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The crop rotation decision is important to farmers because of its

impact on profitability, financing and risk exposure. This thesis

addresses the problem of farm level crop rotation selection under per-

fect and imperfect knowledge of prices, yields and costs. The problem

is addressed by first estimating production functions for irrigated

wheat, corn, potatoes, and alfalfa in terms of annual weather; crop

variety; planting and harvesting date; and specific rotation. Sub-

sequently, these equations are used to construct estimates of the gross

margins for crop rotation activities. The study then proceeds to se-

lect optimum crop rotations and proportions of land resources allocated

to each. The major criteria influencing the selection of optimum farm

crop rotation are profit maximization and risk avoidance. On the basis

of the two criteria, two empirical equilibrium one year linear program-

ming models are built. The first model includes cropping activities in

which the return depends on the preceding crops and on acreage con-

straints; risk factors are disregarded. The second model adds risk

feature to the first model. Given various degrees of risk aversion,
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the model provides a series of efficient farm crop rotation plans and

calculates their expected gross margins (profits) and standard devia-

tions.

The empirical results obtained from this study indicate the im-

portance of risk consideration in improving the model predictive per-

formance. The model performs successfully in selecting crop rotations

comparable to the rotations practiced on the case farm when adequate

agronomic and risk considerations are introduced in the analysis. In

addition, the results show that less profitable crops such as corn and

alfalfa will be included in rotations if their presence exhibits a

positive influence on subsequent crops.

Two important areas among others need more attention in order to

obtain more applicable results. First, incorporation of the unexplain-

ed variation In the risk estimation procedures to improve the predic-

tive performance of the model, Second, extension of the model to in-

clude input risk, Inflation, cash flow, more resource constraints such

labor and capital within the developed framework may have noticeable

Impact on optimal crop rotation selection.
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SELECTING OPTIMUM CROP ROTATION

CHAPTER I

INTRODUCTION

The Problem

The crop rotation selection decision is a crucial management deci-

sion that farm managers make. The decision is particularly important

in terms of its impact on profitability, financing, and risk exposure

The difficulty of the choice of crop rotation results from the large

number of factors entering the decision process, the interrelation-

ships between and among these factors, and the lack of control by the

farmer over some of these factors.

Economic pressures at the farm level coupled with technical inter-

relationships among crops, require that farmers carefully consider

rotation selection. The whole concept of crop rotation selection in-

volves jointly beneficial interrelationships between individual crops.

Knowledge of such relationships may aid farm managers to select certain

crop rotations which increase farm income. The technical interrela-

tionships contribute to: 1) control of weed pests, insects, and plant

diseases; 2) improvement and/or maintenance of soil productivity, or

ganic matter, and soil characteristics; 3) reduction in soil erosion

and nutrient losses by leaching; Li.) reduction in seasonal resource re-

quirement conflicts; and 5) income stability. These beneficial contri-

butions are, of course, inherently limited, and farm income is uncer-

tain due to weather and other risky factors such as yield variations,

possible changes in prices, devaluation of the dollar, and unexpected

fluctuation in foriegn trade among other factors. Quantifying the



effects of the above factors will help the decision makers to assess

the risks in gross margins (profit). Thus, they will be in a better

position to identify effective methods of compensating for adverse

effects of risk.

The ultimate problem to which this thesis is addressed is to pro-

vide models and methodology which will enable the farmers and farm man-

agers, researchers and Extension personnel to explore and evaluate al-

ternative crop rotation activities and select the optimal crop rotation

plan among the available alternatives.

Case Study Objectives

The primary objective of this thesis is to develop procedures for

the selection of optimum crop rotation plans. This will be done for

a case study in the Hermiston area of Oregon. Each of the factors

which affect crop rotation selection act either directly and/or jointly

with other factors. Exploring all factors would be difficult and be-

yond the scope of this study. The study will focus and concentrate on

the mean and variability of gross margins due to annual weather; crop

variety; planting and harvesting date; and specific rotation.

Case Study Procedures

To accomplish the stated primary objective the following proced-

ures will be followed:

1. Variables will be identified and measured that are hypothe-

sized to have significant impacts on the yield of irrigated

wheat, corn, potatoes, and alfalfa production in rotation;

2
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Estimates will be done on the net effects of the above men-

tioned variables by fitting regressions of gross margins for

crop rotation activities to be used in budgeting of alter-

native crop rotations;

A risk-free linear programming model will be developed to

select the most profitable crop rotation plan;

A risk averse linear programming model will be developed to

select the most efficient crop rotation plans.

Thesis Organization

The remainder of the thesis is organized into five chaixters,

Chapter Two discusses the theoretical review and discussion of the

methodologies involving the whole farm planning under conditions of

perfect and imperfect knowledge. Developnent of empirical crop rota-

tion models is presented in Chapter Three. Chapter Four presents re-

gression analysis for planning crop rotation activities with wheat,

corn, potatoes, and alfalfa as initial crops. The data requirements

for the empirical crop rotation models along with results and dicus-

sion are presented in Chapter Five. The final chapter presents the

summary and conclusions of the analysis.

