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CHAPTER 1

INTRODUCTION

The Problem

Elements of risk pervade every phase of economic activity. Most
economic decisions are made under imperfect knowledge because individual
decision makers are not aware of the complete set of alternative actions
available to them or the possible outcomes associated with each action.
This is especially true for the decisions faced by farm operators. The
natural and economic environments within which farmers operate interact
to complicate decision making. Weather, insects and weeds make planting,
fertilizer, herbicide and insecticide decisions extremely difficult and
cause yields to fluctuate widely. The competitive market within which
farmers operate subjects them to wide fluctuations in prices. Institu-
tional policies such as government farm programs and trade agreements,
inflation and credit arrangements affect prices and costs of production.
In recent years, the simultaneous fluctuation of a number of these
factors has resulted in gross and net income instability for farm
operators in Oklahoma and the U.S. farmers, lenders and policy makers
have become increasingly concerned regarding the potential impact of
income instability on the economic viability of farm firms and the

future structure of agriculture.



The problems on which this study focuses are price and yield
variability and their effects on net farm income for Oklahoma farm
operators. Since the 1970's price variability has increased greatly
for all kinds of agricultural commodities. These increases are
attributed to expanded and unpredictable fluctuations in agricultural
exports, devaluation of the U.S. dollar, fluctuation in energy supplies,
variation in world production, and government farm programs. The price
variability problem is statewide, regional, national and international
in scope.

Figure 1 shows the farm income situation faced by Oklahoma farmers
from 1962~1977. Net income after inventory adjustments increased very
little from 1962 to 1972. This stability was due in a large part to
major price and income support programs and stable foreign demand.
However, there was a considerable income in 1973 caused mainly by
unpredictable fluctuations in foreign demand. since 1973, net farm
income has been gradually declining. These figures conceal the greater
variability of net farm income at the individual farm level. Fluctuat-
ing crop and livestock yields and prices coupled with rising fuel,
fertilizer, labor and land costs have increased income variability and,
thus, risk at the farm level.

Many individual farmers produce only one cfop, or at most a few
related crops and livestock enterprises. A complete or partial failure
of a particular crop affects the amount available for sale and, thereby
net farm income. However, if thé individual farmer has a good crop in
a year when most other farmers have poor crop yields, his net farm

income will rise.
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Factor and product prices at the farm level are subject to vari-
ability from a variety of sources exogenous to the farmer. The farm
decision maker incurs price or market risk when he plants a crop or buys
stocker cattle for wheat pasture. He does not know what may happen to

livestock or crop prices during the production period.

Methods of Managing Production

and Marketing Risk

As is discussed above, risks arising out of production and marketing
affect net farm income. Therefore, risk plays an important role in farm
decision making. Risk is inherent in production and marketing decisions
and cannot be eliminated. However, several methods of dealing with
production and marketing risk are available to producers. Some of
these methods which are frequently advocated are: government farm
programs, diversification, forward contracting, hedging on the futures
market, crop-share versus cash rent, and crop insurance. These methods
of handling production and marketing risk may not be applicable to
every type of agricultural producer.

One method that may be used by farmefs is to participéte in some
type of governmeﬁt farm program to avoid or minimize risks arising out
of productiocn or marketing. There is a program for disaster payments
in case of prevented planting or low yields and a price support program
to protect the farmer from an adverse price decline. These farm programs
do not entail a direct cost, but the farmer may have to comply with some
amount of acreage setaside requirements.

Diversification is another strategy used in handling risk under

certain conditions. Diversification involves producing more than one



commodityﬁduring a production period. This strategy generally reduces
income variability by adding new enterprises to the existing organiza-

"safe" enter-

tion of production. It may also refer to the selection of
prises and multiple marketing decisions involving the selling of
commodities at different times during the crop year. Diversification
may be considered as an intra-firm risk management strategy.

