taker and is not constrained by the relationship between
total output and price. Therefore, higher prices generate

increased production. The means of dealing with supply
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restriction are inducements through payments or eligibility

for price support and by law. The procedures are:

Input Restriction. The major input in production is

lTand. Restriction consists of substitution of other inputs
for land and acreage diversion to other crops. Acreage
diversion may be through a Soil Bank. This requires a high
degree of participation in order to significantly reduce
production. Moreover, to the extent that a soil bank
program is successful the higher will be the payment per
acre to insure continued high Tlevel participation.
Restriction of 1land causes scarcity of the factor and
additional income will be imputed to land with consequent
increases in land costs for future purchasers. Restriction
of land may in the long run contribute only minimally to

rates of return for family labour and investment.

Similar restrictions on uses of capital and operating
inputs are possible. in the case of labour, restriction
affects prices of farm products and income of farm family.
The latter does not contribute to the soiution of the farm

income problem so long as earnings are low.

Reduction of Input/Qutput Ratio. This implies foregoing

previous technology advances and in allprobability will be

self-defeating.
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Direct Restrictions On Marketing

Direct control of marketings intuitively should be more
effective-than control of input and allows farmers to decide
on relative combinations of resources. However, direct
control is administratively more cumbersome than acreage
allocation. Crops fed to livestock and vyield variability

would be difficult to restrict.

Impose Multiple Prices On Produces. The intent is to

reduce the marginal value of output while leaving the value
of production intact. Producers could be assigned marketing
quota. From historical data producers marketing more than

their allotments are paid less by fee assessments on all
marketings of a commodity and remaining proceeds are returned to

farmers based on their allocations. However, farmers must change

their production else the same total proceeds are shifted
around with no impact on income. Producers income will
increase if low marginal value of production does restrict

quantity marketed in the future.

Changing The Competitive Structure of Agriculture

The free market sale of products in the absence of
government prdgrams could be changed through vertical
integration with industry or by horizontal association of
farm enterprises. Vertical integration wll lead to

oligopolistic price and production decisions. It is
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conceivable that farms could be owned by giant corporations
with income just being part of consolidated profit and loss
and while the problem of farm incomemight not necessarily Ee
solved, it would cease to exist. Oligopoly, instead of pure
competition is a possible market structure. How long this
structure could persist is questionable for all agricultural

products.

lncome Transfer

Through transfer payments the government could supplement
farmers' income. Such income payments operate by the farmer
receiving a payment which is the difference between what the
market determined and a higher set price (Subsidies for
input purchases). Such payments do not interfere with
disposal of products in the market but may have serious
effects on production and input prices. if simple compensa-
tion is to be successful to effect income, the scale of the
program will be enormous.. Production will likely greatly
increase and could be unbalanced. Income payments on set
quantities of production, while foregoing the incentive of
price to expand production, will permit farmers to attain
sounder financial situation should they choose to expand.
Against this should be noted that so long as there are too
many farmers, transfer payments may not have meaningful long

term effect in increasing income.
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Non-Money Income Supplement. This approach requires the

provision of social services such as health centres,
hospital and recreational facilities in rural areas as a

surrogate for income.

CANADIAN PROGRAMS AIMED AT DEALING WITH THE FARM INCOME
PROBLEM
Since World War Two, programs used as instruments to
maintain current gonfarm incomes were based on resource use
efficiency, and the competitive market system and public
intervention. These were called Modified Market System and

Managed Market System, respectively.2¢

Programs Under the Modified Markets System

The Agricultural Prices Support Act of 1944 was designed
"...for the support of prices of agricultural products

during the transition from war to peace.!'2”

Moreover, the Price Supﬁort Board in prescribing prices
was required to ensure adequate and stable returns for
agricultufe and to maintain as secure as possible a fair
relationship between the returns from agriculture and those

from other occupations. It was clear that level and

26 C. Gibson, op.cit. p. 7.

7 G.E. Britnell and V.C. Fowke, Canadian Agriculture in War
and Peace, 1935-50. Food Research Institute. Stanford
University Press, 1962. p. 86. '
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stability of income were prime concerns.?® The operational

strategies of the Board were:

a) to purchase product at low prices and dispose or sell
when market prices were high, and

b) to make direct payments to producers (deficiency
payments) where the amount of payment was the
difference between the prevailing price and a

designated support price.

in 1958, the federal Government incorporated the
Agricultural Stabilization Act which included the price
support concept of the Agricultural Prices Support Act of
1944, and gave the additional responsibility of price
stabilization to a Price Support Board. This Act emphasized
the belief that price support and stabilization will
automatically resolve the income problem.?? |t should be
noted that the objectives of programs under both the
Modified Market System and Managed Market System were those
of stable and adequate levels of income but the hean§ of

achievement differed.

Under the modified market system the mechanisms of direct

price support and deficiency prices operated.

28 Gilson, op.cit.

2 R.W. Crown and E.0. Heady, Policy Integration in Canadian
Agriculture. The lowa University Press, Ames, lowa 1972.
p. 17.
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Direct Price Support. A single set of prices is used to

pay farmers and to distribute the products to the consumers.
The designated level of support is obtained by government
purchaées of products in the market place. When prices rise
above the designated support price, government may resell or
dispose in export markets. The cost of this system
(transfer of income to farmer) comes from higher prices paid
by consumers. If the government loses money in the
transaction the general taxpayer contributes also.
Experience has shown that substantial losses are incurred by
government from purchase and storage of surplus product and

consequently production and marketing restrictions ensue.

Deficiency Price Payments. Here two sets of prices are

operative, the competitive market price for the consumer and
the designated price for the farmer. !f the designated
price support level is set too high giving rise to increases
in government payments to farmers, the government is forced
to limit payments to farmers or enact quotas or other

production control.

Programs Under The Managed.Market System

Programs in this category involved some form of central
marketing control. Marketing boards were entrusted to
market  the product(s) in an orderly fashion in order to
stabilize and maintain incomes. Their means of action

include product control - import quota, supply management,
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and administered pricing. Under this system farmers
surrender some decision - making independeﬁce for higher
incomes. The cost (transfer of income to the farmer) comes
from the consumer. Eventually import quotas must be
implemented to insuré success of this approach. Supply
control also requires almost total farmer paticipation to

guarantee success.

A major body in Canada's marketing policy is the Canadian
Wheat Board, which acts as‘a compulsory marketing Board -
administering delivery and acreage quotas, is the sole
purchaser and seller of wheat, oats and barley, sets
administered (pooled) prices, administers subsidies and
advances. In 1970, the Board administered the Canada Lower
Inventories for Tomorrow (LIFT) Program enacted in order to
withdraw acreage from production to reduce wheat surplus at

the time.

The Agricultural Rehabilitation and Development Act
(ARDA) , passed in 1962 (later renamed Agricultural and Rural
Development Act in 1966) and Fund For Regional Economic
Development (FRED) were designed to increase income jevels
on smaller family farms by providing economic incentives for

farm consolidation and upgrading efficient land management.

The Western Grain Stabilization Program effected in 1976
was based on joint participation of grain producers and the

federal government. |t was designed to stabilize incomes of
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western grain farmers by protecting them against sharp drops

in cash flow.3?° °

Other programs include the National Farm Product
Marketing Act of 1972 and the Two-Price Wheat Program of
1972 and its revisions of 1973 and 1978. The latter, in
essence, provides a floor price for wheat used in domestic
productioh of bread and bakery products. A1l fhe above
programs do not appear to have been successful in stabiliz-

ing income.3?

CRITERIA OF AND MEASURING FARM [INCOME

Performance criteria in farming are classified as
liquidity, solvency, profitabi]ity.and financial efficiency
and activity.3? Liquidity is concerned with the farm's
ability to meet financial commitments when they arise.
Solvency is concerned with the farm's ability to meet its
long-run indebtedness. Profitability reflects the margins
between total revenue and total costs. Efficiency measures

the income generated per dollar of farm asset.

39 Western Grain Stabilization Administration, Western Grain
Stabilization Handbook, Winnipeg, 1979. p. 1.

31 {oyns, op.cit. p. 77.

32 lee et al. op.cit.
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The liquidity performance criteria is represented by cash
flow showing in effect the repayment ability of the farm
business. Solvency is reflected by the net worth (equity
capital), and profitability by the net farm income. Any of
the above three criteria, net farm income, net worth and net

cash flow are capable of reflecting farm income.33

DEFINITIONS AND MEASUREMENT OF FARM INCOME

(Net) Farm |ncome

Various types of income are involved when reference is made

about farm income. Major types are:?+*

a) Realized cash income from sale of farm products and
farm related proceeds as from custom hiring and
government supplementary payments.

b) Income-in-kind resulting from the value of goods and
services used at home and rental value of farm
buildings.

¢) Unrealized income represented by changes in inventory.

d) Unrealized capital gains resulting from annual
appreciation of land,buildings and machinery.

e) Income from nonfarm sources. Much discussion
surrounds the inclusion or exclusion of the various

types in arriving at a measure of farm income.

33 J.P. Penson and D.J. Lins, Agricultural Finance, Prentice
Hall, Inc., Englewood Cliffs, N.J. 1980. P. 23.

3¢+ |bid.
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Inclusion of rental value of farm buildings is not
normally included as a source of income since the
farmer need not declare it for tax purposes, yet it is

included in the gross farm income measure.

Unrealized capital gains are not wusually included as
income, for while assets increase in value because of it, no
income is forthcoming until the asset is sold. But,
appreciation of asset increases the borrowing capécity of
the farmer which is an infuential factor in the generated

levels of income.

Consideration of capital gains on land and buildings is
important as it represents a significant part of accumulated
wealth and, indeed may be equivafent to farm i'ncomé.35
Farmers as owners of resources on which capital gains are
accruing see their borrowing power and long term income
rise. There is thus a case for including capital gains in

measuring farm income and wealth.

Nonfarm income is treated differently by different authors.
The inclusion of nonfarm income as a source of income apparently
depends on whether the income measured is for the farm as an
entity or for the farm family. Contributions of part-time
farmers income to farm income is a very'important factor and

yet it is excluded from traditional net farm income measure.

3% D.F. Kraft, "Comments On 1977 Outlook For Férm Income!''.
Mimeographed paper, Department of Agricultural Economics,
University of Manitoba, December, 1977.
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It is difficult to understand this neglect in terms of wel-
fare considerations which are the implications of comparative
studies and a major consideration in all programs and policies
enacted to deal with low and variable income concerns. A larger
number of part-time farmers obtain security by off-farm income
and the numbers continue to increase, forming a major proportion
of the sector's producers.36

There are essentially three net income measures relevant to
the farm business; net cash income, net operating income and net
farm income. Net cash income is obtained by deducting farm cash
expenses, excluding purchases and sales of capital assets, from
cash receipts during a specific period of time. This value is
sometimes used as an indicator of the annual net cash flow.37
The difference between gross income and operating expenses is
referred to as net operating income.

Net operating income differs from net cash income in the
sense that the latter includes all cash receipts and all cash .
expenses during the referred period addressed by the income
account, whereas net operating income addresses the difference
between gross income and operating expenses.38

Net farm income is the residual between net operating income
and fixed costs. It represents the income accruing to labour of
the operator and his family, management and equity capital. Net
farm income is the most useful, and more accurately represents
the true return of the farm for the period under scrutiny.. More
importantly, net farm income reflects the amount of revenue
retained that is availble for family living expenses, income

taxes, savings and to meet principal payments on debt .37 Fixed

3¢ GL.A. Ball, ""The Changing Structure of Agricultural

Production in Canada: An Eastern Perspective! in E.W.
Tyrchniewicz (ed). Financing Agricultural in The Next

Decade. Proceedings of the 1981 CAES workshop held at
The University of Manitoba, Winnipeg, June 24 and 25,
1981. pp. 19-20.

37 Lee, op.cit. p. 155
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costs refer to those costs incurred regardless of production.
They include interest on borrowed capital, property taxes,
depreciation charges and farm insurance.

Statistics Canada indicator of farm income is net farm
income derived by summing total cash receipts, income-in-
kind, and value of changes in inventory, and deducting
estimates of total operating costs and depreciation
charges.?® |t is, as previously indicated, a residual
measure of returns to the farmer and farm family capital,
labour and management. This definition is only useful in
addressing the farm as a unit but not the iﬁcome of the farm
operator. A difficulty arising is how can one translate an
income measure related to an inanimate entity to one related
to the farmer in discussing the farm problem? Programs
designed to resolve the farm income problem are related to
the farmers income, the farmers' welfare and wealth by
comparison with their counterparts in other sectors of the

economy .

It is obvious that net per farmer income is better suijted
for purﬁoses of income comparisons and for designing
appropfiate programs to deal with farm income. In this
case, all incomes accruing to the farmer are germane.
Included are farm family income including that part retained

by the farmer, paid family 1labour, and all nonfarm income

38 Statistics Canada. Farm Net income. Cat. No. 13-201.
Queen's Printer Ottawa. 1980. -
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including non-farm investments. These data, while avail-

able, are not officially published and rarely used.

Other problems of measurements are related to the fact
that when data are converted to average net income per farm,
they are based on farm numbers which are only estimates in
non-census years. Also, regional ad product characteristics
of farm income are hidden. L6yns°’ observed that during
1970-78, variations in farm income originated mainly in
grains and oilseeds, and that since 1970 only the Prairies
have not shown real growth in income. Moreover, the
Prairies displayed the greatest variation in farm income

because of its dependence on grains and oilseeds.

Farmer's Net Worth

The net worth is a residual méasure defined as fotal
assets less total liabilities. It is sometimes wused as a
measure of farm income when wealth and welfare considera-
tions are implied. Land appreciation then automatically
enter the measurement. Competitive pressures to increase
size of their operations compelled some farmers to 'force
save' during their career. In essence, these farmers,
forego current consumption for current saving to invest in
their farm. This forced saving and inflation of land prices

caused some farmers to accumulate large amounts of. ngt worth

3% Loyns, op.cit. pp. 68-70.
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relative to their 1low annual net income. Younger farmers
tend to disregard foregoing consumption for savings and
instead consume more, utilize larger amounts of credits and
take more risk in order to gain ownership of their farms.
Farmers net worth may be a bona fide measure criterion of
farm income.*® In considering net worth it is important to
specify whether the value 1is on a cost basis or current
value as the latter will be significantly greater than the

former.