Study Area

The irrigated portion of Oregon's North Columbia River Basin pri-

marily includes Northern Morrow and Northwest Umatilla Counties (Fig-

ure 1.1). It is about 80 miles long, 30 miles wide and bounded by

Columbia River to the north. Sandy and sandy-loam are the predominate
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The geographic concentration of this study is on the area located

5

Soils. Rainfall seldom exceeds 1k inches. Much of the area receives

less than 8 inches of precipitation annually (Obermiller, 1975). In

the early 1950's land owenrs began drilling wells for irrigation water

supply. By the 1960's water levels in some wells had declined enough

to concern both farmers and the Oregon water department which declared

the surrounding areas as critical ground water areas. The decline

ground water supply was the result of withdrawals exceeding the re-

charge. Statistics show that as of 1975 approximately 25,000 acres in

the Basin were irrigated from wells (Water Res. Dept. of Oregon, 1975).

A study was made by Kraynicjç and Vomocil (1976) to determine the

potential irrigated acreage within the vicinity of the Stanfield and

Westland irrigation districts (Figure 1.2). The study showed that out

of the 131,000 acres available some 35,000 acres could be irrigated

with center-pivot systems 26.7 percent of the total area. The remain-

ing area was identified as unjrrjble land. The Stanfield irrigation

districts obtain their water supply from spring runoff in the Umatilla

River and storage at Mckay Reservior above Pendleton. The two dis-

tricts divert water from the Umatilla River above the town of Echo,

and a short time after the irrigation season begins, return flows from

irrigation account for most of the water in the river below the diver-

sion points. Out of the 18,000 acres in the existing Westland and

Stanfield irrigation Districts, 15,000 acres have inadequate water to

maintain a full irrigation schedule on a sustained basis. The land

provides limited agricultural diversity of wheat, corn, alfalfa, graps,

friuts, asparagus, etc.
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in Oregon's North Columbia River Basin with sandy soils at low eleva-

tions near the Columbia River. This area will be called in this study

Hermiston area '. Prior to 1970, this area did not support any form

of crop production due to low water availability and the sandy soils.

The land was used for livestock grazing.

In the early l970's, large irrigation pumping stations were in-

stalled along the shorelines of the backwaters created by the McNary

and John Day Dams on the Columbia River. Farmers began switching dry-

land wheat and winter grazing depending only on rainfall to produce

wheat, corn, potatoes and alfalfa using water pumped from the Columbia

River. With irrigation, farmers are able to diversify their crops

and increase yields. For example, wheat production per acre increased

from 30 bushels to 120 bushels on the average.

Since early 1970's, center-pivot irrigation systems have become

quite common in the study area. These systems have the ability to

irrigate a rolling terrain and to deliver light frequent application

of water which is critical on sandy soils (Gossett and Willett, 1977).

With the advent of center-pivot systems, about 35,000 acres of sandy

desert land in the Columbia River Basin of Oregon have been developed

for potatoes production (Rizzo, etal., 1983).

Economic Prospective:

Agriculture is an important industry in Oregon with gross farm

sales estimated to be over $ 1.7 billion for 1983 (Miles, 1984). The

About 65 percent of this total was gross income from crops. Wheat,

corn (silage and grain), potatoes, and alfalfa are Oregon's most
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important agricultural products. Preliminary estimates of 1983 gross

farm sales place the above crops in the second, nineteenth, fourth,

and sixth places, with sales of 225.6, 19.6, 90.7, and 61.4 million

dollars respectively. Collectively, these four crops generated 397.3

million dollars or 23.2 percent of the total farm sales generated by

State' s agriculture.

On the county level, generated total farm sales in both Usatifla

and Morrow Counties had increased from 41.8 to 172.2 million dollars

or from 13.2 to 16 percent of the total farm sales generated by all

crops during the period from 1971 to 1981. Only Umatilla could be

counted as a major agriculture producer, placing second among Oregon's

36 Counties in total farm sales of all crops, except in 1974 and

1975 when it placed first. These figures mean that resources gener-

ated by gross farm sales of all crops in the study area (Umatilla and

Morrow Counties) have grown more rapidly than the State average over

the past eleven years.

Climate:

The Hermiston area is generally cool and temperate semi-arid with

low winter temperatures and high summer temperatures. The mean annual

recorded temperature is about 53 Fahrenheit at elevation 624 feet.

The frost-free growing season ranges from 180 to 200 days and de-

creases as elevation increases. Preciptation is as low as eight

inches annually and increases at higher elevations to the south and

east. During the growing season precipitation is less than six inches

in most of the agricultural area in the Columbia Basin (Hoist, 1978).

Average annual net irrigation requirements for wheat, corn, potatoes,
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and alfalfa at elevations ranging from 4OO - 950 feet are 25.5, 29.6,

37.0, and LiO.8 inches respectively (Vomocil, 1976). Comparing annual

precipitation and net annual irrigation requirements confirms that

crop production is deeply dependent on supplemental irrigation.