Forward contracting, hedging on the futures market, crop-share
rental arrangements and insurance are all inter-firm risk management
strategies. These methods deal with. the transfer of risk to other
economic units more willing and/or better able to bear risks. Forward
contracting transfers price risk to the forward contractor, e.g., the
local grain elevator. Hedging on the futures market transfers price
risk to speculators. .Crop-share rental arrangements transfer some of
the production and cost risk to the landlord. Insurance transfers

certain kinds of production risk to insurance companies, e.g., a farmer

can purchase crop insurance against wind or hail damage.
Objectives of the Study

The primary purpose of this analysis is to determine and evaluate
risk efficient farm plans for a number of the more important‘production,
marketing, and risk management strategies available to farm operators
in the study area. Risk efficient farm plans are defined as those
minimizing total negative gross margin deviation (TND) for a given
level of expected total gross margin (E). Risk efficient farm plans
are also defined as those having minimum gross margin standard deviation
for a given level of expected total gross margin since TND can be, and

is, transformed into an estimate of gross margin standard deviation.



The specific objectives are to:

1.

@#;f 2.

Develop and analyze the necessary data to determine the price,
yvield, cost of production, and net income variability for the
important production alternatives in the study area.
Determine the impact on net return variability of alternative
marketing and risk management strategies.

Construct a farm planning model to determine risk efficient
farm plans from among the production, marketing and risk
management alternatives available to producers in the area.
Evaluate the potential tradeoffs between expected total gross
margin and gross margin variability under alternative assump-
tions regarding risk management strategies available to

producers.

Description of Study Area

The area selected for this analysis is a part of the Low Rolling

Plains of Oklahoma, and is composed of eight counties which are located

in the southwestern part of the state. These counties are Caddo,

Comanche, Cotton, Greer, Harmon, Jackson, Kiowa, and Tillman. There

are three experimental research stations and 14 weather reporting

stations in the area (Figure 2). The experiment stations are located at

Altus, Mangum, and Tipton, which are in Jackson, Greer, and Tillman

counties, respectively.

The study area is characterized by low annual precipitation. The

average annual precipitation is 27.1 inches (Curry). The monthlyaverage

precipitation varies from a low of 0.82 inches in January to a high of

4.7 inches in May.
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Precipitation from June through September is 3.14, 2.47, 2.33, and
3.5 inches, respectively. The amount of precipitation is important
for both dryland and irrigated farming. The average annual precipitation
of the study area decreases as one moves across from east to west. The
average annual precipitation at Altus, Mangum and Tipton is 24.9 inches,
24,6 inches, and 25.9 inches, respectively.

The southwestern part of Oklahoma was selected as the study area
because a wider range of production and marketing alternatives are
available, including wheat, grain sorghum, cotton, and alfalfa produced
under irrigated and dryland conditions. Price and yield variability
are both important, particularly under dryland conditioms. In addition,
the data on yields, prices, and cost of production, which are essential
for risk analysis, were readily available.

The study area has both dryland and irrigated farms, but dryland
farming predominates. According to census data, the number of dryland
and irrigated farms have been decreasing since 1954 while the average
size per farm has been increasing (U.S. Department of Commerce, 1954;
1959; 1964; 1969; and 1974).

The soils of the study area can be classified into three broad
groups: clay, loam, and sandy. Each of these groups can be found
extensively in relatively homogeneous blocks throughout the study area.
However, historical crop yield data are not available for different
soil groups.

The crops grown in the area are wheat, cotton, grain and forage
sorghum, hay, oats, barley, peanuts, rye, corn, and soybeans. However,
most of the crop acreage is devoted to wheat, cotton, and sorghum

production (Oklahoma Agricultural Statistics). In addition to crop



enterprises, the principal livestock enterprises are cow-calf and

stocker heifers and steers for winter wheat pasture.
Organization of Thesis

The following chapter presents a review of the relevant literature
and the theoretical development. Chapter III discusses data needs and
develops the planning model used to determine the risk efficiency
frontiers for the representative farms. Measures of expectations are
specified and cost and expected gross margin data and input-—-output
parameters for alternative production enterprises are developed.
Chapter IV develops the risk management strategies and the cost and
gross margin data necessary to analyze these risk strategies. A series
of risk efficient farm plans are determined for the representative farms
for each risk management strategy using different measures of expecta-
tions and levels of expected total gross margin. The risk efficient
farm plans are presented and discussed in Chapter V. Chapter VI
summarizes the analysis and draws conclusions, and discusses the impli-

cations of the study and the need for further research.