Changes in net worth during a year can arise because of
gifts, retained earnings, and capital gains and losses. The
act of borrowing does not reduce net worth nor do repayment
of loans increases net worth.*! Net worth shows the owner's
claims of the farm assets. Net worth changes between years
when expressed as a percentage of net worth at the beginning
of a given year measures the rate of growth of the farm.
Net worth serves as an indicator of the farm business
financial status as of a certain déte, whereas net income
and net cash flow are more like moving pictures éhowing

happenings over time.*?

4° G, Ball, op.cit. p. 19.
41 Penson and Lins, op.cit. pp. 20-21.

2 {ee et al. op.cit. pp. 138-139.
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Net Cash Flow

This term is a business measure o\r‘sumary of all financial
activities undertaken in the business during a specified pericd. it
includes all cash .inflows related to the farm and alf cash
outflows incurred for operating expenses, capital expendi-
tures, income taxes and other finances. Net cash flow is
the stream of cash that the farmer can withdraw or reinvest
in the farm operation. Cash flow differs from profits or
income, and changes in income can occur without any

corresponding changes in cash flow.4?

A complete cash flow statement includes nonfarm incomes
and living expenses and presents a thorough accounting of
debt transactions by showing amounts of principal payments
and proceeds of new loans while income shows only interest
payments. Income contains changes in inventory while cash
flow contains sales and purchases as they occur with ho

adjustments for inventory changes.**

Financing terms can influence profitability of _invest-
ments and modify patterns of cash flow. Depreciation is not
included as a part of cash flow. It has been shown that a
high net farm income may still cause slowness in meeting
financial accounts, and that whereas examination of net

income will not clarify the situation, cash flow analysis

43 Barry, et al. p. 268.

44 Lee, et al. p. 168.
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will resolve the issue.*®

Cash flow iscritical for planning based on past perform-
ance and serves as an evaluator of loan needs and repayment
capacity of the farm busingss. Net farm income does not
always provide a good picture of the farm's debt servicing

capacity.**

It should be observed that annual cash flows neglect
seasonal variations so that a farm business c¢an show a
positive net cash flow for an entire year, but at certain
times during the vyear uses are greater than sources and
short term credit and cash reserves are used to smooth out

fluctuations.*’?

The Western Grain Stabilization Administration observes
that ""net cash flow from the sale of grain in any calendar
year will reflect what is happening to producers incomes'' . 4?2
Thus, although the three criteria of performance, net farm
income, net worth and net cash flow provide information on
different financial dimensions of the farm business, they

are interrelated concepts and all capable of providing

+s |bid. p. 168.

‘¢ |bid. p. 169.

47 {bid. p. 172.

% Western Grain Stabilization Administration, Western Grain
Stabilization Handbook. Western Grain Stabilization

Administration, 935-303 Main Street, Winnipeg, March,
1979. p. 3.




52

measures of performance of the farm business.*’

SELECTED CRITICAL FACTORS INFUENCING PERFORMANCE MEASURES

Very many factors influence farm income and others to
varying degree affect the levels of net farm income, net
worth and net cash f]oQ, the three criteria of performance
discussed earlier. A list of these factors will include
prices of commodity, yYyields and acreage of crops, weather
uncertainty and the world econﬁmic situation. This study is
only concerned with capital and credit, land tenure
a;rangement and rate of return for land under different
tenure arrangement as factors deemed to be most basic in
understanding the behaviour of the criteria variables. This
section will briefly discuss these factors as they relate to

the farm business.

Capital and Credit

The increasing importance of capital as a factor of
- production in agriculture and on the levels of income, net
worth and net cash flow cannot be overemphasized. It is the
result of high infilation and Iinterest rates, partly due to
marketing boards and government programs, and partly to a
new willingness by farmers to assume risk and to specu-

late.%® Canadian farmers are rapidly substituting capital

49 Lee et al. p. 181.
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for labour. The major capital items in agriculture are real
estate, machinery and livestock. in 1971, total value of
farm capital was $24.0 biilion, and was 137 percent higher
in 1976 with a value of $57.1 billion. The value in 1981
was $115.5 billion wfth a projection for 1986 of $235
billion.3* Higher prices and structural changes such as
larger-sized farms and technology are contfibutorsv to this
higher wvalue. As producers increase their farm income
objectives, economics of scale demand fewer and larger

farms. Increased production is accompanied by increased

capital instead of (increased labour. Future levels of
income will be influenced by the use, availability and

investment of capital in agriculture.3? Total average value

of capital on grain farms in Canada was $480,000.%3

In the area of finance, increasing price inflation, use
of purchased inputs and capital, and higher levels of
indebtedness have increased finance requirements from $4.9
bitlion in 1971 to $21.8 billion in.1981. Approximately 50
percent of vyearly agricultural cash needs derive from

credit.s*

5¢ G, Balil, op.cit. p. 7.
51 Jones and Perkins, op.cit. p.mgd.
52 |bid. p. 53.

53 |bid. p. 57.

54 Agriculture Canada Canada's Agri-Food System - _An
‘Qverview. Information Services, Agriculture Canada,

Ottawa. 1981. p. 18.
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Credit serves as a source of funds to acquire assets and

as credit in‘ reserve that is, unused credit or credit
reserves are usually derived from. land appreciation and
potential borrowing capacity. About $9.8 billién of farm
credit was extended in 1979 and a total outstanding
indebtedness of $15.1 billion.5% Although a variety of
sources are available, the Farm Credit Corporation is the
major source oflong term loans which have increased rapidly
due to rising prices and increasing interest rates with

borrowers demanding longer repayment periods.®¢

Credit is a major means of acquiring resource, serving as
a building block when used wisely, but very destructive when
uncontrolied.®’ Moreover, the combination of decreasing

sales, inflation and interest rates causes severe financial

(capital and credit) problems for farmers resulting in

decreasing income and loss of income and bankruptcies. 1In

1981, there were 222 farm bankruptcies.58

It is quite clear that large amounts of capital and
credit are required for viable farming operations. Greater
emphasis needs to be placed on credit management if

successful use of credit is to be achieved. Farmers must

55 [bid.
56 {bid.
37 G. Ball, op.cit. p. 22.

58 M, Doyle, ‘'‘Farmer gets More Help But The Trend is
Ominous'. Financial Post Toronto, May 30, 1981.
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ensure that repayment schedules are adjusted to the debt
servicing capacity of the farm. Normally, this is achieved
by limiting the total farm indebtednss and by maintaining a
proper balance between short-term, medium-term and long-term
indebtedness in the farm business.®® That is, careful

attention needs to be placed on debt structure.

A farmer may carry more short term debt than his farm
finances permit on the optimistic prognostication that price
and productivity will be high. The lender requiring payment
as early as possible caﬁses unrealistic short repayment
terms for medium term and long term assets such as machinery
and land which were acquired with short term funds. This
imbalance will have adverse effects on net income, net cash
flow and net worth. The debt structure relationship, thus
affect the debt servicing capacity of the business and have

significant impacts on the performance criteria.

The successful farmer should operate under the principle
that credit used to acquire assets should be repayable on
the basis of type of assets acquired. Credit for short-term
uses should be repayable on a short-term basis, that for
. medium-term asset acquisition shouid be repayable on a
medium-term basis and credit used to acquire long-term

assets should be repayable on a long-term basis.*®

5% Lee, et al. op.cit. p. 1891,

‘¢ |bid.
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Using short-term credit to acquire medium—term or long-
term assets will result in difficulties as the farmer tries
Eo generate cash flow from their use since those assets are
normally acquired on the assumption that they generate a
future stream of income. Therefore, the result of the above
situation will be severe 1liquidity and repayment problems

culminating in declining income and farm failure.

Improper use of too much short-term debt necessitates the
transfer of short-term assets to medium-term assets and to
long-term assets without restructuring the liability side of
the balance sheet. This situation 1is common during
expansibn phases of farming and may only be detected by the
short-term lender checking the farmer's cash flow to

ascertain the farmer's ability to repay.*?

Farmliand Use Control Arrangement

Successful agricultural production will demand that the
farmer acquire control of the use of these resources in

sufficient quantities to ensure efficient crop production.

In the past, primary entry into farming was by the
worker -tenant-tenant/owner-owner route. But this method of
entry is rapidly disappearing due to the large capital
requirements needed to genefate a Qiab]e owner-operated

business. The average value of production asset per farm in

¢1 Penson and Lins, op.cit. p. 191,
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the United States of America has grown from about $40,000 in
1960 to about 5250,000 in 1970. The average value of
production asset per census farm in Canada was $200,000 in
1976. In 1981, this value averaged $518,000, from a minimum
average of $284,000 in Quebec to a high of $806,000 in
British Columbia.¢? Such a situation poses tremendous
problems for 'potential entrants to farming. One of the
hypotheses of this stuay is that the resolution of the farm
income problem will be affected by how completely and
rapidly a shift from resource ownership per se to the
acquisition of control of use of resources take place. This

section looks at alternate methods of control of the use of

lTand.
The Problem of Land. Land is the most important
agricultural resource. Certain of its properties such as

practically infinite life, immobility and relative fixity in
supply convey a high degree of uniqueness to land. While
its supply is strictly limited and inflexible, 1land is the
objecf of competing and growing demands except in areas
where agricultural activities may be declining. The demand
from agricultural sources is growing because of the
continuous increased need for land in the process of

structural change which agriculture is undergoing.

2 Farm Credit Corporation. Preliminary Analysis of Farm
Credit Corporation Survey of Canadian Farmers, presented
at Canadian Bankers ~“Association Agricultural Credit
Conference, London, Ontario, October 25-28, 1981.
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The marginal value of extra land for a farmer wishing to
expand may be considerable and may justify a high price. At
the same time such a price level may be out of reach for a
farmer wishing to purchase a whole farm.¢3 Additionally,
external influences such as urbanization, industrialization,
recreation and nature protection exert growing pressures on
land price causing the market price of land to diverge from

its value in agricultural production.

The suppiy of land is broadly fixed. Therefore, its
value is determined primarily by the demand for it. In
economic analysis it is assumed that in the long run the
price of land will tend to correspond to the capitalized net

value of the annual return that can be obtained from it in

agricultural use. This assdmption implies that external
influences are insignificant. However, in reality land
price will be influenced by the following:

i) physical characteristics such as soil and climate,

ii) technical factors determining yield, and
iii) economic factors influencing the profitability of
farming and profitabi]ity of the type of product

that can be produced.

The greatest financial problems for farmers arise in
connection with land purchase. Farmers are therefore, under

tremendous pressures to evaluate alternate ways of control-

¢3 QECD, op.cit., pp. 10-11.
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ling the use of land.

Methods of Acquiring Control of Land. An increase in the

farmland acreage under the control of a farm operator is

essential for the expansion of production under almost all

types of farming. Economics demand that farmers expand

their size of operation in order to grow and remain viable.

The traditional means by which farmers acquire resources

revolved around the individual's ability to save, on his
retained earnings, on gifts and inheritances received, and
on the pooling of equity capital among individuals. Today,
a high equity base is required by lenders so that acquisi-
tion through the individual's saving or retained earnings
are almost impossible. The length of time that it will take
a farmer to have -enough equity saved, or retained as
earnings is simply too long. inflation and technological
change <continue to drive up‘ the capital required and so

escalate the problem. The pooling of equity,when possible,

has the advantage of economies of scale and distribution of
risks. Partnership arrangements and the formation of

corporations are the more common ways of pooling equity.

Alternatives to Control use of Land. The use of land

resource may be controlled in the following alternative

ways:

1. Leasing
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2. Contracting
3. Purchasing

L, Merging

The method of control will vary among individuals and for an
individual will be affected by his age and the stage in the
life cycle of the operation. The value of any alternative
to the operator will depend on the level of indebtedness of
the farm and the farm operating nature. Ultimately, the
choice of alternative is influenced by the following

factors.¢+

i) the market price of land,
ii) the terms of borrowing,

iii) the terms of leasing,

iv) the operator's opportunity cost of capital,
v) the operator's blanning horizon,
vi) the income productivity of land, inc]uding the

-expected appreciation in-land values,
vii) the future tax policies,
viii) merger alternatives and constraints, and

ix) the value of the land to the operator.

¢4 P.J. Barry, J.A., Hopkin and C.B. Baker, Ffinancial
Management in Agriculture, The Interstate Printers and
Publishers, Inc., Darville, Illinois, 1979, pp. 320-321.
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Leasing. The formal legal document drawn up when land is

to be controlled by leasing is the lease. The lease is a
capital transfer agreem;nt giving the lessee control over
assets owned by the lessor for a §pecific period of time,
for an agreed payment called rent.*®%. Leasing is a common
means of controlling additional land. Nearly half pf all
farming operation in the United States rely on renting to

control the land base.¢¢

‘Table 6 shows the change in percentage of farms and
farmland operated by farmers in Manitoba. The percentage of
all farms in Manitoba that have been fully and partly rented

has remaingd relatively constant since 1951 at about 40
percent until 1976. Since 1976, there has been an increase

of 5 percent to 198l. By contrast, the percentage of farmland
operated by full tenants and part tenants has increased from

about 38.2 percent in 1951 to 65.0 percent in 1981.

The major types of Ilease are the share lease and cash
leasg. The crop share lease is the most commonly used form
of rental arrangement. Usually, the landlord provides the
land and pays expenses related to the 1land such as taxes
while the tenant provides the other inputs. The arrangement
may include a sharing between the landlord and tenant of

variable costs such as seeds, fertilizer and chemicals. The

¢s W.F. Lee, M.D. Boehlje, A.G. Nelson and W.G. Murray,
Agricultural Finance, lowa State University Press, Ames,
1980, p. 90.