Crop Rotation Agronomy

A crop rotation may be defined as a system of growing different

kinds of crops in recurrent succession on the same land (Martin and

Leonard, 1963). The choice of a rotation for a particular farm de-

pends upon the relative fertility of the soil, climate, weeds, plant

diseases, erosion danger, the requirement of feed for livestock and

the economic conditions. Generally, a good rotation which provides

for improvement or maintenance of soil productivity usually includes

one or more cultivated crops as corn and potatoes, at least one uall

grain as wheat and a legume crop as alfalfa (Haugh and Metchalfe,

1977). Conversely, the continuous growing of row crops on the same

land results in the rapid breakdown of organic matter leaving the

soil exposed to erosion danger and loss of organic matter. This re-

sults in reduction of the water absorbing and holding capacity of

the soil. However, including deep rooted legume crop like alfalfa

improves the physical conditions of the subsoil when the underground

part decays. Characteristics such as slope, relative productivity and

previous erosion are major factors governing intensity of land use.

For example, sandy soil charateristics cause some of the major prob-

lems in producing potatoes in the study area. The sandy soil is sub-

ject to erosion and leaching losses of nutrients during irrigation,

water holding and absorbing capacity are low and relatively small
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amounts of nutrients are retained. Thus, under intensive crop pioduc-

tion, the fertility of the soils changes rapidly. Consequently, a ro-

tation with 50 percent of the land in an intertilled crop such as po-

tatoes is recommended only for the more productive soils that are

level and less subject to erosion. Rizzo, t ., (1983) conducted

a survey of 47 irrigated potato fields in the Boardman - Hermiston

area of the Columbia Basin and evaluated yield information was for

first, second, third and fourth potato production years. Potatoes

were mostly grown in two year rotation with an annual crop such as

wheat The results showed that the yields of marketable tubers de-

clined from 23.7 to 153 tons/acre as the years of potatoes produc-

tion increased from 1 to 4, clearly illustrating the comparatively

high potato yields from new ground. Decline of yields on older fields

is probably caused by factors such as verticillium wilt and other than

declining soil fertility, stem soft rot, as well as soil compaction,

r1 changes and developing nutrient imbalances. The study showed also

that potatoes production has resulted in soil depletion of some nutri-

ents such as calcium and potassium, phosphorous and zinc in older

fields. A brief description of crop rotation benefits appears below.

1. Increased Yieldsz

The preceeding crop in a rotation has an important influence on

crop yields. Increased yields of crops that follow legume crops as

alfalfa or soybean is due to chiefly the addition of nitrogen to the

soil. For example, the yields of wheat, oats and corn were higher

after soybean harvested for bay than yields after oats harvested for

grain. In fact legumes are more efficient in fixation of nitrogen
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on soils with low rather than higher nitrogen content because they ob-

tain nitrogen from the air only to the extent that supply in the soil

is insufficient. However, it is customary to grow legume crops be-

fore crops that require large amount of nitrogen. Also, preceding

crops are important under dry land conditions because of the differ-

ences in residual soil moisture left by different crops as well as

the length of the following period for moisture storage crops. Thus,

wheat yields are greater following corn as opposed to wheat or sor-

ghum because corn leaves more moisture in the soil Most dry land

crops yield poorly after alfalfa because the excessive nitrogen and

depleted soil moisture cause the crop to burn except in wet season.

Insect Contro].s

Many insects are destructive to only one kind of crop. The life

cycle is broken when other crops that are unfavorable to the develop-

ment of the insect pest are grown. The corn rootworm and sugarbeet

riematoda are partially controlled by a rotation in which corn and/or

sugarbeet are grown on the land once in four or five years.

Pest Controig

Certain pests remain from season to season in the soil, living
on plant refuse from the previous crops. When susceptible crops

are grown every year, the pests tend to accumulate to a point which

makes production unfavorable. For these pests crop rotation is

a good control measure. Some soil inhabiting parasites are exceed-

ingly resistant to control through rotation. For example, black rot

which attackes sweet potatoes; the flax wilt parasite; scabs of



cereals and. alfalfa wilt.

4. Weed Contro1

Most weeds are annual plants, unable to sprout from their roots

and dependent upon their seeds for reproduction. Cutting weeds off

close to the ground before the seeds ripen destroys them. Some weeds

are particularly adapted to cultivated crops, others to small grains

while another group thrives in meadows. Weed problems are likely to

be least severe on single crop farm. Including alfalfa in a rotation

is recommended to compete with noxious weeds. The frequent and heavy

growth of alfalfa helps prevent weeds from growing to seed and reduces

their vegetative vigor. Winter wheat often is recommended for bind

weed because it provides a fallow interval in mid summer and grows

during the season when the weed Is inactive.

5. Erosion Control z

A rotation including corn, small grain and legume crops is effec-

tive in reducing erosion In comparison with continuous corn. Also,

grass and legume mixtures in rotation are very effective in the re-

duction of erosion.

12



CHAPTER II

THEORETICAL AND METHODOLOGICAL CONS IDERAT IONS

This chapter Is intended to give the theoretical and methodolog-

ical background underlying the application of programming techniques

to the problem of crop rotation selection. Specifically, it concen-

trates on concetual Issues and mathematical formulations.