CHAPTER 11
LITERATURE REVIEW AND THEORETICAL DEVELOPMENT
Alternative Measures of Risk

Risk can be defined in many different ways by economists and
researchers. Markowitz discussed six possible measures of risk. The
measures are: (1) the standard deviation; (2) the semi-variance;

(3) the expected value of lossy; (4) the expected absolute deviationg

(5) the probability of loss; and (6) the maximum loss. Using these
measures of risk, the decision maker maximizes the expected value of
some utility function by selecting a portfolio based on its expected
return and (1) standard deviation, (2) semi-variance, (3) expected value
of loss, (4) expected absolute deviation, (5) probability of loss, or
(6) maximum loss. He concluded that the best portfolic is based on its
expected return and standard deviation (or variance). He also stated
that a portfolio based on its expected return and the semi-variance,
which considers variability below the expected return, could be at least
as good as the portfolio based on its expected return and standard
deviation. He further concluded that portfolios selected on the basis
of expected loss, expected absolute deviation, or probability of loss
are not very reliable for a conservative decision maker because the
portfolios may be speculative. The use of maximum loss as a measure of
risk is ruled out because it is not consistent with the assumption of

utility maximization (Markowitz, p. 293).
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According to Young and Findeis the two most widely used definitions
of risk are: (1) standard deviation or variance, and (2) "chance of
loss" or the probability (a) that random net income (m) will fall below
some critical or "disaster" level (d). This second definitien can be
expressed mathematically as Pr (nﬁﬁ) = 0. The first definition is
consistent with quadratic programming models. The second definition is
more inclined towards "'safety-first' models of Roy, Telser, and Kataoka.
These models represent alternatives to the mean-variance approach to
choice under risk. The safety-first approach assumes that the decisiomn
maker concerned with the ability to prevent total disaster rather than
with the possibility of small losses and gains (Boisvert and Jensen).

The most widely used measure of risk is the variance or standard
deviation. Both of these measures can indicate the degree of vari-
ability of enterprise returns. However, variability and risk are not
necessarily synonymous since variability includes returns above the
expected lewvel as well as below. Among farm operators, an enterprise
is not generally considered '"risky' when the return is above the
expected level of return.

Other measures of risk have been attempted by researchers (Hadar
and Russell; Hanoch and Levy; and Rothschild and Stiglitz). One
plausible method of estimating risk is based on the variate difference
method (Tintner). This technique has been applied to agricultural crops
in California, North Carolina, and Wyoming to measure variability in
price, yield and income (Carter and Dean; Mathia; and Yahya and Adams).
This technique assumes that economic time series data consist of mathe-
matical and random components. Since the mathematical part can be

predicted, the measure of variability is concerned only with the random



or unpredictable part of the time series data. The mathematical
component is effectively eliminated by a series of finite differencing.
Tintner suggested the use of the standard error procedure to determine
at which difference the mathematical component has been eliminated. He
states that when the standard error ratio becomes and remains less than
three, the mathematical component has been eliminated thus leaving an
estimate of the random component (Tintner).

Darcovich and Heady proposed a number of altermative price and
yield expectation models. The models are: (1) the average price and
yield model, (2) the normal model, (3) the cumulative yield model,

(4) the random price and yield model, (5) the current-year price and
yield model, (6) the moving-average price and yield model, (7) the
weighted-moving—-average price model, (8) the trend and reverse-trend
price models, (9) farm outlook price model, (10) the parallel price
model, and (11) the futures price models.