$¢ |bid.
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TABLE 6

PERCENTAGE OF FARM AND FARMLAND OPERATED BY TENANTS,
PART-OWNERS AND OWNERS FOR MANITOBA - 1951-1981

Year Percentage of Farms Percentage of Farmlands

Operated By Operated By
Full Part Owner Tenant Full Part Owner Tenant
Owner Part Tenant Owner Part Tenant
1951 59.5 28.2 10.1 59.4 28.2 10.1
1956 56.5 32.2 9.0 - 56.4 32.2 9.0
1961 50.6 38.6 7.5 50.6 38.7 7.5
1966  65.8  27.9 5.9 50.2 1.8 4.9
1971 61.8 32.0 6.3 L6.6 4L8.6 4L.8
1981 54.6 37.7 7.8 35.0 57.4 7.6

Source: Calculated from Yearbook of Manitoba Agriculture,
1952-1982.
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crops produced are shared on the agreed basis. In the case
of the cash lease, the landlord provides the land and pays
the land-related charges but does not participate in the
crops produced. The tenant pays the agreed cash rent to the

landlord as agreed.

Two modifications of the cash and share rents are
available. The standing rent combines cash and share rents.
It provides for a rental payment as a fixed measure of
product in place of cash rent. The flexible rent provides

‘for a basic rental either in the form of product or as cash.

The rental is adjustable as prices and yields vary.

Leasing affords the tenant an opportunity to operate a
larger and more efficient operation with a minimum of
initial capital outlay and to add land by outright purchase
as the farm succeeds. With lower annual cash flow, renters
are able to use limited capital more effectively in
combination with adequate machinery. Under the share lease
arrangement, the tenant may benefit due to a reduction in
his risk-bearing and from management assistance from the
landlord. On the other hand, the tenant faceﬁ uncertainty
of tenure, and possible inadequate accomodation for his
family. Economically, rental arrangements may not contrib-
ute to the efficient combination of resources. In addition,
while gains in land appreciation are brought about mainly by
the tenant's resources, enly the landiord reaps the

benefits.
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But, disadvantages arising from leasing may be overcome

“if both tenant and landlord sign a formal lease agreehent
where each participant receives an income in proportion.to

each person's contribution.®?

Leasing and Economic Efficiency. The kind of lease and

the conditions of the lease may affect the risks, resource
allocation, financial growth and income distribution of the
lahdlord and tenant. If the lease is based on a fixed fee,
" the farm developed may be of an optihum size smaller than
that under a share lease because of the tenant's profit-max-

imizing behaviour.¢s

The tenant equates the marginal cost of the additional
land to the constant cash rent in the case of the cash-rent
lease. Under the share lease, the marginal cost is equated
to the landiord's share. If economies of scale result and
diminishing returns to scale occurs, the marginal cost will
decrease. Under the cash lease, the tenant accepts all
risks whereas with the share lease, all risks are shared
between the tenant and the landlord. Maximum economic
efficiency obtains with the share 1lease when both the
landlord and tenant share the benefits of production in

proportion to their contribution to the business and when

&7 Lee, et. al, op.cit., pp. 92-93.

¢ E.0.. Heady, Economics of Agricultural Production and
Resource Use, Prentice Hall, Inc., Engelwood Cliffs, New
Jersey, 1952; Barry et. al, op.cit., pp.344-346.
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all variable costs are shared by each in the same proportion

as the output is shared.$?®

The costs of leasing are quite small by comparison with
outright ownership of land. For the cash lease, the direct
cost is the flat rent or cash cost per acre. 1f lease
payments are tax deduc;ible, the relevant costs will be the
after-tax costs. For the share lease, the direct costs are
the landlord's share of the wvariable cost. The indirect
costs of leasing are intangible since they are represented
by the degree of insecurity of the tenure arrangement and
the adverse effect of leasing on the availability of

credit.”?®

Contract Farming. This is another method by which a

farmer may' acquire control of the use of resources.
Vertical coordination refers to the situation where

supbliers, processors or distributors provide resources to
the farming population under a producer contract. When two
-or .more firms are merged together it is referred to as
vertical integration. Open market arrangements exist when
the farm is linked to farm input suppliers and processors or
distribgtors. Contracting gives the farmer direct access to
financing from the contracting firm and indirect access

through lenders. Under this form of arrangement the farm

§° Barry, et. al, op.cit., p. 345.

7% |bid.
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gives up some management control to the contracting

businesses.’?

Purchase. The purchase of land offers the farmer
absolute ownership. The simplest method to control the use
of land is to purchase by cash. But the capital outlay to
purchase land is large thus generally precluding this form
of acquisition. The most commonly used method of acquiring
land is with a downpayment and mortgage loan. The acquisi-
tion of control of land through purchase usually requires
the purchaser to borrow funds. Borrowing is therefore a

means by which the farmer can acquire control of resources.

When the farmer is considering the purchase of 1land he

should have the following information:72

i) the market price,
ii) the value of the land to himself,
iii) his financial constraints, ~that is, his cash,

credit and debt servicing capacity.

Market Price?? The market price of land may be obtained

from a cursory survey of recent prices ocbtained for land of
comparable quality. Another way of arriving at a market

value is by use of the following capitalization formula:?+

71 Lee, et. al., op.cit., pp. 96-98.
2 Barry, et, al. op. cit., pp. 321.

73 |bid.
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A
Vo = ---
i

where Vo the present value of land

A projected income per acre

i discount rate

This formula assumes that the income per acre from the use
of land will be constant over an indefinite period. It is
obvious that no such situation exists in the real worid.
Therefore, the value obtained by this method is adjusted for

any special qualities such as accessibility to markets,

transportation, etc.

Value of Land to the Farmer. The farmer is required to

view the property as an investment project in terms of his
particular circumstance of taxes, projected net income and
financial commitments. The undertaking of a land purchase
decision is difficult, partly because the farmer s
commiting a large amount of money which will not give him
rewards for some time 1in the future. Moreover, if the
farmer's maximum bid price does not meet the seller's
expected price, he may loose the opportunity to acquire this
tract of land, well aware that additional new land may not

be available for sometime in the future.

4 |bid., p. 2Lk,
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The determination of the maximum bid price that the
farmer can pay is an essential step in the decision to
acqui}e control of the use of land by either outright
purchase or rentél-purchase option. Several methods are
available for determining the bid price.”® All methods are
expansion of the commonly used income capitalization method
- mentioned earlier. Considerations~are given explicitly to
such factors as influences of planning horizon, opportunity
cost of capital, interest rates, émortization plan, income

taxes and capital gains.

Capital budgeting principle is used to evaluate the
decision to purchase. If the present value of projected
cash receipts is greater than the present value of cash
outfiow (NPV » 0), the land may be purchased and vice
versa. In effect, the criterion is that if the maximum bid
price is greater than or equal to the asking price of the

land, then the farmer may purchase it.

Debt Servicing Capacity. The determination of the debt
servicing ability of the farmer's operation when the

additional acreage is added is another essential step in the

75 J.8. Plaxico and D.0. Klelke, "The Value of Unrealized
Farmland Capital Gains," American Journal of Agricultural
Economics, Vol. 61, No. 5, 1978, pp. 727-737, D. Harris
and R. Nehring, '"Impact of Farm Size on the Bidding
Potential For Agricultural Land," American Journal of
Agricultural Economics, Vol. 58, 1976. pp. 161-169, W.F.
Lee, "A Capital Budgeting Model for Evaluating Farm Real
Estate Purchases,' Canadian Journal of Agric. Economics,
Vol. 11, No. 3, June, 1976. pp. 1-10, Barry, et. al.
op.cit., pp. 322-323.
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decision to purchase land. The maximum debt which can be

serviced from the farm finances depends on:

i) the amount of retained earnings,

ii) the fixed requirements for consumption, and other
withdrawals from the retained income,

iii) the contractual rate of interest on borrowed money,
and

iv) the amortization schedule.

1f the debt servicing capacity of the operation is greater
than the required debt to purchase the land, the land may be

purchased, and vice versa.’¢

Rates of Return From Farmland (Productive Assets or Capital)

The rate of return on farmland as a fixed factor of
production refers to the rate of return on capital invested
in land. If the returns were as high as returns in other
industries no income problem will exist. It was assumed
that low returns for family labour and capital investment in
commercial agriculture result from high level of aggregate
output and excessive numbers of farmers. Therefore, the
corollary that high rates of return wil help in resolving

the farm income problem follows.

7¢ Barry, et. al. op.cit., pp. 333-336.
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Rate of return belongs to the income to investment ratio
group of ratios indicating the efficiency of capital
employment on the farm. Rate of return on farmland is
defined as the total gross cash income divided by the
average total investment in land. | The higher the rate of
return the higher the net farm income, since net farm income
is calculated by deducting interest paid on farm indebted-
ness from the gross margin. Gross margin is obtained by
deducting farm cash operating expenses and 1landlord share

from gross farm income.

Average rates of return from a one-third share agreement

for Manitoba for 1970 was calculated by Kraft.?® Assuming
that average annual conditions for such variables as yields,
prices, rotations and expenditures held, he found that in
1971, the rental rate of return was 3.04 percent of the
purchase price and rose to between 8.9 percent and 10.8
percentl between 1973-75. The increased levels were
considered as aberrations resulting from more rapid

increases in price of grain than that of land.

Since 1976, rental rates appeared to have returned to
more normal levels ranging from 3.63 percent to 5.12
percent, and averaging L4.26 percent of purchase price.

Rental rates relative to current market prices rose rapidly

78 D.F. Kraft, "Ownership or Leasing of Farmland'" in R.M.A.
Loyns andT.L. Reynolds (eds) Farm Management and
Marketing For Agricultural Lenders. Department of Agric.
Econ. Univ. Man. 1981. pp. 71-92.
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when compared with initial purchase price. Rental rate
increases for the 1970's were great than rates of return on

government bonds with fixed coupon for future periods.’?®

Increases in share rent result directly from price
increases for grain which though displaying yearly variabil-
ity have risen faster than costs of farm operations. Rates
of return for cash renting showed similar patterns to share
rent, the result of increasing cash flows by tenants willing

to pay more rent.®?®

Farmland obtains a relatively low cash returns during the
initial years of ownership but displays a strong potential
for growth when product prices accelerate faster than

operating costs.®%?

Appreciated value of farmland contributes significant]y
to its rate of return. Farmland purchased during the 1960's
increased by an annual value of between 8-10 percent by 1989
while land purchased during the 1970's increaéed by between

11-15 percent by 1979.%2

% |bid p. 71.

8o |pid.
81 |bid.
82 |bid.

83 y.J. Fields and D.F. Kraft. "The Influence of Grain
Freight Rates On The Farmland Market In The Praise
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. Recent studies®?® showed that farmiand markets in the
_Prairies are strongly associated with changes in net cash
returns to land and management. A 10 percent increase in
net cash returns generates a 1 percent increase in land
prices in the following yea?, eventually rising to a 10
percent increase if higher incomes are maintained in

subsequent years.

Nominal rates of return on farmland investments comprise
rental and capital dains (losses). For Manitoba, values in
the 1870's ranged between 15-22 percent per annum.
Purchasing land permits the farmer to capture capital gains.
iIf the land appreciates sufficiently, higher net worth
results. Thus, purchase of farmland is expected to generate
high return in the form of appreciation and result in higher
net worth than renting. During the 1970's, rate of land
appreciation averaged 14.2 percent in Manitoba.®* Lower
interest rates will Jlower cost of ownership and lower rate

of inflation needed to show gains in net worth.

Provinces." The Logistics and Transportation Review,
Vol. 17, No. 1, 1981, pp. 45-32.

84 D.F. Kraft, op.cit. p. 81.
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A SELECTED REVIEW OF PROBLEM-RELATED STUDIES

This section reviews some previdus empirical research
work that are relevant to the conceptualization of the model
and to the direction this research pursues. It does this,

wherever possible by:

i) categorizing the studies on thg basis of the
empirical techniques used,

ii) emphasizing the distinct features of the models,
and/or by pointing out any improvement over earlier
models, and

iii) noting the limitations of the models.

It was emphasized earlier that while the thesis 1is not
intended to study farm growth per se, the growth of the
farm is a necessary process over its planning horizon in
order to generate income, and therefore, to study impacts of

variables and decisions on farm income.

Consequently, the studies reviewed are generally
growth-oriented, and specifically relevant for their
contribution of valuable theoretical and conceptual
knowledge towards the formuiation of the simulation model

used in this research.

The original literature review was undertaken with the
hope of finding a suitable model, which could be directly
‘adaptable to the problem under study. After perusal of the

literature, none was found with all the desirable features.
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MULT!I-PERIOD LINEAR PROGRAMMING MODELS

One of the first mglti-period models was developed by
Swanson.®$ The objective in this study was to maximize the
discounted present value of the net revenue over a planning
period of five years. The size of the activity in each year

established the minimum size for the subsequent year.

Loftsgard and Heady*¢ developed a multi-period model
which was to become the precursor of the later poly-period
models. The objective was similar to that of the Swanson
model . Optimal plans were developed subject to fixed
resources, consumption withdrawal, and cost allowances.
This model improved on the SQanson model by allowing the
transfer of net income to the pool of operating capital

available for the next year.

Both the Swanson model, and the Loftsgard-Heady model
were criticized because of the following limitations: (M-
they did not allow for investment in durable inputs, and
wére, therefore, short run models, (2) they ignored external
sources of capital, (3) they only permitted a fixed amount

of consumption expenditure, (4) they assumed only a specific

8s E.R. Swanson, "Integrating Crop and Livestock Activities
in Farm Management Activity Analysis,'" Journal of Farm
Economics, Vol. 37, No. 5. December, 1955, pp. 1249-1258.

8é | .D. Loftsgard and E.0. Heady, '"Application of Dynamic
Programming Models for Optimum Farm and Home Plans,"
Journal of Farm Economics, Vol. 41, February, 1959, pp.