The basic problem of economics is that of allocating scarce re-

sources among alternative ends. Because of the scarcity of resources,

choice must be made. Rational choices are defined as those which opti-

mize certain objectives within the limitations of resource scarcity.

Such problems can be solved by the use of mathematical programming

given that features such as technical relationships between crops,

risk versus uncertainty, and farm income variability are counted for.

Technical Relationships Between Crops

The conceptual framework for optimum crop selection given perfect

knowledge comes directly from the theory of production. The farm man-

ager is assumed to have perfect knowledge about input prices, output

prices, and technical relationships between inputs and outputs. In

addition, it is assumed that the farmer does not have sufficient con-

trol in the markets to exert pricing influence.

In agriculture, the possible technical relationships which may

exist among crops are complementary, competitive and supplementary.

Figure (2.1) represents a production possibilities curve Involving two

crops, X1 and X2. Section AB on the production possibilities curve

13
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Figure (2.1) Complementary, Competitive and Supplementary Relationships.
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represents a complementazity relationship between crops where an in-

crease in the production of one will result in an increase in the

production of the other. For example, legume that fixes nitrogen from

the air in the soil may increase the production of wheat in the fol-

lowing year on the same land. Section BC represents a competitive

relationship between crops where increasing resources allocated to one

crop will result in an increase in the production of that crop and

a decrease in the production of the other. If crops are perfectly

competitive it implies that they substitute for each other at Constant

rate Given the physical rate of substitution between two crops and

their relative gross margins it is possible to say which of the two

crops should be grown or which combination. With imperfect substitu-

tion It is possible that only one crop should be grown for maximum

profitability. Finally, section CD represents a supplementary rela-

tionship between crops x and X2 where change in the resources allo-

cated to one crop has no impact on the production of the other crop

(i.e., marginal rate of substitution equal to zero). Both complemen-

tary and supplementary crop relationships increase the tendency of

a farm to diversify. The importance of these technical relationships

is justified by rotational reasons such as insect, weed, and plant

disease control; erosion control; improvement and maintenance of the

soil; increasing the yields; and timeliness of operations.

Risk Versus Uncertainty

Decision makers do not have perfect knowledge of input prices,

yields, and technical data. Farmers must make decisions on the crops

to be planted, seeding rates, fertilizer levels, etc., early in the
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cropping season. The crop yields resulting from these decisions will

not be known with certainty for months or even years (in the case of

pernnial crops). Many unpredictable changes can occur which may ren-

der a previously good decision to be unattractive. Stochastic factors

such as weather, plant diseases, pests, field time available, etc, lead

to alterations in planting dates, or harvesting dates. Technological

innovations or changes in public and private institutional policies

may also affect the outcome of a decision. Consequently, the assump-

tion of perfect knowledge or certainty is unsatisfactory for analyzing

many problems in agriculture,

In the economic literature, risk and uncertainty are defined by

many authors as two different phenomena. Carter and Dean (1960) define

risk as a situation where parameters of the probability distribution of

possible outcomes (i.e., the mean and variance) can be estimated empir-

ically. Uncertainty refers to a situation where parameters of the

probability distribution of possible outcomes can not be estimated em*

piricafl.y. Under these definitions, risk is a measure of variability

and can be estimated in terms of variance, standard deviation, skew-

ness, etc., from historical data on prices, yields, and income of crop

enterprises. These measures of risk are called objective historical

risk indices. On the other hand, under uncertainty, as defined above,

parameters can not be estimated objectively since the actual proba-

bility distribution of possible outcomes is not known. However, farm

managers must assign subjective personal probabilities (i.e., guess,

estimate) about the future outcomes and make decisions based upon the

range of possible outcomes and their probabilistic weightings. Further,
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these subjective probabilities vary from person to person and even vary

for the same person over time This definition of uncertainty may ex-

plain why two farm managers faced with the same problem under the same

conditions, may make two different decisions.

Anderson, et. al., (1977) argue that a pure measure of risk does

not exist since historical data may have little relevance due to emerg-

ing new diseases, varieties, etc. Historical probabilities are impor-

tant only for revising, but not replacing, subjective personal proba-

bilities. It should be noted that probabilIty distributions are some-

what subjective since they are influenced by opinions of the estimator

(Dillon, 1971).

Young (1980) argues that even though all measurement problems of

probability elicitation could be resolved, it is costly to obtain up-

to date subjective personal judgements from all relevant managers.

This obstacle may make this approach to assessing uncertain outcomes

less feasible. Another line of researchers, including Just (1971k),

Wolgin (1975), Brink and McCarl (1978) among others, have assumed that

objective risk indices computed exclusively from historical data are

good proxies for the subjective risk assessment. Many farmers who

have good. records about past detailed prices, costs and yields, as

well as new farmers, would prefer using some statistics calculated from

historical data to modify and improve their own subjective risk assess-

ment.