The two that are popular are the average price and yield model and
the moving-average (included the weighted-moving-average) models. An
expectation model based on the average or mean of the series implicitly
assumes that each of the past observations is of equal importance. One -
problem with this type of expectation model is the selection of the
appropriate length of the data series. The longer the data series the
more difficult it is to argue that the expected value is the mean of
the series since that would assume the decision maker has an infinite
memory. It may be argued that recent events should be weighted more
heavily than earlier events and that the expectation model should be
of the moving-average type. Just argues that it is also possible that

decision makers may weight past events equally (p. 18). Darcovich and
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Heady proposed 5-year moving average and weighted 5-year moving average
models. Carter and Dean also suggested a moving average as a possible
expectation model., Patrick and Eisgruber used a price expectation model
with weights of .7, .2, and .1 for the last three years, with the last
year being most heavily weighted. - Fisher and Tanner tested various
expectation models and found that farmers formulate their expectations
based on a weighted average of past prices with the weights declining
exponentially over time.

The expectation meodels presented above represent ways of formulating
expected yields and prices separately. They can also represent different
ways of eliminating the mathematical component from the random component
in time series data. In other words, besides forecasting purposes these
models may represent alternative ways of estimating wvariability using
historical data.

Discussion of expectation models for production costs, gross margin,
and enterprise return are relatively sparse in the literature. For
short~run risk analysis such as this, expectation models on production
costs are not really necessary since many production costs are known
with certainty at the time of decision making (e.g., harvesting time)
so that they have relatively little effect on risk (Just, p. 18).

Hazell, Chen and Baker, and Just combined prices and yields to calculate
actual returns. Hazeli and Chen and Baker used the arithmetic mean of
the actual return series as the expected return.: ‘Hazell vused negative
deviations from the mean as a measure of risk. Hazell and Scandizzo
showed that farm decision makers have rational expectations in the
Muthian sense if direct forecasts of net return per acre are made

instead of forecasting of price and yield separately. Thus it seems
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plausible that an expectation model can be formulated for gross margin
or enterprise return in the same manner as in price and yield expecta-
tion models since expected gross margin or expected return is calculated
on the basis of expected yield, expected price, and expected cost.

It has been shown that expectation models and measures of risk are
interrelated since the choice of the expectation model will affect the
measure of risk. The choice of the appropriate expectation model and
measure of risk is still unresolved. However, Young evaluated several
measures of risk based on historical data that are used in various
studies. He found that the equally weighted moving average and the
constantly adjusted weighted moving average (CAWMA) models provide
reasonable results but the simple and weighted moving average models
were better than the other models based on theoretical and empirical
criteria.

In this analysis, risk or variability in net farm income is defined
as the difference between the actual and the expected net farm income.
The expected net farm income may be defined in terms of the mean of the
historical series, an equally weighted moving average of recent years,
an unequally weighted moving average of recent years, or other similar
measures. In each instance, once the expected net farm income is
defined, variability of net farm income is defined as the deviation
between the expected net farm income and the actual net farm income

which occurred.

Theory of Choice Under Risk

Prescribing or predicting decision behavior under risk is difficult.

It involves choosing from among a number of alternatives for which the
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consequences are associated with a probability distribution. Utility
analysis provides a system whereby comsistent choices- among ;isky
alternatives are simplified and evaluated. The central theorem of
utility analysis, and its function in decision analysis, is known as
Bernoulli's principle, sometimes called, the expected utility theorem.
This principle named after Daniel Bernoulli who as early as 1738
suggested that the optimal behavior of the decision maker is that which
maximizes expected utility. He assumed that utility was cardinally
measurable énd that the decision maker should maximize his expected
utility (Sommer).

In 1944, Von Neumann and Morgenstern showed that the concept of
cardinally utility follows logically from the assumption of a small
number of simple postulates, and that if these postulates are fulfilled
then utility is measurable up to a positive linear transformation. The
postulates are: (1) Complete-Ordering and Transitivity, (2) Continuity,
and (3) Independence (Halter and Dean). These postulates provide a
sufficient framework for deducing Bernoulli's principle for the case of
risky altermatives with singledimensioned outcomes and with slight but
reasonable extension of the postulates for risky prospects with multi-
dimensioned outcomes. Further, this principle provides the means by
which risky prospects are ranked in order of preference, the most
preferred prospect being the one with the highest expected utility
(Anderson et al.).