51-67.
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objective goal, and (5) they neglected taxes, risk and

uncertainty.

Subsequent models attempted to remedy the shortcomings of
the earlier models. One of these was the model developed by
Irwin and Baker.®? They investigated the financing of
alternative annual production activities through the use of
external capital. Even though the model ignored investment
in durable assets, it was an improvement on the earlier
models. |t allowed for the intra-year transfer of finances

and incorporated some details of the capital market.

Later models permitted investment alternatives as an
attempt to portray the 1long-run characteristics of farm
growth. Barr and Plaxico?® developed a model capable of
simultaneous determination of optimum plans for cattle and
range improvement practices. The objective of the model was
to maximize the present value of net income over the
planning period. Capital accumulation and alternative

investments were allowed.

87 G.D. Irwin and C.B. Baker, Effects of Lender Decisions
of Farm Financial Planning. I1linois. Agricultural
Experimental Station Builetin No. 688, November, 1962.

88 A,L. Barr and James Plaxico, 0QOptimum Cattle Systems and
Range Improvement Practices for Northwestern Oklahoma:
Dynamic and Static Analysis. Oklahoma Agricultural
Experimental Station, Miscellaneous Bulletin No. 62,
July, 1961.

8% S.R. Johnson, A Multi-Period Stochastic Model of Firm
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Johnson?®? developed a stochastic poly-period model. The
problem under study was the influence on growth of the firm
of the initial asset position of the farm, the variability
of yields and the consumption patterns. This model was
important because it incorporated risk into the multi-period

analysis framework.

Martin and Plaxico?® constructed a poly-period model to
investigate farm growth and capital accumulation of farms.
Among the distinctive features of this model were: (1) the
incorporation of investment in durable assets, (2) the
inclusion of capital borrowing from external sources, (3)
the inclusion of a consumption function, and (&) the
provision for the operating capital requirements of the
productive activities. The model represented the production
process by one composite production activity. This had the
effect of simplifying the production process.as the growth
of the farm was viewed as a scale relationship. It implied
that all the production activities in the composite plan

grew proportionately.

Growth, gcbnomics of Firm Growth. Great Plains Agricul-
tural Council Publication No. 29, South Dakota Experimen-
tal Station, Bulletin No. 541. June, 1967. pp.83-134.

*0 J,R. Martin and J.S. Plaxico, Polyperiod Analysis of
Growth and Capital Accumulation of Farms in the Rolling
Plains of Oklahoma and Texas, USDA Technical Bulletin
381, September, 1967.

! M.D., Boehlje and T.K. White, '"A Production-investment
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Boehlje and White?? re~introduced activity choice
alternatives into multi-period progfamming framework. While
the model did not incorporate stochastic elements, | it
attempted to incorporate yearly production and investment
over ten time periods. They investigated the impact of
varying the availability of resources and different
optimizing criteria of farm firm growth. The model
permitted the selection of product to produce, technique of
production and investment alternatives. Four submatrices
were included in the model: (1) preduction and annual
inputs, (2) investment to deal with the flow of funds and
the interconversion of financial assets to fixéd facilities,
(3) credit to deal with 1long and intermediate-term borrow-
ing, payment of interest and principal, and (4) division of

income between consumption and investment.

Mitchell®? developed 2 model to analyse net farm income
goal attainment in Crop District Number 10 in Manitoba. The
model allowed the possibility of interaction between
production, financial, withdrawal and transfer activities.
The model did not include stochastic elements, but included
consideration of income tax which had been neglected in some

earlier models.

Decision Model of Farm Firm Growth,'" American Journal of
Agricultural Economics, August, 1969, pp. 546-563.

2 R. Mitchell, "A Multi-period Linear Programming Analysis
of Net Farm Income Goal Attaimment In Manitoba Crop
District Number 10." Unpublished M.Sc¢c. Thesis, Universi-
ty of Manitoba, 1972.
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Pemberton®3 incorporated survey methodology and decision
models into the multiperiod programming framework. The
purpose of this study was to test the hypothesis that high
income farmers were motivated more towards monetary goals
and have higher levels of aspiration than do low income
farmers. The model incorporated a representative pattern of
_goal orientation and levels of aspiration of‘farmers. The
analysis was over a period of twenty years. The results
showed that the economic attainment of the representative
high income farmer was always significantly higher than that

of the low income farmer.

Framingham et al®* developed a linear programming model
of the agricultural industry. The model constraints were
land, extent of output expansion and contraction and
provincial product demand. It was distinct from previous
models by the explicit incorporation of alternate income and
empioyment constraints. The model maximized net farm

income. The results of the study were that:

(i) when production adjustment was allowed on the bases
of economic prices, losses occurred on most of the small and

medium sized farms but that the largest farms normally

%3 Pemberton, op.cit.

s+ C. F. Framingham, L.B.B. Baker and W.J. Craddock, Farm
Income, Employment and Manitoba Agriculture: A Linear
Programming Approach to Consideration of Policy Alterna-
tives. Vol. 1.1 Research Bulletin 78-1, Department of
Agricultural Economics, University of Manitoba, October,

1978.
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earned profits.

(ii) when income constraints were specified, income
obtained by medium sized farms increased as required by the

income constraint.

Ahmad?®’s modified the Framingham model by incorporating
the survival approach to arrive at an efficient size of
farm. The model was used to determine the optimal organiza-
tion of crop production in Manitoba. Optimal organization
implied maximized net income. The result indicated that net
income resulting from optimal organization was 50 percent
higher than the actual netlincome and suggested an adjust-
ment of farms towards optimal size. Mcre recent applica-
tions include the use of multiperiod risk programming to
investigate lenders responses to farm income risks,?¢ the
use of polyperiod programming- to analyze business growth
for young farmers?’ and the use of programming to study long
run income earning ability of traditional dry 1land farming

systems.?’?®

*s B. Ahmad, 'A Model to Determine the Impact of Improved
Agricultural Efficiency in Manitoba," Unpublished Ph.D.
Thesis, University of Manitoba, October, 1978.

*¢ L, Sanint, '"Lenders Risk Response to Farm Income Risks in
Texas: A Multiperiod Risk-Programming Analysis of Credit
Reserves," Unpublished Ph.D. Thesis, Texas A & M
University, 1980.

*?7 J.0. Adedeji, '"Use of Polyperiod Programming Techniques
in Analysing Farm Business Growth For Young Farmers: An
Ex Ante Approach,! Unpublished Ph.B. Thesis, University
of Kentucky, 1977.
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Donald?®® used linear programming to determine the
combinétion of farm enterprises and off;farm employment that
would maximize farm income. The results showed that
relative income levels in the maximum income potential
alternatives for similar size farm differed very little but
tﬁere was large differences in the relative income levels

between small size farms and the larger size farms.

RECURSIVE PROGRAMMING MODELS

Day,*°° Schallar and Dean,!°! and Schaller!®2? were among
the first to apply this technique. These models were
applied to problems that were defined on an area basis.
Therefore, the incluged restrictions were of an aggregate
regional nature. Flexibility constraints were placed on the
rate of avai]abili;y of new profitable technology, and the

rate of exit of labour from the agricultural sector. Upper

°s E.W. Crawford, A Programming Simulation Study of
Constraints Affecting the Long-Run Income-Earning Ability
of Traditional Oryland Farming Systems in Northern’
Nigeria," Unpublished Ph.D. Thesis, Cornell University,
1980.

*?* S.L. Donald, "An Economic Analysis of Small Farms in
Selected Areas of Louisiana," Unpublished Ph.D. Thesis,
The Louisiana State University and Agricultural and
Mechanical College, Louisiana, 1979.

10¢ D3y, op.cit.

o1 N.W. Schaller and W.G. Dean, Predicting Regional Crop
Production, USDA Technical Bulletin 1329, April, 1965.

102 N.W. Schailer, ""A National Model of Agricultural
Production Response,'" Agricultural Economiés Research,
Vol. XX, No. 2, April, 1966, pp. 33-46.
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and lower bounds were also placed on other exogenous

factors.

Heidhues!®3 constructed a recursive programming model to
study farm adjustments resulting from alternative EEC
policies in northern Germany. The model incorporated the
following features: (1) a detailed treatment of finances,
(2) fixed assets dealing with investment and disinvestments,
(3) trends and time lags in technology, (4) price varia-
tions, and (5) provision for a rising standard of living.
Equations were developed to deal with capital stocks and
capital flows. These assured that: (1) cash flow was
adequate to meet current commitments, (2) fixed obligations,
such as debt, were met, and (3) income was allocated between

withdrawal for consumption and investment.

SIMULATION MODELS

Researchers at Purdue University have been the leaders in
constructing and applying simulators to farm growth

problems.

103 T, Heidhues, A Recursive Programming Model of Farm
Growth in Northern Germany,' Journal of Farm Economics,
Vol. 48 (3), Part 1, August, 1966, pp. 668-684.

1o4 [ M. Eisgruber, Farm Operation Simulator and Farm
Management Decision Exercise, Research Progress Report
162, Purdue University, February, 1965.
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Eisgruber®®* constructed a simulation model of a farm
operation to analyze the effects of annual farm plans and
tand buying decisions on the accumulation of net worth. The
yearly input variables incliuded crop acreage, levels of
fertilization, types and numbers of livestock, and land
purchase decisions. The decisions in the model depended on
the type of land use. Stochastic price and yield values

were incorporated into the model.

Patrick and Eisgruber®®® constructed a simulation model
to study the farm planning process under a multiple goal
situation. This model was developed from Eisgruber's model;
however, the stochastic element was omittea. Many of the
concepts enshrined in the behavioral theory of the firm are

predominant in this model.

The decisions within the model were based on: (m
several family goals, (Z)Ithe farmer's expectations in terms
of yield and prices, and (3) a consumption function
dependent on the size of the family, income level, and the
age of the farm operator. Among the basic input information
were: (1) the interest rate, (2) the initial resource base,
(3) managerial ability, and (4) loan limits. Two worthy
features of this model were: (1) the recognition of the

influence of household and farm goals, farmer's expecta-

105 G,F, Patrick and L.M. Eisgruber, "The impact of
Management Ability and Capital Structure on Growth of
the Farm Firm," American Journal of Agricultural
Economics, Vol. 50, No. 3, August 1968, pp. 491-506.
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tions, resource base and technical expertise on management
ability and the decision making process, and (3) the
recognition of the dynamic aspect of the decision making

process.

Harshbarger!?®¢ re-introduced stochastic variations into
the Patrick model. He added land procurement and machinery
expansion as alternatives in the model. The objective in
that study was to find out what extent of farm growth could
be expected in a risky and dynamic environment, under

alternative management policies.

Lins®®? built a simulation model which stressed financial
strategies. The main difference between this model and
previous ones was that the stochastic mode was used only to
investigate the effects of selected strategies on farm
financial arrangements. A limitation of the study was the
failure to replicate the growth process to get a distribu-

tion of outcomes.

10¢ Harsbarger, op.cit.

17 p,A. Lins, "An Empirical Comparison of Simulation and
Recursive Linear Programming Firm Growth Models,'
Agricultural Economics Research, Vol. 21, January, 1969,
pp. 7-12.°

o8 g, Bostwick, Partitioning Financial Returns: An
Application to the Growth of Farm Firms. USDA, ERS-390,
Washington, D.C., 1969, pp. 662-665.
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Bostwick!®® built a simulation model to study the growth

of a farm producing small grains, forages gnd beef. The
decision rules' incorporated within the model included land
purchase, investment, and credit decisions. The uniqueness

of this model was that it was a non-computerized simulator.

LaDuel!®? designed a model to be used primarily as a
planning mechanism, to simulate the essential physical and
financial characteristics of farm operation. The model may
be used for either a dairy-crop farm, or for a crop farm
with only those crops found on a dairy farm. The distinc-
tive features of this model included: (1)' a systems
approach for management, (2) use of either a fiscal or
calender year, (3) use of monthly time units, and (4) wuser
defined systems which permitted the use of systems not
specified in the model. The coefficients in the model were
of two types: (1) 'those which must be submitted for each
situation to be simulated, and (2) those which were assigned

initial values by the model.

Kraenzlell?® constructed a dynamic and stochastic
simulation model representative of the disinvestment and

retirement stages of a dairy farmer. The objective of this

i0* E.L. LaDue, "A Computerised Farm Business Simulator for
Research and Farm Planning." Unpublished Ph.D. Thesis,
Michigan State University, 1971.

11e C.A. Kraenzle, '"An Economic Evaluation of Decision
Strategies in the Disinvestment and Retirement Stages of
Farming." Unpublished Ph.D. Thesis, University of
Connecticut, 1973.
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study was to ascertain at what age a farmer can disinvest
with enough net worth to support himself and/or his spouse
through the retirement years. The model used time trend
equations to interpolate the values of exogenous variables.
‘The distinctive features of the model included: (1)  two
life expectancy functions, (2) a health function, (3) a
social security function, and (&) an income tax function.
The policy variables included five retirement strategies,

three herd strategies and two disinvestment strategies.

Several other studies dealing with farm management
problems have used simulation models. Generally, they
incorporated varying aspects of those models discussed
earlier; some are modifications and/or extensions of

others.,11?