Sources of Risk in Agriculture:

Identifying sources of risk is an important part of the decision-
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making process in farm planning , which requires answer to questions

regarding the risks associated with selecting crop mix, determining

the levels of fertilizer to be used, etc. The relative importance of

sources of agricultural risk differ among crop activities and change

over time. The more common sources of risk ares

Production risk is due to the variability in yields caused by fac-

tors such as weather conditions, diseases, pests, genetic variations

and timing of practices. Inputs such as seed and fertilizer must be

applied before the weather is known and regardless of input level se-

lected, weather will affect the output level.

Technical risk is a consequence of imperfect knowledge about the

production function and the technical input-input, input-output, and

output-output relationships. This lack of knowledge affects the ap-

plication of economic principles, the usefulness of historical data,

and the application of mathematical procedures to farm management

problems.

Price risk is due to variability in prices which farmers receive

for their products and which they pay for production inputs. Varia-

tions in prices may be due to predictable factors such as trends,

commodity cycles, and seasonal variation as well as unpredictable

(random) factors such as changing in supply and demand conditions.

Output price variability is the more important since input prices

can usually be determined with certainty at the time a purchase is

made. Further, the time lags in agriculture may result In the price

received for a commodity being greatly different from the price at

the time the production decisions were made.

. Financial risk has become important with the increased use of
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borrowed capital to meet larger capital needs in agriculture. Yield

and/or price risk generate the risk of not having adequate cash to

meet debt repayment. A series of such events can force a farm out

of business.

Technological risk is due to rapid development of new technology

which make current production methods obsolete shortly after invest-

ments have been made.

Casualty loss risk is due to the loss of asset as a result of fire,

wind, flood, etc. Inflation can contribute to Increase the potential

value of losses.

Social and legal risks result from institutional factors such as

government laws, policies, regulations, and programs. Example include

the risk of law suits due t misuseof chemicals and risk of changes

in governmental control and regulation of insecticide and herbicide

use.

IndivIdual risk develops from unpredictable attitudes and behavior

of individuals such as bankers, suppliers, dealers and landlords. Ex-

amples Include the refusal of new loan requests during a critical pro-

duction period, a landlord who declines to renew a lease, etc.

Farm Gross Margin Variability

Risk and uncertainty cause variability of farm gross margin from

year to year. Variability of farm gross margin affects expectation

about the uncertain future as well as risky decisions regarding ex-

pansion new investments. An important assumption in planning the

whole farm is that an increase in farm gross margin is desirable while



an increase in farm gross margin variability is undesirable.

To measure farm gross margin variability a distinction must be

made between variability due to predictable and unpredictable factors.

In this regard, a basic assumption is that historical data on gross

margin consist of two additive components: a systematic Component and

unpredictable component. The systematic component is due to predict-

able factors such as inflation, price cycle, technological advance,

etc. In this predictable or trend component, consecutive observations

are positively correlated. This component can be estimated statisti-

cally as the deviation of a variable from the trend. The unpredict-

able component is due to stochastic factors such as weather, pests,

plant diseases, etc. This component is more frequently called the

random component in which consecutive observations are assumed not to

be autocorrelated with a systematic component (Mathia, 1975). This

can be illustrated by using the following equation:

Ct = Xt + et (2.1)

where:

series of gross margin observations;

systematic component;

et = random component;

t observation number.

The random component is defined as a measure of deviations around

the value expected. This deviation from the value expected is the dif-

ference between what farmer expect will happen and what actually oc-

curs. Thus, the random (risk) component is defined as:

20



e = C - C (2.2)
t t

where C is the mean (i.e., the value expected).

Several studies have shown that variability of farm gross margin

due to unpredictable factors is the only important component in farm

planning and crop selection (Carter and Dean, 1960; Mathia, 1975;

Brink and McCarl, 1978; and Smith, 1972). This has led researchers

in farm planning to isolate the random component from the trend compo-

nent.

There are several methods for separating trend from time series

and susequently from the objective measures of risk have been describ-

ed in the literature. These include:

1 Linear time trend and first differences;

Average of the first differences;

Variate difference method and polynomial time trend;

1+. Identifying random element in the previous year;

Moving average;

Deflating a time series by some general index;

Other regression models.

A detailed discussion of the above detrending methods are pro-

vided by Carter and Dean (1960); Young (1980); and Calvin (1979).

Young also provided a summary of 1k past studies which included infor-

mation on the type of historical data used, trend removal method(s),

absolute and relative variability formula, etc.

Measurement of Variability of Individual Crops:

The degree of gross margin variation of individual crops is the

21
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major source of farm grose margin variability. The degree of varia-.

tion differs from crop to crop. Relative stability of farm gross

margin can be acheived by selecting crops that vary little from year

to year.

In applied research, a popular measure of variations in gross

margins of individual crops (i.e., objective measure) is the variance

or standard deviation. Variance may be defined as the average squared

deviation around the mean, given equal probabilities for all observa-

tions, i.e.,

v(c)
=

Standard deviation is the square root of the variance. In small sani-

pie it is conventi&I to apply a correction factor, dividing by (n-i)

instead of n This variance measure can be converted into a relative

measure by dividing by the mean. For example, the coefficient of

variation (cv), is a fraction of the mean gross margin, and may be

defined as

cv(c) = (C) / ö (2.4)

CV may be viewed as a measure of the riskness of gross margin relative

to its mean. This measure of risk depends on the value expected and

the manner of measuring the differences between the observations and

the value expected. Thus, a high coefficient of variation indicates

a high risk situation.