According to Bernoulli's principle, if a decision maker accepts
the postulates of brdering and tramsitivity, continuity, independence,
there exists a utility function for the decision maker that reflects

his preferences for outcomes and a subjective probability distribution
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that reflects his personal judgment of the choices confronting him
(Anderson et al.). If the decision maker's choices are consistent with
the above postulates, then for every altenrative A there exists a
corresponding utility U(A). If the alternatives represent different
levels of income T then the result is a utility function for income.
Figure 3 represents three utility functions each of which associates
a utility value with each of the risky alternatives. The utility value
designates the rank of the altenratives in order of the preference of
the decision maker. The most preferred alternative has the highest
utility value (Dillon, p. 10). These utility functions depict the risk
behavior of three types of decision makers (Halter and Dean, pp. 45-46).

All three functions are monotonically increasing, i.e., if 7, > 7

1 2

implies U(nl) > U(ﬁz). The implication of increasing monotonicity is
the neoclassical axiom that more income is preferred to less, i.e.,
3U/3m > 0. However, the marginal utility obtained from an extra dollar
of income varies among the three decision makers. Although the first
derivative of the utility function, U(T), is positive, the second

. . , 2 2 2 2 -
derivative may be negative (0°U/om™ < 0), zero (3°U/3m” = 0), or positive

2 2 . , . . qs ,

(37U0/3m” > 0) which implies that the marginal utility of extra income
is decreasing, constant, or increasing. Decision makers with the above
utility functions are characterized as risk averse, risk neutral, or
risk lovers, respectively.

The purpose of this study is '"normative", that is, to prescribe to
farm operators decision they "should" make under conditions of risk in
order to be consistent with their risk preferences. The preferences of
a decision maker can be denoted in the form of a polynomial utility

function that can be expressed as a Taylor series expansion of U(m)
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about the fixed value of expected income E(T). The expected utility of
any alternative A is derived by taking the mathematical expectation of
both sides of the Taylor series expansion equation. - The first moment
about the origin is the mean, E(T). The first moment about the mean is
equal to zero. The second, third, and fourth moments about the mean are
variance, skewness, and kurtosis, respectively (Halter and Dean, p. 100).

In order to determiné the degree of the polynomial function to
calculate the expected utility for any alternative depends on the number
of moments of the random variable T, and the number of derivatives that
can be obtained from the utility function. If the random variable 1 is
normally distributed, for most decision makers moments beyond the third
one play no great role in decision making (Anderson et al., p. 92).
Therefore, only the first three terms of the Taylor expansion series are
used to calculate the expected utility. Since the second term of the
expansion is equal to zero, the utility function may be described as
quadratic:

U = U(E, V) (1)
where U equals. expected utility, and E equals expected income and V is
the variance of expected income or risk.

If the decision maker's utility function can be described as
quadratic, in such a case, all the remaining moments beyond the third
(skewness, kurtpsis, etc.) are ignored. Moreover, if the decision maker
has a quadratic utility function, then the functional arguments of
expected utility are expected income and variance of income as stated
in equation (1).

Equation (1) implies a utility surface in three dimensions U, E,

and V. An E-V indifference curve is described by holding U constant:
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w° = v°E, V) (2)
All points on u° yield the same level of utility. Holding U constant
at different values give a system of E-V indifference curves (Figure 4).
With expected income and variance of income as arguments in the decision
maker's utility function, higher expected income and low income variance

provide greater expected utility.
Whole-Farm Planning Models

Linear Programming

Various types of mathematical programming models have been used as
whole~-farm planning tools to aid farm operators in decision making.
Of these models, linear programming (LP) is the most widely used.

Basically, the LP maximizing model may be expressed as follows:

n
Maximize z = I ©¢.x. (3)
. J 3
i=1
n
subject to 'Z 2; 5%, (< =_Z)bi (4)
j=1
and X, 2 0 (5)

i=1,2, «eo,m; j =1, 2, ..., n)
where z is usually net farm income,'cj is the per unit net return of
the jth farm enterprise, Xj is the level of the jth enterprise, aij is
the amount of the ith resource required for a unit of the jth enterprise
and bi is the quantity of the ith resource available.

However, the usefulness of LP as a farm planning tool has been
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