111 GL.K. Flaskerud, "Firm Growth Simulation As a Farm
Management and Credit Evaluation Device,'" Unpublished
Ph.D. Thesis, Oklahoma State University, July 1970; A.
Strickland, "Combining Simulation and Linear Programming
in Studying Farm Firm Growth,' Unpublished Ph.D. Thesis,
Michigan State University, 1970; V.L. Harrison,
'"Management Strategies and Decision Processes for the
Growth of Farm Firms," Unpublished Ph.D. Thesis, Purdue
University, 1970; D.E. Umberger, 'Factors Affecting Farm
Growth Rates: A Simulation Analysis of Columbia Basin
Irrigated Farms,'" Unpublished Ph.D. Thesis, Washington
State University, 1972; B. Sonntag, "Simulated Near-Op-
timal Growth Paths for Hog-Corn Farms Under Alternative
Resource Price and Efficiency Situation,”" Unpublished
Ph.D. Thesis, Purdue University, 1971; G.D. Swab, "A
‘Computer ized Decision-Making Model for the Beef/Forage
Enterprise,'" Unpublished Ph.D. Thesis, Purdue Universi-
ty, May 1974; A.E. Lines, "A Computerized Model for
Planning the Growth and Organization of Swine Farms,"
Unpublished Ph.D. Thesis, Purdue University, 1973; R.E.
Hatch, "Growth Potential and Survival Capability of
Southern Plains Dryland Farms: A Simulation Analysis
Incorporating Multiple Goal Decision-Making,' Unpub-



86

SUMMARY

The purpose of this chapter was to provide a review of
the nature of the farm.income problem, including programs
and policies designed to assist in resolution of the problem
and prob{ems of measuring income. The chapter identified
alternative measures of performance of the farm business and
presented the factors to be explored. The final section
discussed empirical techniques that have been used in
studying farm income related probiems. Given the problem
and objectives, this chapter highlighted the research area
in order that the conceptual economic statistical and
empirical framework for pursuing the study could be

developed. The latter is the subject of Chapter {11].

lished Ph.D. Thesis, Oklahoma State University, July
1973 M.L. Hardin, "A Simulation Model! for Analyzing
Farm Capital Investment Alternatives,'" Unpublished Ph.D.
Thesis, Oklahoma State University, 1978.



CHAPTER III

THE CONCEPTUAL ECONOMIC AND EMPIRICAL FRAME WORK

~ Several analytical approaches are candidates for pursuing
the objectives of this study. Simulation approach was
chosen as indicated in Chapter 1. This chapter will briefly
present a coqceptual view of épproaching the study, state
alternative approaches to pursuing the problem, discuss
economic, empirical and other concepts relevant to the
study, and.present a discussion on simulation. The intenf
of this chapter is to provide the theoretical and empirical

framework from and within which the étudy will be conducted.

THE AGRICULTURAL FIRM AS AN INTEGRATED SYSTEM

Much of the economic research generated by concerns of
income lowness and instability has been in the area of
comparative statistics. The relative levels of farm income
were compared with those of non-farm income. Empirical
research specially designed to investigate income behaviour
are almost non-existent. At another level, farm firm growth

studies have utilized one or other of net income, net worth

or net cash flow as maximising criteria. The basic .

conceptual strategy used in this study is to view the farm
as the vehicle for studying the 1low and variabie aspects of

farm income. The farm is the unit experimented upon by

-87_
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simulation, factorial and statistical techniques as

explained later in the thesis.

The agricultural firm 1is viewed as an integrated system
comprised of components, entities and variables all working
in unison, and in fact appearing as single unit. More will

be said about this in the next chapter.

In order to develop the conceptual framework for this
investigation, it was necessary to focus attention on the
concept of a firm and the methodologies availablie for
studying problems related to the firm. The conceptualiza-
tion process therefore, embodied both theoretical and
empirical cqnsiderations relevant to understand and describe

the interrelationships involved in the following scenario.

A farm firm was perceived as an entity which was
established, grew, was consolidated, survived, and finally
sold or transferred to a beneficiary. A1l this was set
within precepts of neoclassical economic theory. But,.
profit maximization and certainty of events and knowledge
are two crucial dictates of that theory. In the real world
economic events -oceur in an uncertain environment.
Agriculture s subject to uncertainties of weather,
biologicél phenomena, inflation, yields and interest rates.
The growth of the organization takes place under both static
and dynamic conditions. A proper perception of the farm
dictates that dynamic aspects of growth,A risk, and uncer-

tainty considerations should be explicitly accounted for.
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In order to deal with goals other than profit
maximization, such as leisure and specific consumption
levels, multidimensional utility considerations and
behavioural characteristics are referenced. Capital
investment theory helped in understanding the decisions to
invest through the use of credit.v The use of credit demands
an understanding of financial management and analysis in
order to ensure financial survival. Since the farmer uses
large amounts of credit to finance the acquisition of
control of the wuse of the 1land resource, ~ theoretical
considerations relevant to acquisition of resources are

explained.

This chapter explores some of the theoretical and
empirical concepts that are relevant to the development of

the model. It discusses the following:

i) the firm and firm growth,

ii) the traditional theory of the firm,
iii) dynamic aspects of growth,

iv) uncertainty,

v) the behavioural theory of the firm,
vi) capital investment analysis, and

vii) systems theory.
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FIRM AND FIRM GROWTH

A°firm may be defined as a technical unit which trans-
forms inputs into output with the intention of making a
profit. A common assumption in economic analysis is that

the firm attempts to maximize its total profits.

The growth of the farm is an essential phenomenon in

agriculture. Growth may be defined as the:

increase in size or improvement. in quality as a

result of a process of development, akin to

natural biological processes on which an interact-

ing series of internal changes lead to increases

in size accompanied by changes in the characteris-

tics of the growing object.1?
in this study growth connotes increase in acreage of farm,
increase in net worth and increase in profits. The growth
of the farm, therefore, may be due to the acquisition of new
resources, to the improvement in the quality of current
resources or to the increased value of current resources.

As the farm grows, its profits will change, and this change

will be reflected in the income status of the farm.

112 E,T. Penrose, The Theory of the Growth of the Firm, John
Wiley and Sons, Inc., New York, .1959, p. 1.
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THE TRADITIONAL THEORY OF THE FIRM

The traditional theory of the firm had its origins in the
writing of such classical economists as Ricardo, McCulioch,
Jevons, Menger, Weiser, Bohm-Bawerk, Clarke and Marshall.
Ricardo, whiie studying the distribution of income between
the landliord and tenant, developed the concept of diminish~
ing returns. The introduction of calculus to economic¢s by
Cournot paved the way for the entry of Jevons and Menger as
founders of the marginal theory and the marginalist

school .13

Marshall refined the marginal theory, related it to the
'Representative Firm' and played a significant role in
developing the concept of marginal productivity as an
extension of marginal utility.4 Economists of the
marginalist school were primarily concerned with the market
system énd how it acheived the goal of allocating its scarce
resources among several ends. it was assumed that competi-
tive pressures were necessary and sufficient to compel
firms either to operate at maximum efficiency or to be
forced out of business. A very serious omission on the part
of the cléssical economists was that they neglected the

value of product combinations and ignored the effect of

113§, Oser, The Evaluation of Economic Thought, Harcourt,
Brace and World, Inc., New York, 1973. Chs. 12-24.

11+ |bid.
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managerial ability on the competitiveness of the firm,235

The decision-making arena was broadened by the develop-
ment of theories of monopolistic competition and product
differentiation.**¢ and monopoly, monopsony and price

discrimination.?t?

Marshall's contribution to the theory of the firm was
elaborated upon when it was shown that the supply curve of a
firm depended not only on the output but on alternate types

of technological and pecuniary cost situations.*®

Though this theory has been the centrepiece of economic
thought, controversy still surrounds the basic principles
explaining the behaviour of the firm. It is believed that
there is still concern as to what really constitutes the

theory, what are its shortcomings and how to improve it.t??

115§, Cleland, Linear Programming and the Theory of the
Firm, Macmillan, New York, 1960, pp. 202-207.

116 E.H. Chamberlin, The Theory of Monopolistic Competition,
Cambridge, Massachuesetts, Harvard University Press,

1933, pp. 198-232.

117 Joan Robinson, The Economics of Imperfect Competition,
Macmillan and Co., Ltd, Londen, 1933. pp. 47-82.

118 J. Viner, '"Cost Curves and Supply Curves' in American
Economic Association Readings in Price Theory, eds. G.
Stigler and K. Arrow, Richard D. Irwin, Inc., Chicago,
Homewood, 1l1linois, 1952, pp. 198-232.

119 R M., Cyert and J.G. March, A Behavioural Theory of the
Firm, Prentice-Hall, Inc., Englewood Cliffs, N.J., 1963,
p. 5. '
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The initial theories of the classical economists,
together with subsequent refinements have been generally
accepted, and play a strategic role in the -theory of firm
growth. While the traditional theory has been the basis of
most microinvestigations in agricultural economics, it is
criticized because of its inability to empirically test some
of its fundamental premises. Thus, the traditional theory
does not take full account of the uncertain real-life
decision-making environment of the manager, nor of the
inter-dependent relationships within the firm which operate

to adjust its course of action.

Failure to recognize that the concepts embodied in the
traditional theory are primarily relevant to resource
allocation and price determination are probably the cause of
some of the criticisms levelled at the theory. These
criticisms of the theory of the firm should be understanda-
ble since it was constructed for the purpose of assisting in
thé theoretical investigations of one of the central

problems of economic analysis.!3?®

Only to the ‘extent that the position of the agricultural
firm approaches the assumpﬁions enshrined in the theory,
will it find relevance to the farm operation. If the
farmer's major goal is profit maximization, the goal can be

achieved by applying the necessary and sufficient conditions

129 Penrose, op.cit., p.l1.
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for profit maximization to all his investment and
decision-making. But, because the farmer is confronted by
asset and borrowing capacity constraints and may have other
goals, his plans will have to fulfill the requirements of

constrained profit maximization.

It follows, therefore, that if interest is not in the
above concerns, the traditional theory of the firm cannot
give answers. Other theories of the firm have to be
applied. Further, the traditional theory is a static theory
analyzing a 'time siice', a cross section of the system, and
by so doing eliminating the passage of time in so far as the
problem is éoncerned, but not necessarily completely
ignoring the influence of time. |[f interest is in variables
which change over time such as investment and structural
changes, answers must be found in other theories or in

modification of the traditional theory.

DYNAMIC ASPECTS OF GROWTH

J.R. Hicks!2! considers economic dynamics in terms of
changes in a system. A dynamic model is one where outputs
at different dates are different outputs and inputs at
different dates are different inputs. This approach has
been criticized for including under a dynamic system many

problems which are static in nature. It has been alluded to

21 J,R. Hicks, Value and Capital, Oxford Press, New York,
1939, p. 115.
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as 'statics involving time'. R.F. Harrod*22 thinks of
dynamics as dealing with systems involving? continuous
chénges instead of a once-for-all change. It has been
argued that the essentials of dynamic analysis is that of
the process of change and not whether the system s
stationary or not. The variables at different vintages
should be invoived in an essential way.!2??3 Baumollzf views
economic dyhamics in terms of its predictive ability and
particularly its ability to relate an event to preceding
events. It is the study of economic phenomena in relation

to preceding and succeeding events.

P.A. Samuelson*?5 modifies Ragnar Frisch's idea by
viewing a system as dynamic if its behaviour over time is
determined by functional equations where variables at
different points in time are involved in an essential way.
Christ!2¢ perceives dynamics in terms of a theory which

permits changes or explains changes in the endogenous

122 R,F. Harrod, Towards a Dynamic Economics, Macmillan and
Co. Ltd., London, 1948, p. 15.

123 Ragnar Frisch, "On the Notion of Equilibrium and
Disequilibrium'" Review of Economic Studies, 1935-1936.

124 W,J. Baumol, Economic Dynamics, The Macmillan Company,
New York, 1952, p. 2.

125 pP,A. Samuelson, Foundations of Economic Analysis,
Harvard University Press, Cambridge, Massachuesetts,

1974, p. 314,

126 Car] F. Christ, Econometric Models and Methods, John
Wiley and Sons Inc., New York, London, Sydney, 1968, p.
]69'
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variabies of the system with continuous change, even though
there are no changes in either the economic structure or the

exogenous variables save for time.

The application of dynamic concepts is important to this
study for in dealing with the firm the relationships between
present and past events are important. The occurrences in
the economic environment are important and functional
equations either explicitly or implicitly describe the

functional relationships involved in the farm operation.

GROWTH UNDER UNCERTAINTY

The traditional theory of the firm dées not provide for
the operation of a firm under uncertain situations. Under
this theory the entrepreneur assumes that particular actions
will result in determinate consequences which are objective-
ly certain. But farm managers are aware that their
estimations of future outcomes are not determinate and that
they need .to prepare contingencies for any potential
decision. When no objective estimate can be formed on the
basis Qf_past information the situation is one of uncertain-
ty. The farmer operates in persistently uncertain environ-
ment and uncertainty has to be included as an essential
consideration. Entrepreneural estimations should include
allowances for uncertaiﬁty of outcomes with respect to-

yields, prices, income, marketing, interest rates and
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general increases in price levels. Any analytical model of
farm growth, of necessity, must include provisions for

uncertainty.

Several elaborate theoretical frameworks involving
choices and plans of actions have been developed for
decision-makers confronted by uncertainty. Hickst2?
accommodated uncertainty by assuming that people's expecta-
tions about the future are precise. He recognized " that
these expectations may- not be held with full certainty and
not equate future prices on .par with current prices. To
circumvent this situation it is suggested that alldwances
should be made for risk. Hicks analysis assumes that there

is a perfectly competitive market.

The distinction between risk and uncertainty follows the
exposition of Knight.!23 Risk. refers to phenomena where
empirical evidence from a large number of cases in the past
permits probability calculations for each of the several
outcomes. Risk can be insured against and incorporafed fnto
costs. Uncertainty exists when no objective estimates can
be formed on the basis of past occcurrences. Parameters of
the probability distribution cannot be empirically estab-
lished. Expectations can, therefore, only be made _on the

basis of experience, intuition or guess estimates. The

127 Hicks, op.cit., Parts 3 and 4.

128 F H., Knight, Risk, Uncertainty and Profit, Houghton
Mifflin Co., Boston and New York, 1921, pp. 231-232.
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subjective nature of expectations in an uncertain environ-
ment means that uncertainty cannot be reduced to a cost.
Thus, unlike risk which has negligible effects on the

decison-maker, uncertainty can have devastating effects.

One exposition of wuncertainty is based on the principle
of subtracting a risk premium corresponding to the degree of
uncertainty.before discounting. in order to determine the
amount of money expected with certainty which the manager
equates in value to uncertainty (certainty equivalent), it
is assumed that a probability distribution is subjectively
constructed. The certainty equivalent of the prospect can
be determined by the mean, the dispersion and skewness of

the distribution.*2?