One advantage of the standard deviation is that given normally

distributed observations, confidence limits can be attached to ranges
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of values on each side of the mean. For example, ninety percent of

gross margin observations are likely to fall within a range of plus

or minus 1.657 standard deviations. In this context, reduction of

variability is not necessarily a sound objective in itself but must

be related to expected levels of mean minimum return. Confronted

with such a choice the decision maker has to trade off the advantages

of higher income against the disadvantages of greater variability and

lower minimum income.

Choice of the Relevant Expectation Model:

Choice of the relevant expectation model is highly important in

calculating the objective risk measures. In calculating the expected

value of gross margin, C, farmers may consider the data prior to

a certain point in time as irrelevant. Thus, measuring average gross

margin based on the last few periods could more closely represent the

gross margin currently expected by farmers. Consequently, the risk

component should be calculated as a deviation from a relevant expecta-

tion rather than from the long run mean.

An appropriate expectation model should capture realistically the

decision making process by meeting the following criteria (Calvin,

1979):

Only data available to the farmer at the time the expectation is

formed should be used;

It should involve a limited time period;

Recent events should be given more weight;

I. It should not include data based on subjective judgement;
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It should be revised frequently to distinguish it from the random

component;

It should be simple enough to be usable by farners.

Measurement of Correlations and Covariances;

Correlation may be defined as the degree of linear relationship

existing between crops. It implies both the direction and the rela-

tive strength of relationship between crops. Gross margins per acre

for two crop activities are positively correlated if they tend to

change together in the sante direction. Conversely, they are nega-

tively correlated if they tend to change in the opposite direction.

The limits over which a correlation coefficient can range are + 1..

As we move towards zero from + 1 so the strength of the association

weakens until at zero there is no discernable relationship.

The immediate problem encountered in estimating a correlation

coefficient from the historical data is the possibility of a time

trend. The longer the series of data the more likely the presence of

trend. Since a time trend can be estimated by statistical procedures,

the change in a variable resulting from trend can not be considered

unexpected variation as is the case in random variation, Accordingly,

the data will generally have to be adjusted for trend, as described in

the preceding section, and the relevant correlation coefficients are

Computed from the random element.

The correlation coefficient between gross margins of crop activ-

ities j and k may be computed as follows:
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where:

k
correlation coefficient of gross margins per acre for crop

activities j and k;

covariance coefficient of gross margin deviations per acre

for crop activities j and k where j

CJ standard deviation of gross margin deviations per acre for

crop activity j;

k = standard deviation of gross margin deviations per acre for

crop activity k.

Reduction of farm gross margin variability through diversifica-

tion can be achieved by combining crops with negatively correlated

gross margins. On the other hand, positively correlated crops have

less potential for reducing farm gross margin variability. The simple

correlation coefficients for n cropactivities can be summarized in

a correlation matrix, R. A correlation matrix is a symmetric positive

definite matrix and may be described in matrix notation as follows:

R = Q D'D Q (2.6)

where:

R = nxn correlation matrix;

nxn diagonal matrix containing on its main diagonal the

elements 1/(n-1) Sj;

Si = sample standard deviation;

D nxr matrix of gross margin deviations;

D' rxn transpose matrix of D;

D'D = nxn cross product of gross margin deviations.
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k

(2.5)



The covariance coefficient between gross margins of crop activities

j and k can be derived from equation (2.5) as follows:

Farm gross margin variability of two crops can be reduced if the

covariance of the two crop activities is less than either individual

variance. Similarly, the covariance matrix, V may be obtained by

premultiplying and postntultiplying R by a diagonal matrix composed of

the standard deviations of each crop activity. The covariance matrix

notation is as follows:

v=

a =jk ci .a 0jk

a1

0

0

a
n n1

ln

1

a1

0

0

a
11

(2.7)

(2.8)

where:

V Variance-covariance matrix;

standard deviation of the jth crop activity where jl,2,.,n

jk = simple correlation coefficient of gross margin for crop

activities j and k where k1,2,..,n

n = number of crop activities.

The elements along the principle diagonal are the variance of gross

margin per acre for each crop activity and the remaining elements are

the covariances. The variance-covariance matrix is a symmetric posi-

tive semidefinite. It contains n variances and n(n-1) covarlances

(Intrilhigator, 1971).

On the other hand, when there Is no significant evidence of
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existing trends in the data, all deviations from the long run mean

are considered random or unpredictable and the relevant correlation

is between the original series. Carter and Dean (1960) estImated net

income correlation coefficients between selected crop combinations in

major farming areas of California. They found that the correlation

coefficients obtained by the variate difference method were much lower

than tho e derived from the original series. The actual data on net

incomes of crops tended to be highly correlated because the major eco-

nomic influences such as inflation, price cycles, wars, technology,

etc affect most crops similarly.