Another framework assumes that the_ present satisfaction
of anticipating future outcome of a decision is the more
relevant consideration than the future outcome (profif or
loss) itself. it further posits that the entrepreneur
concentrates his attention exclusively on one particular
gain and on one particular loss as the ideal representation

of the possibilities of gain and loss respectively.,3°¢

123 ALG. Hart, Anticipation, Uncertainty and Dynamic
Planning, Augustus M. Kelley, Inc., New York, 1951, pp.
51-74, G. Tinter, "The Theory of Choice Under Subjective
Risk and Uncertainty', Econometrica, 1941

and G. Tinter, "The Pure Theory of Production Under
Technological Risk and Uncertainty," Journal of
Political Economy, Vol. L, No. 5, 1942, pp. 6L5-667.

130 G,L.S. Shackle, Expectations in Economics, 'Cambridge
University Press, Cambridge, England, 1949.
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The perception of uncertainty by the farm manager and how
he treats it will play a significant role in the growth and

success of the farm.

BEHAVIOURAL THEORY OF THE FIRM

Simont3! laid the foundation for the behavioural theory
of the firm. It is assumed that not all human behaviour is
rational and therefore do not all strive for profit
maximization or maximum utility. The decision-maker strives
for a ‘'satisfactory' group of solutions for his problems.
When the levels of returns are unsatisfactory the manager
seeks out alternatives and contrives to do so until an

acceptable and 'satisfactory' level is found.

The theory includes the importance of a psychological
hypothesis about the determination of the aspiration level
of individuals. An individual, during the course of time,
accumulates informatfon on how he performs in specific
endeavours, and sets goals for subsequent performances. 1 f
the goals are attained the expectations are high, if not
attained, the expectations are low.!3?2 Behavioural consider-
ations other than profit maximization may affect the goals

of the individual such as the .desire to conform to the

132 H,A. Simon, Models of Man, John Wiley and Sons, Inc.,
New York, 1957, p. 198.

132 J.G. March and H.A. Simon, QOrganisations, John Wiley and
Sons, New York, 1958, pp. 172-183.
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behavioural pattern of one's associates, habit formation and
the desire for security. The behaviour of the household is

important in terms of decision making environment. When

such factors are inserted into a decision making model, the
manager may be ‘'satisficing' instead of profit maximiz-
ing.133

CAPITAL [INVESTMENT ANALYSIS

Capital theory deals with the acquisition and utilization
of durable inputs such as land, plant and equipment. The
theory seeks to determine the most profitable point in time
to acquire such inputs, how long to keep them in use before
replacement, when and how to invest in their maintenance and

repair and so on.3*

Theories of investment are really techniques for choosing
among investment projects. They have been developed because
the traditional theor} of the firm is a static short period
theory. It does not provide ways for choosing investments
which derive benefits over a future period of time. The
theory had to be improved to facilitate investment choices

over time. This section reviews some of the approaches to

133 R, Ferber, "Iimplications of A Behavioural Theory of the

Household for Production Economics," Production
Economics in Agricultural Research, Proceedings of
Conference held at the University of Illinois, A-E-4108,

March 1966.

134 W,J. Baumol, Economic Theory and Operations Analysis,
Prentice Hall, New Jersey, 1965, p. L431. -
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investment analysis.

The Discounted Cash Flow Approach

This approach to capital.investment decisions incorporated
the time value of money, that is, a dollar held today is worth
more than a dollar received sometime in the future since the
present dollar can earn interest so that its value can grow.
This is reflected in the existence of a bond market. If a
farmer invests one dollar in bonds on a given marketing date
at an interest rate of i, he will obtain (1 + i ) dollars on
the second transaction date. One dollar to be paid on the
second transaction date is the market equivalent of (1 + n-1
=-1/(1+i) dollars paid on the first dollar. (1 + D)=L
is the discount rate to be paid on the second trans-
action date. A discount rate can be determined for amounts
to be paid at any future date. The‘ present value or
discounted value (PV) of a sum,(SN) invested at a. specific
interest rate(i) availabie at some specific time, (N years)in
the future is given by PV = SN(I +iYN Present values
al]owvan economically useful comparison of alternate income

and outlay streams.??

135 J M, Henderson and R.E. Quandt, Microeconomic Theory - A
Mathematical Approach, McGraw Hill Co. Ltd. 1971, pp.
292-297.
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Befinitions

" Cash Flow. This term refers to the whole series of
net proceeds and net outlays associated with an invest-
ment. The net outlays are the total outflows of funds,
whether éwned or borrowed, required for the investment

and which usually occurs at the beginning of the project.

The net proceeds are the net cash return and -usually

occur in a stream either as a result of revenues

increasing more than expenses, costs decreasing, or a
combination of both. Depreciation and non cash expenses

are omitted.13¢

The Present Value Criterion of Acceptance. This

criterion accepts all independent investments having
positive net present values and rejects those with a
negative value. That investment giving the highest.

expected present value of cash flow at a given discount

rate is implemented. |f funds are wunlimited, all
investment alternatives with positive net present values

are implemented.

The Yield of Investment or Internal Rate of Return.

This criterion accepts those investments whose yields are

greater than the minimum desired rate of return required

3¢ H., Bierman, Jr., and S. Smidt, The Capital Budgeting
Decision, The Macmillan Co., New York, 1960, p. 7.
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by the investor. That investment alternative having the
highest rate of return is implemented. If funds are
unlimited, all investment alternatives with rates of
return greater than the market rate (or some minimum rate

set by management) are implemented.

The Yield of investment Criterion of Acceptance. This

term refers to that rate of interest making the present

value of the cash proceeds expected from an investment

equal to the present value of the cash outlays required
by the investment. It is the rate which makes the

present value of cash flow equal zero.!3?

The Net Present Value Method.

This method inveolves the following four steps:t3®

1. The determination of an appropriate discount rate
which reflects management's minimum acceptable rate of
return. This rate may be the borrowing rate or cost of
capital, the opportunity cost or the subjective rate of
time preference. This rate represents the 'cut-off
criterion' in judging the desirability of an investment.

2. The computation of the present values of the net cash
inflows expected to result from the investment. The

present value of the net cash inflows discounted at the

137 {bid. p. 27.

3% R.D.Aplin and G.L. Casler, Capital Investment Analysis,
Grid, Inc., Columbus, Ohio, 1973, pp. 29-30.
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firm's discount rate shows the maximum amount of money
that the firm can afford to pay for the opportunity of
making the investment without being financially worse
of f.

3. The calculation of the present value of cash outlays
required to undertake the investment.

L. The determinatioﬁ of the net present value of the
investment by deducting the present value of cash outlay

from the present value of cash inflows.

The Yield of Investment Method

Here management seeks to find that rate of discount’that
will make the present value of cash inflows expected from a
project equal to the present value of the cash outlays.
This rate of discount is the yield of the investment.!3® The
discount rate 1is found by a trial and error method.
Firstly, a discount rate is arbitrarily chosen and the
present value of cash fiows |is determined. If the present
value of cash proceeds is greater than the present value of
cash outlays choose a higher discount rate. if the present
value of cash proceeds .is less than the present value of
cash outlays, choose a lower discount rate. The procedure
continues until an appropriate rate is found where the
present value of cash proceeds is equal to the present value

of cash outlays.

139 Bierman and Smidt, op.cit., p. 28.
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The Simple Rate of Return

This approach expresses the net revenue added per year by
the investment as a percentage of the investment. It is

commonly computed by the following formula:i+¢®

where R = the average rate of return

E = the additional average annual after-tax
earnings before depreciation, expected
from the investment

= the additional average annual
depreciation

C = amount of capital required by the

investment.

o
[

The manager chooses that investment alternative giving
the highest rate of return. If funds are wunlimited all
projects with rates of return greater than the minimum

'cut~off' rate will be implemented.

The Payback Period

This approach estimates the length of time it will take the
investment to pay off itself out of the returns generated.

The payback period is determined by the formula: formu-

lagt4?

P = C/E
where P = the payback period expressed in
number of periods
€ = the total capital outlay for the
investment

140 Aplin and Casler, op.cit., p. 8.

141 Aplin and Casler, op.cit., p. 6.
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E = the additional projected cash flow
per period resulting from the investment.

The manager selects those projects having payback peﬁiods

less than the cut-off period set by the manager. 1f funds
are unlimited, all investments having payback period less
than the cut-off period will be undertaken.

SYSTEMS THEORY

Systems theory had its early beginnings when it was
recognized that the answers to «certain problems required an
interdisciplinary approach to research. Ackoff, notes:

In the last two decades we have witnessed the
emergence of the 'system' as a key concept in
scientific research. Systems, of course, have
been studied for centuries, hut something new has
been added ... The tendency to study systems as an
entity rather than as a conglomeration of parts is
consistent with the tendency in contemporary
science no longer to isolate phenomena in narrowly
confined contexts, but rather to open interaction
for examination and to examine larger and larger
slices of nature.,4?

The use of systems approach reflects a shift from the
commonly used analytical solution. 1t implied that because
of the increasing complexities involved in various jobs,
isolated soiutions were inappropriate. Rather, a holistic

approach was assumed to be more worthy.

The underlying rational behind the systems approach:

142 p,P, Schoderbet, Management Systems, John Wiley and
Sons, Inc., New York, 1971, p. 1.
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is a perspective of the organization as a
conglomerate of interrelated and interdependent
parts. No one of the parts can perform effective-
ly without others, and any action taken on (or by)
one will have effects which c¢an be .traced
throughout the organization and throughout the
complex environment 1in which the organization
exists.,1*?
Boulding!** sees the systems framework for viewing
organizations as a dynamic one, recognizing that the
interaction of all parts is required to produce the desired

effects. The underlying assumptions behind a general

systems theory are based on the quest for orderliness.

The farm operation is an organization. It possesses
componets whose interrelationships and interdependences are
crucial for its viability. There is, indeed, a holistic
approach to studying farm growth and income. For example,
the farmer does not breakdown the operation into its
components, and then study each part in isolation; instead
he views the whole organization as an interrelated aﬁd
interdependent entity. Other characteristics of a system,
such as goal seeking, inputs and outputs and the transforma-
tion of inputs into outputs, are integral characteristics of

the farm.

143 D,!., Cleland and W.R. King, Management: A Systems
Approach, McGraw Hill Book Co. Inc., New York, 1972, p.
Th2.

144 K, Boulding, "General Systems As a Point of View" in
Mihajlo D. Misarovic ed. Views on General Systems
Theory, John Wiley and sons, Inc., 1964. pp. 25-38.
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The discussion to this point discussed theoretically-re-
lated concepts considered° important to conceptuative the
model of the crop farm. As was noted earlier the crop farm
is a business firm, operating in a dynamic, uncertain,
financially dominated environment where resources are
constrained, investment alternatives are examined and hard
choices made. Moreover, the firm is an interrelated complex
system of components. In order to achieve the methodologi-
cal objective of this study, more than mere acquaintance
with the topics discussed was necessary. They were integral

to attaining that objective.

STMULATION

The Meaning of Simulation

The term 'simulation' has been the source of much
controversy due to the absence of a standardized definition.
Sometimes, the term refers to ''the assumption of the
appearance of something without having its reality.'':4s5 T,
H. Naylor et alt*¢ defines simulation as a technique that

involves setting up a model of a real situation (systems),

and then performing experiments on the model.

145 H, Guetzkow, Simulation in Social Science, Prentice-
Hall, Inc., Englewood Cliffs, N. J. 1963, pp. 1-2.°

146 T, H. Naylor, Computer Sumulation Experiments With
Models of Economic Systems, John Wiley and Sons, Inc.,
New York 1971,
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Probably the most complete definition is that proposed by
Shubik.**? He defines simulation of a system as:
The operation of a model or simulator which is a
‘representation of the system . . . The model is
amenable to manipulation which would be impossi-
ble, too expensive, or impractical to perform on
the entities it portrays. The operation of the
model can be studied and, from it, properties
concerning the behaviour of the actual system or
its subsystems can be inferred.
in this study, the word simulation means a research
technique. It conveys the methodology involved in the
construction, and manipulation of an operative model; the

model being both a symbolic and physical representation of

the decision maker within his environment.

Use of Simulation

Simulation has been used in the past for investigating
and learning about the behaviour patterns of both individual
and group situations. In this respect it has been used for
aircraft and other engineering designs, for the development
of information, for teaching and training purposes.l+® At a
further level of abstraction the economist has always tried
to simulate the environment in which he made decisions. The
graphical and methematical models used to study the impacts

of decisions and changes in important variables may be

147 M, Shubik, Simulation of the Industry and the Firm,
American Economic Review, Vol. 50, 1960.

148 Guetzkow, op. cit., p. 5.
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considered to be simulation.

The present use of simulation in scientific literature is
directly related to the development of, and the rapidly
increasing utilization of systems analysis, the greater used
of a formal type of model, the increased employment of
mathematical techniques and the development of and avail-

ability of high speed electronic computers.

Conway et al**® noted that probably the oldest use has
been for designing new systems and improving the design of
old systems in engineering, as for example, in the simula-
tion of air defense system. Simulation has also been used
for teaching college students about the behaviour of complex
social systems by having the students make decisions, handle
data, and experience the consequences in the simulated
systems, comparable to those occurring in the real system.
Cohen et all3° and Orcutt!3? have also used the technique as
a training device where the trainees made decisions b}
participating in comparable décision in the simulated

situation where 'the trainee is able to get some feel of

149 R. W. Conway, B. M. Johnson and W. L. Maxwell, ''Some
Problems of Digital Systems Simulation,'" Management
Science, Vol. 1, No. 1, 1959, p. 72.

150 K. J. Cohen, et al, '"The Carnegie Technical Management
Game" in readings of Simulation in Social Science, ed.
A. Guetzkow, Prentice-Hall, Inc., Englewood Cliffs, N.
J., 1962, pp. 104-123. :

1s1 g, H. Orcutt, "Simulation of Economic Systems', The
American Economic Review, Vol. 50, No. 5, December 1960,

P. 895.
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what he would experience in the real situation and some
indication of the 1likely outcome of various actions and

responses on his part."

Several simulation techniques have been developed and
used by researchers. Some of these are gaming, Monte Cario
technique, digital computer simulation, analog computer
simulation, machine simulation and real-time simulation.
The Monte Carlo and Opeational gaming methods are discussed
in this section. There appears to be confusion as to the
differentiation of the various techniques. It is this
confusion that prompted the statement;

It is difficult to agree on a common terminology
for current gaming, however, because its antece-
dents suggest diverse usages. Traditional
war-gaming, Monte Carlo computation, parlor games,
and Von Neumann - Morgenstern theory of games all
have contributed ideas and words. Beyond this
historically inspired confusion, diverse local

usages spring up at individual establishments to
meet the needs of particular problems.®?

The Monte Carlo Method

The name Monte Carlo is given to the technique of
selecting numbers randomly from one or more probability
distributions for wuse in a particular‘ trial or run in a
si@ulatioﬁ study. Its purpose is to reproduce data in the

same manner as would occur in a real life situation. The

1s2 ¢, J. Thomas and W. L. Deemer, Jr., "The Role of
Operational Gaming in Operations Research’, Operations
Research, Vol. 1, 1957, P. 3.
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Monte Carlo method in general, is used to solve problems
which @epend i? some important way upon prcbability problems
where experimentation is impracticable and the creation of

the exact formula is impossible.t5?

Operational Gaming Method

Gaming refers to the utilization of a game model which
allows human participants to serve as decision makers,
acting within the system, and observing the performance of
the model as a result of their actions. Usually the
literature fails to distinguish between games and simula-
tion, but they may be differentiated by the concept of play.
A game model simulates a dynmamic environment where human
beings make decisions at various stages of the simulation
and are primarily used for training. The serious use of
games for determining optimal solutions for strategies and
for determining optimal structures for systems is called

operational gaming.!5*

Despite the versatility of the simulation technique, it
is important to realize that the usefuiness of the informa-

tion provided by such a model, or indeed the validity of any

153 p, D. McCracken, "The Monte Carlo Method! Scientific
American, Statistical Testing: Monte Carlo Method,
Elsevier Publishing Company, Amsterdam, 1964, P. 1.

154 J. W. Longsworth, '"Management Games and the Teaching of
Farm Management'' Australian Journal of Agricultural
Economics, Vol. 13, No. 1, June 1969. p. 61.
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inference drawn from a simulation will depend on the ability
of the model to completely duplicate an actual system. The
mode! builder should coﬁsider it of primary importance to

approach that actuality as closely as is humanly possible.

SIMULATION AND DECISION MAKING

The decision making process has been difficult to
conceptualize in a traditional manner because of inadequate
knowledge about many of the factors the decision maker
considers. Decision making models have not adequately dealt
with the importance of the learning-process, the restric-
tions on the manager to analyse information, predicting

expectations and making evaluations on his business.!55

The position of the firm at a given point in time and the
directions it follows over time are functions of type of
response and the ability of the manager to respond to the
various factors making up the planning environment, to the
resource base, and to the institutional policies promulgated
by the managerial strategies used and the technical
efficiency of resources. The outcome of any plan of action
can be expected to differ from the expected outcome due to

imperfect knowledge.

155 C. E. Harshbarger, The Effects of Alternative strategies
Used 1in Decision-Making on Firm Growth, Unpublished
Ph.D. Thesis, Purdue University, 1969, pp. 39-40.
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Thus, the manager makes adjustment in his planning
framework and may or may not engage in new courses of
action. Hence, the behaviour of fhe firm really reflects
the response of the decision maker to changes in the many
factors which associate with management. Because of the
several interrelated factors affecting the decision process,
realistically there cannot be a wuniversal approach to
decision making, but the use of simulation technique is

likely to produce the second best to a universal approach.

A simulation model permits decision making in countinu-
ously changing envirénment characterized by a disequilibri-
um-type of growth. Risk and uncertainty are explicitly made
very important in the decision making process. The farmers
decision-making process is influenced by profit maximization
together with goals of the farm family, technical skills,
expectations‘ and family involvement. Simulation models
consider all these factors that interact to have some effect

on the decision making process.

The importance of preceding ahd §ucceeding events as
explanations of the process change should not be treated
casually in firm growth theory.!®¢ Therefore, simulatién
models prescribe a potentially powerful approach in
investigating the behaviour of the firm over time. It

involves less abstraction than in the case of analytical

156 Baumol, op. cit., pp. L4-5.
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models. Once the decision-process has been achieved,
simulation generates many alternatives and chooses the best
one. It permits the researcher to vary independent
variables and to observe what the effects are on the
‘outcome; it permits the researcher to describe a particular
decision process by following through the effects of
different inputs. The model is very flexible and allows for
various concepts of management behaviour and decision in
studying farm growth and the decision making process. It
allows the researcher to study the effects of different

goals on farm growth.

By simulating for a farm ovér a period of time one can
determine effects on growth of price and yield variability,
land acquisition policies, levels of equity required before
additional l;nd may be purchased, down-payment levels and
goals of the firm. By-using a simulation model a researcher
is provided with much flexibility: décision rules can be
altered; planning horizon may be changed; different
expectations criteria may be used; the entire process may be
updated to account for technology changes, new developments
in government programs etc., or, the goal structure of the

farmer can be altered.

Decision making 1is a continual process as man seeks to
utilize all his resources and his reason in the effort to

survive; farmers seek to attain goals one of which is the
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production of adequate food and clothing for society. The
importance of decision making at the farm is reflected in
the contribution of the farm sector to the GNP. And, vyet
the knowledge of decision making is incomplete. The crux of
decision making is the process by which an individual

evaluates alternatives and makes a choice.

Festinger:®’ believes that to understand the decision-
process requires knowledge of: (a) how will the individual
behave in the decision situation, (b) his reaction after
making the decision, and (¢) the relation existing between
prior-decision and post-decision behaviour. The use of
simulation for teaching has not as yet been completely
determined and needs greater study. There is a great need
to develop ideas which could be useful to educational
agencies dealing with farmers. Simulation will generate and
supply information concerning growth, income potential and

the types of decisions to be expected.

Simulation permits appraisal of farm programs. Good
understanding of those forces which shape the future
structure of the agricultural sector is invaluable for the
formulation of income and price policies consistent with
material well-being. The growing importance of the nonfarm

sector in the voting and pricing mechanism indicates that

157 Leon Festinger, Conflict, Decision and Dissonance,
Stanford University Press, Stanford, California, 1964,
p. 2.
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any future agricultural adjustments and policies should be
viewed within the framework of the national economy as well

as within the agricultural sector.

Simulation has been shown to be an effe;tive method of
teaching farm business analysis or farm business management
to adult education classes. Its use has indicated improved
decision skills more than other instructional methods. It
is probably c apable of teaching skills other than knowledge

of facts.

The onus in growth and farm management rests on the
presence of a ‘superior' manager capable of ‘'superior'
decision making capabilities. Realistically, such an ideal
is impossible but the use of a simulation model may be the
second best way to approximate it. Such a model can be used
to develop superior working managers since it allows the

following:

i) the use of unlimited variables to
generate decisions,

iM) the consequences of changes in actions
with regard to decisions to be known
immediaely,

iii) the actual behaviour of the manager and
the firm to be simulated giving a more
'realistic' decision making environ,

iv) the ‘superior'’ manager to handle the
complexly-interrelated economic environ-
ment by his ability to make more complex
decisions,
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v) consideration of all variations in prices

of inputs, series of products, institu-
tional anq equilibrium conditions in
arriving at decisions, and

vi) decisions are not made in an isolation-

type frame of reference.

Simulation models are wusually nonoptimizing
models in the sense that they do not guarantee an
optimum outcome. However, by the incorporation of
search routines they can find the optima.
Simulation finds 1its greater relevance when the
system studied is very complex in terms of
interrelationships and when a great deal of
flexibility is required. Specifically, situations
involving the achievement of and evaluation of
multiple goals, indivisibilities and lumpiness,
sequential _decisions using different decision

rules and systems analysis are germane for the use

of simulation.

THE RELATIONSHiP BETWEEN SIMULATION AND TRADITIONAL FIRM
THEORY
Because simulation is normally a nonoptimizing technique
and involves several. goals its reconciliation with the
theory of production developed is not clear cut. However,
when it is considered that any solution beyond the produc-
tion possibility frontier is infeasible given the state of

the art, it is easily reconciled that the solution generated
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by simulation must be either within or on the possibility
curve. Further, in this study the primary goal is the
achievement of maximum net income which is also reflected in
the maximization of net worth. Conseduentliy, it can be
expected that the theoretical and actual solution w}ll be
very close. What, then can be said at this stage of
conceptualization about the solution generated by a
simulation procedure? It is that the solution must lie on
or within the transformation curve and the most profitable
farmer is likely to be produciné in close proximity to the
optimal solution generated if profit maximization is the

goal.

How can the concept of the output expansion path, that is
growth, be reconciled with simulation? Following the
previous thought process, it might be expected that the
solution generated by simulation will be located at such a
position within, or on the possibility curve germane to the
relevant period of produetion, given the set of constraints
on production. Similarly, there is no reason to expect the
solution generated by the simulation model not to move
outwards as conditions of production change. The net result
of the increase in factor usage over the planning period
will be a 'simulatory' expansion path. This expansion path
will have the same connotation of the normal expansion path,
and indeed may either coincide with it or lie in close

proximity to it. The exact characteristics of the 'simula-
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tory' expansion path will depehd on the profitability of the
farm business in association with the personal goals of the

manager.

Should there be a significant divergence in the growth of
the firm under the assumptions of traditional optimization

theory from that under nonoptimizing simulation solutions?

Any production unit will minimize the cost of producing
any given level of output at the economic efficient level of
production, if the marginal physical product of a dollar's
worth of one resource is equal to the marginal physical
product of a dollar's worth of every other resource used.
Given the resoruce supplies of the farm and the techniques
of production available, the production transformation curve
for any two products shows all possible combination of
products that can be produced efficiently. Therefore,
assuming that production is taking place witﬁin the
technically efficient region, profit of the farm business

will not be maximized only under the following conditions:

i) If the marginal physical product of a dollar worth
of one resource is not bedual to the marginal
physical product of a dollar's worth of every other
resource.

ii) If the marginal physical product of a dollar's
worth of one resource is equal to the marginal

physical product of a dollar's worth of every other
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resource but the point of tangency lies below the

maximum point.

Solutions from simulation studies of the farm firm can be

analyzed using these concepts.

MATHEMATICAL PROGRAMMING AND SIMULATION - A COMPARISON

Linear programming has had very wide applications. As a
. result, many standard packages are -.available for linear
programming; therfore, cost of computer program time, is
less than for simulation. Irwin!s® has pointed out that
linear programming cannot deal with multiple and conflicting
goals. Not only can simulation handle multiple goals, but
it deals with sequential decisions during the planning

horizon through different criteria.

Simulation can treat multiple goals in one of two ways.
The decision rule within the model may be dependent on
several wvariables, any of which may represent different
goals. For example, the model may borrow to purchase a
machine, if an additional 160 acres of land can be bought.
But, the purchase of an additional 160 acres may depend on
the goal of full ownership. The goals of .1ife expectancy

and land acquisition are both reflected.

32 G. D. lIrwin, '"A Comparative Review of Some Firm Growth
Models,'" Agricultural Economics Research, Vol. 20, No.
3, July 1968, pp. 84-94.
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Values of any number of variables are available.
Therefore, the decision maker may use any number. of
variables in the interior function. Decision criteria of
any kind may be used, and these need not be determined

before a simulation run.

The greafer advantage of simulatiobn is its flexibility.
Since it takes on any structure depending on the specific
problem, it can incorporate any amount of variables,
decisions rules and interrelationships required to portray
the problem realistically. In the case of mathematical
programming, relationships must be linear. Recursive
programming, when used over more than one period, may
prevent the achievment of optimum long-run solution, by
having attained short-run optimization in the earlier
period. Multi-period programming, however, does not suffer

this disadvantage.

There are, some disadvantages inveolved in the use of

simulation. Among these are:

i) heavy cest of development of the problem in terms
of computer logic,

ii) long time for a computer run,

rfii) large core storage requirement,

iv) specification of heur}stics, and

v) model evaluation and verification.



123

CHOICE OF SIMULATION TECHNIQUE

The preceding discussion led to the choice of simulation
as an appropriate technique in terms of the purpose and

objectives of this study.

Simulation allows the incorporation in the model of all
the theoretical concepts discussed previously. The ability
of the techqique to permit specification of heuristics is
important. Many decisions taken by the farmer are ‘'naive'’

and incorporate 'hunches' or heuristics.

in study}ng the farm business for the purpose of this
thesis, it is required to incorporate any kind of relation-
ship relevant to the farm and its environment. Simuiation
adquately permits this. By providing the opportunity for
sequential decision criteria, by being able to incorporate
the predominating non-linearities that abound on farms, by
adquately allowing for indivisibilities in the decision
variables, and by providing for the evaluation of actualv
farm-situation alternatives, simulation was selected as the

most appropriate empirical technique.
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SUMMARY

The purpose of this chapter was to isolate the theoreti-
cal concepts which provided input for unders&anding the
behaviour of the agricultural firm, and empirical techniques
for constructing the model as a representative of the firm.
Neoclassical economic theory was. the actual basic building
block. The addition of behavioural theory concepts, risk
and uncertainty, and dynamic aspects of growth assisted in
setting the firm in real world perspective. Capital
investment theory provided insights into credit management
and portfolio control needed for firm survival and growth.
Systems theory gave insights into the firm as a system with
interdependent relationships, all of which act together to

provide the desired effect.

Finally, the empirical technique of simulation wused in
the study wés introduced and its choice as the ‘model
technique justified. The concepts discussed here form the
framework from and within which the model of the farm is

developed in Chapter [V.