Diversification Principle:

In recent years, farmers have tended to become less diversified

and more specialized since they can improve efficiency in the produc-

tion of a single crop. However, many farmers still follow the old

adage "don't put all your eggs in one basket". In farm management lit-

erature, there are many arguments in favor of diversification. Doll

and Orazem (1978) defined diversification as growing two or more crops

in an attempt to reduce income variability of a simple crop. Heady

(1952) argued that diversification Is one of the precautions against

income variability. It helps to reduce farm income variability by

sacrificing some of the income in the short-run and gives a steady

year to year flow of income to assure long-run maximization of farm

income. If the price of one crop falls, another may remain constant

or increase in price. A poor crop year for one crop may be accompa-

med by a good crop year for another. The more these values tend to

move in opposite directions, the more income variability will be



reduced by diversification.

Effective diversification as a mean of reducing farm income vari-

ability depends on three factors: variability of individual crop rev-

enues; degree of correlation of the crop revenues being considered;

and proportions in which they are combined. One way of implementing

diversification is to redistribute a fixed quantity of a resource such

as land from crop activity Xl to crop activity X2. The equation for

the total farm gross margin variability can be shown as follows:
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2 2 2 2 2
a a +p a +2P P p a a
T xl xl x2 x2 xl x2 xlx2 xl x2

(2.9)

where:

a2 = total variance of gross margins from crop activities

Xl and X2;

and the proportions of land distributed to crop activities

Xl and X2;

a and a = the standard deviations of gross margins from crop acti-
xl x2

vities Xl and X2;

xlx2 = the correlation coefficient of gross margins between

crop activities Xl and X2;

Xi = original crop activity;

X2 added crop activity.

In general, if p 1.0, adding a greater proportion of crop activity
2 2 2

X2 will reduce a only if a < a . Also, as long as p c 1.0,
T x2 xl

will decline if a
2

a
2

x2-. xl

By allocating half of the land from crop activity Xl to crop acti-

vity X2 the above equation becomes:



2 2 2a = 0.25 a + 0.25 0 + 0.5 0 a a
T xl x2 xlx2 xl x2
2 2 24o =a +a +20 a a
T xl x2 xlx2 xl x2

2 2 2 2
However,

0T ; 0 1ff 0x1 + ax2 + 2 0x1 x2 0xl ax2 / - 1

If the ratio is equal to one, diversion of one-half the total acres

into crop X2 results in no change in total gross margin variance; if

the ratio is greater than one, total gross margin variance is in-

creased; if the ratio is less than one, total gross margin variance

is decreased. Diversification always leads to a reduction of the

total variance of the combined crop activities in the following cases:

Case 1: If variance of the added crop activity less than the variance

of the original crop activity, 1.e., a2 < In this case

the total variance,
0T' is always reduced regardless of the

gross margin correlation.

2 2 2Case 2: If P = 0; is reduced
0x2 < 0x1

2
2 2 2Case 3: If = 1.0; is reduced 1ff 0x1 + 02 + 2

xl x2 °1 02 <
2 2 2 2Case 4: If p = -1.0; a is reduced 1ff a + 02 - 2

xl x2 01 0x2 < 40T

Linear Programming Model

Linear programming is a mathematical optimizing procedure for max-

Imizing or minimizing a linear objective function subject to a set of

linear Inequality constraints, including the requirement that the

values of all activities be non-negative (Henderson and Quandt, 1958).
It can be applied to a wide range of problems in agriculture from

solving minimum cost feed ration problems to selecting optimum profit

farm plans (activity analysis), Further, it is a potentially useful

tool when a decision has to be made repetitively using the same type
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of data as feed mixing or when data changes continuously but the basic

formulation of the problem remains unchanged as in allocation problem.

The usefulness of linear programming lies in its use for pre-

scription, prediction, description and/or interaction setting. In

terms of prescription, an operational decision maker may use a linear

programming model in order to receive guidance in making a decision.

Similarly, a researcher may use it as a technical device to find feasi-

ble strategies (McCarl, et al,, 1977). In terms of prediction, linear

programming may be used in a conditional normative setting to predict

what would happen in response to a given stimulus assuming the model

is correct In terms of description, linear programming can be used

as a descriptive modeling framework. Finally, in terms of interaction

setting it can bring together technical as well as decision personnel

to stimulate a creative working relationship (McCarl and Nuthal, 1982).

In whole farm planning, alternative enterprises compete for the

farmer's limited endowment of land, labor and capital in the form of

machinery, fertilizer, seed, etc. Consequently, farmers make deci-

sions concerning which enterprises to adopt, what methods of produc-

tion to employ in each enterprise, and what amount of resources to al-

locate to each enterprise (Anderson, etal., 1977). The problem in

this study is to find the plan for crop rotation activities which

achieves maximization of an objective function subject to the endow-

ment of land, rotation constraints, and technical requirements between

land and the enterprises.

The linear programming problem has three componentsz the linear

objective function, the activities and the restrictions. The general



where:

Z the value of the objective function;

C = lxn vector of gross margins per acre of the n activities;

X = nxl vector of farming activities;

A = inxn matrix of technical coefficients of resource usage;

B = mxl vector of initial resource endowments;

n = number of activities;

in = number of constraints.