CHAPTER IV

THE CONCEPTUAL MODEL

Previous chapters have collectively presented the
problem, developed the bases from which the model is to be
. formulated, identified the central themes of resource
control, financial management, and rates of return to fixed

inputs, and briefly reviewed some pertinent literature.

This chapter discusses: the conceptualized model. It
jdentifies some fundamental characteristics of simulation
models: 1its purpose, essentials in planning the model, and
validation. The farm model is then presented in terms of

its formulation, description, subsystems and variables.

PURPOSE OF SIMULATION

Simulation methodology is used for two major purposes:!s?

i) To predict the outcome of a system. As forecasters
of behaviour, no consideration is given to the
specific mechanisms and processes involved; no

theoretical position is'necessarily clarified.

159 R.S. Lehman, Computer Simulation and Modeling: An
Introduction, Lawrence Erlbaum Associates, Publishers,
Hillsdale, N. J. 1977, p. 13.
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ii) To maximize the scientific benefit by expressing,
testing and exploring relationships and consequenc-

es implied by theory. Here, primary interest is

the advéncement of theoretical understanding of the

processes involved in a system.

The use of simulation in this study is both predictive
and exploratory. The model also attempts to provide
instructional benefits by demonstrating particular relation-
ships between input variables and parameters and the outcome

attained.

CONCEPTUALIZATION OF SIMULATION MOBELS

An essential step in planning any simulation is the
detailed specification of the conceptual process. A
conceptual model is a concise, systematically organized
statement of the process, including the specification of
input, output, processes and subprocesses involved, the
variables, parameters, and organization of the relevant

data.t¢®

A successful conceptual simulation model should possess

three general criterias*é?

160 [hid. p. 28

161 |bid. pp. 224-2bk.
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i) The process must be dynamic, Unlike symbolic
modéls in which time is allowed to vary backward
and forward, procedural or simulation models
utilize time as a unidirectional forward character-
istic. The execution of the model on a per segment
basis, for example, on a per year basis, represents
the dynamics of the system.
ii) The process must be a 'closed' one. All relevant
input and variables must be comp]eteiy specified.

iii) The process must be well specified.

Specification of the Model

A well specified simulation model consists of six vital
elements; units, properties, inputs, processes, sequencing,
and consequences. Units or components are the entities with
which the model is concerned, and which are to be operated
on by fhe process. - Among these units are the economic¢
factors, institutional parameters, pragmatic considerations,

and goals of the farmer.

Properties are the sets of values and constants relevant
to the units. They are the status, input and output
variables. Inputs initiate the processes and may be control

parameters, experimenter-specified or user-specified. They

assist in developing patterns of behaviour of components. -

Qutput variables are generated by the components of the
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system. The status of a unit at any time is determined by

its properties.

Processes are the actual working.parts of the simulation.
They comprise the functions, procedures and relationships in
a model, serving to indicate how variables are related to
units, to each other and how changes in variables are

generated.

Decision-making 1is an integral part of the model,
contributing significantly to the processing order.
Sequencing involves the succession of processes and
subprocesses in the execution of the simulation. Flowchart-
ing effectively portrays the temporal sequencing of the
system. _ Consequences are outﬁut of the s?stem obtained

either during processing or at the end of programming.

VALIDATION OF SIMULATION MODELS

Validation is one of the most difficult and critical
aspects of simulation. It is the determination of how well
the model reflects the real world situation it purports to
repregent. A validated model'implies its adequacy especial-
ly with respect to the design objective. A distinction is
usually made between validation and testing and verifica-
tion. Testing refers to the testing of the program for
errors, that is, debugging. Verification attests to the

correct operation of the program.
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No generally agreed procedure for validation exists
because of the possibility of having multiple criteria and
because validity depends on the purpose of the study.'¢2 Thé
ability of a simulation model to generate testable hypoth-

eses poses another problem for validation.¢?

Validation is related to the relationship between the
output of the real and simulated systems, to credibility of
the theory as a legitimate scientific statement, and to the
theory's relationship to the model. Validation of a model

may be accomplished in the following ways:ié+4

i) Comparison of two outputs. A valid simulation
gives output that is statistically the same as that
obtained from the real world system using compara-
ble data. indistinguisability tests are the basis
for comparing validity. These tests do not
distinguish between outputs, and do not indicate
whether the model can advance scientific under-
standing.

ii) Theoretical validity. The model is required to
meet the normal requirements of the scientific

method.

1éz |bid
1é3 |bid. pp. 230-231.

164 |bid.
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iii) Validation of the model as a representative of

theory.

Indistinguishability Tests

The accuracy of the theory's prediction is assessed by
the degree of fit between the results of the simulation and
the real world situation. {f they are, fhe simulation
passes the test and vice versa. Procedures adapted as tests
are the Turing test, Turing-extension test, and ‘'kncwn
results' matching techniques.!®5 Most researchers find the
" Turing-type tests highly cumbersome, and utilize 'known
results' techniques. The procedure of matching known
results involves establishing a series of experimental runs
of the model and assessing the goodness of fit of the

results.

Evaluating the 'matching' is done by a simple inspection
of results, by side-by-side comparison of protocol output,

and by statistical goodness of fit.

Multistage Procedurel¢s

16s Op.cit. lbid.

165 T. H. Naylor, (ed), Computer Simulation Experiments With
Models of Economic Systems, John Wiley and Sons, Inc., New
York, 1971.




131

This validation procedure employs the phenomenae of
rationalism, empiricism, and positive economics. The first
staée describes the behaviour of the system as a set of
postulates - tﬁe hypotheses. The second stage tests the
validity of the hypotheses. But, these hypotheses may fail
the scientific method requirement\of falsification, and may
either be abandoned or retained with no effect on the
overall validation. The final stage assesess the ability of

the model at predicting outcome of the system.

Maisel-Gnugnoli Proceduretés

Validation is accomplished by observing to what extent
the model meets its design objectives. It is assured in one

of three ways as depicted in Figure 2.

i) by the use of expert reaction to the simulation
(1eft-hand channel).

ii) by being built into the simulation model (central.
channel) .

iii) by comparing results with set standards (right-hand

channel) .

If the results were statistically the same as real world
results, if the theory stands the test of scientific

methodology, and if the simulation program represents an

166 H. Maisel and G. Gnugnoli, Computer Simulation Descrete
Stochastic System, Science Research Associates, inc.,
Chicago, 1972, p. 33.
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Figure 2: ESTABLISHING THE VALIDITY OF A COMPUTER
SIMULATION
‘ Application implications ’
Simulation is Design A set of
applied to s characteristics standards is
given problem are specitied developed
The data are
collected,
recorded,
and analyzed
A series of
simuiation runs
Subject matter is designed. 1n
specialists e a statistically
review output vahd way. to
check the simulation
vs. the standards
Models are
developed
L
The resuits of
Computer the runs are
programs are compared to
wnitien the standards
Resuits are
reviewed by the
control group

The choice of which

of these two paths

to follow is made by

OR the control group and
depends on whether
or not more data are .
needed in order to
make the modifications

" that are required

Is
the simulation
compieted?

'H. Maisel and G. Gnugnoli, Simulation of Discrete Stochastic
Systems, Science Research Associates, Inc., Chicago, 1972,

p. 34.

Source:
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application of the theory, then the model can contribute to

scientific knowledge.

The validation procedure followed in this study involved
assumptions of theoretical validity (generality, falsifi-~
ability, accuracy and simplicity); as a representation of
;he theory as shown by the documentation of the simulation
program including the program logic and rationale; by
reaction of experts to the model formulation, logic and
subsystem results, and by mztching results from the
simulation subsystéms and the complete system with histori-

cal real world results.

Validation Tests

The actual tests used for establishing validation were:
Student's 't' test, Theil's lnequality Coefficient, Goodness

of Fit and Root Mean Square Simulation Error.¢7

147 Details concerning these tests are available in the
following texts: '

D.V. Huntsberger and P. Billingsley, Elements of
Statistical Inference, Uth ed. Allyn and Bacon, Inc.
Massachusetts, 1977, pp. 219-232,

Henry Theil, Econometrics and Management Science,
Management Science. Voi. 11, No. 10, June 1965, pp.
B200-B212.,

G. Snedecor and W.G. Cochran. Statistical Methods. 6th
ed. lowa State University Press, Ames, lowa, 1967. p.
549,

P.S. Pindyck & D.L. Rubinfeld. Econometric Models and
Economic Forecasts. McGraw-Hill Book Company, Toronto,
1976, pp. 314-320.
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PRESENTATION OF THE MODEL

Figure 3 shows the general procedures used in the
development and formulation of the model. The presentation
of the probilem in Chapter | provided the objective relation-
ship with an indicator of performance by which alternative
solutions to the problem could be evaluated. It is now
required to identify all relevant variables, those whose
behaviour and values affect the performance of the system;

controllable, noncontrollable and parameters.

MODEL FORMULATION

In order to formulate the model detailed information
about the system was required. This information should be
adequate enough to provide a complete and concise represen-
tation of the state of the farm operatiop at any time

regardless of what simulation run is being processed. The

farm operation is a complex one warranting its representa-

tion in the form of subsystems. Conceptually, it involves
the description of the dynamics of the system as viewed
through photographic snapshots of the farm operation, ét
very small intervals of time  throughout the time of
operation, giving in effect, a continuously operating system
with changes fn state and processes, in all directions and

even subject to conditional events.
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FLOW CHART OF STEPS IN"THE USE OF SIMULATION

C

Application implications

D

V

Is
the simuliation

NO

OR

Simuiation is Design Asetof
apphedto a characteristics standards is
given probiem are specilied developed
The data are
coliected,
recorded,
and analyzed
-A series of
sinylation runs
Subject matter is designed, in
specialists B a statistically
review oulput vaiid way, to
check the simulation
vs the standards
Modeis are
deveioped
The resuits of
Computer the runs are
programs are compared 10
whllen the stangards
Results are .
reviewed by the
control group

compieted?

Source

H. Maisel and G. Gnugnoli, Simulation of Discrete Stochastic
Systems, Science Research Associates, Inc., Chicago, 1972,

P 340

The choice of which

of these two paths

to follow is made by
the controi group and
depends on whether

or not more data are
needed in order to
make the modihications
that are required

-4
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Such an accomplishment demands information about the
detailed behaviour of the system from very many sources.
These sources of information included research literature,
other publications, news from communication media, discus-
sions with knowledgeable people including professors,
advisors, farm experts and farmers. Data are required to
estimate parameters and variable Yalues currently and in the

future and to be used to validate the model.

The next step deals with the combinations of the
components and subcomponents into the simulation model.
This phase is facilitated procedurally by use of flowchart-
ing. The flow chart indicates the logical rules with which
information submitted as data are treated, and represents

the sequencing aspect of a simulation.

Next, the logic of the flowchart is transliated into a
computer language and becomes the computer program. The
computer model comprises the various subroutines represent-
ing the various events or processes operating in the
perceived system. Subroutines are very important since they
display the model builder's hypotheses about how the system

operates.

The subroutines are independently debugged, verified, and
tested for wvalidity in output performance. When all
subroutines are debugged, they are amalgamated into the

complete program which is debugged, verified, and validated.
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Subsequently, the model is run, statistical experiments are
designéd using the model as the experiméntal plot, output is
generated, analysed and results established. Finally

recommendations are made.

The objective in formulating the model is to be able to
describe the state of the system every time changes within
the system occur and to use the informations to deduce

future output and future behaviour of the system.

DESIGN OF THE MODEL

The model is constructed to simulate the growth and
operation of a crop farm producing wheat, oats, barley, rye,
flaxseed, rapeseed, hay and forage seed in a dynamically
uncertain.decision-making environment. The principal goal
is the maximization of farm net income, net worth, and net
cash flow with secondary goals of meeting the specified

consumption needs of the family and other restrictions.

Figure 4 displays the objective of the model components, -

the conditions, parameters and variables to be specified,
the decisions made by the farm manager and/or the model, the
information provided by the computer. The remainder of this
chapter will discuss the essential characteristics of the

farm firm invoived in this study.
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THE COMPONENTS OF THE SIMULATION MODEL

Parametric Coefficients

The model wuses two types of parameters. Type one
parameters represent the particular situation being
investigated. Among these are coefficients representing the
initial situation of the operation under investigation and
may include the type of farm, farm acres, acreage under
crop, acreage under summerfallow, machinery complements,
initial debt and financial situation, tenure status, and
decision parameters such as number of years to be simuiated
and output tables required. The initial values of the

parameters in this group may be submitted by the user.

The other type of parameters are given values by the
computer model. The model doe§ not allow the user to modify
the values of these parameters which have been developed
based on all available research work and written literature.
While the model may be criticised for this rigidity, it is
assumed that the data in this group are sufficient to
encompasé most possibilities. In addition to which it
significantly reduces the core storage demands of the model,

and therefore, the cost involved.
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Operational Modes

The model operates both deterministically and stochasti-
cally. In the deterministic mode the user assumes that the
values of'all coefficfents are exactly known. Use of the
model in the stochastic mode recognizes the dynamic
uncertainty prevailing in the economic environment. The
values of the coefficients used are derived from random
distributions of values to which subjective probability and
confidence are attached. Subroutines PROBAB, GAUSS and
RANDU (Appendix A) deal with the process of generating
probability distributions and drawing random variates
representing values of stochastic variables mentioned

earlier in Chapter 1.

Goals of the Model

Economic theory assumes that man 1is a rational being
capabie of consistent rather than inconsistent ordering of
preferences. This is done primarily for convenience in
studying economic phenomena in an orderly pattern instead of
the chaotic state that will exist if each individual's
behavioural pattern was allowed to vary. The behaviour
exhibited by individuals is oriented towards specific
satisfactions or goals; their wants and their desires have
.been the nuclei of economic actions and decisions. In turn,
the economy of any social unit is designed primarily to

satisfy the demands of its members.
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Generally speaking, Canadian agriculture and in
particular