The constraints ensure that the production program, AX, does not

exceed the available resources, B. These constraints reflect the

interrelationships as well as the competition between activities for

limited available resources. The last constraint (x > 0) is the non-

negativity constraint. It states that no activity, X, can be in the

farm plan at a negative level.

Assumptions of Linear Programming:

To formulate an economic problem within a linear programming

framework as described above, the following assumptions must be sat-

isfied: 1) proportionality, i.e., all activities must be linearly pro-

portioned so that each additional unit of an activity requires the

same quantity of the variable inputs used in predicting units;
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formulation of linear programming can be specified as follows:

Maximize Z CX (2.12)

Subject to AX B (2.13)

And X 0 (2.14)



additivity, i.e., no positive or negative interaction may occur

among activities. When two or more activities are produced simulta-

neously, the total output will be the sum of their individual outputs;

divisibility, i.e., resources and activities can enter the solution

in fractional units; and 1) single value expectation, i.e., all para-

meters of the objective function and constraints are assumed to be

known with certainty. An extensive discussion of the implications of

the above assumptions in relation to the application of the linear pro-

gramming model is given by Heady and Candler (1958).

Kuhn-Tucker Conditions for Constrained Linear Programming Problem:

The use of linear programming models in agricultural optimization

problems is based on their correspondenôe with the theoretical economic

behavior of the farm. This correspondence can be illustrated by re-

viewing the conditions required for optimization of the Lagrangian

function of the linear programming problem which is expressed as fol-

lows:

L (x , A) = C'X + A(B - Ax) (2.15)

where is a mxl vector of shadow prices. The remaining terms are as

defined before. The Kuhn-Tucker conditions for economic optimization:

(c'-AA)x = 0 (2.17)

(B-Ax)> 0 (2.19)
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C' - A A < 0 (2.16)

X >0 (2.18)
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A(B-AX) = 0 (2.20)

A 0 (2.21)

The economic interpretation of Kuhn-Tucker conditions involves the

simultaneous optimization of output levels (x) and the implicit valu-

ation (A) of resources. Equation (2.16) requires that the marginal

contribution of each crop to the farm objective (i.e., marginal re-

source) to be less than or equal to the marginal cost (implicitly de-

termined) of producing that product. Equation (2.17) in conjunction

with equations (2.16) and (2.18) states that if the marginal resource

is equal to or less than marginal cost the crop is not produced.

Equations (2.18) and (2.21) require crop levels and resource values to

be non-negative, a requirement consistent with real world and market

characteristics. Equation (2.19) limits input use to the level of en-

dowment. Equation (2.20) in conjunction with equations (2.19) and

(2.21) requires that non-scarce inputs have zero marginal valuation

(i.e., x = 0), since they do not limit output.

The literature on the subject of linear programming both with re-

spect to its theory and application is extensive. However, a detailed

review of linear programming can be found in Heady and Candler (1958),

or Hillier and Lieberman (1980). A clear treatment of the relation-

ship between marginal Jysis and linear programming is given by

Dorfman (1951).

The Expected Income-Variance Approach

In the whole farm planning context under risk, the three basic

assumptions in the expected income-variance (E-V) approach are: risk



is considered only in relation to each activity's expected gross

margin, C, with nonstochastic constraints; the farm manager's utility

function is assumed to be quadratic, or exponential over a multivaria-

te normally distributed set of expected gross margins for all activi-

ties; and risk is insignificant with respect to wealth (Tsaing, 1972).

The latter assumption implies that the farm manager's utility function

can be completely assessed in terms of the first two moments (I.e., the

mean and variance) of the gross margin distribution for all activities.

This is so because any moment higher than beyond the second moment

will be nonsignificant according to the central limit theorem

(Anderson, etal., 1977, P. 193). Consequently, the iso-utility

curves are convex from below, which implies that the farm manager is

a risk averter. He would prefer higher expected gross margin, E, as

variance, V, of gross margin increases, i.e., dE/dV > 0; and the com-

pensation must increase at an increasing rate as the variance, V, in-

creases, i.e., d(dE/dV) / dV > 0 (Ganguly, 1980).

The objective of the E-V approach is to generate the so called ef-

ficient frontier and then to select an optimal farm plan of production

activities from the set of efficient risky production activities (crop

rotation activities in our case), i.e., a plan which maximizes the

farm manager's utility. To illustrate the principle of risky farm

plan selection empirically, we assume a farm manager whose utility

function is quadratic so that the mean and variance are the only para-

meters relevant to his risky choice. He aims to allocate a fixed

amount of scarce land resource among n risky crop rotation activities,
/

X.. The problem is thus to find a set of values of X that maximizes/
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where:

X. = level of land allocated to crop activity j

C = expected gross margin per acre for crop activity j;

covariance of expected gross margin per acre for crop

activities k and j

a = variance of expected gross margin per acre for crop
ii

activity j;

P = correlation coefficient of expected gross margin per
kj

acre for crop activities k and j;

a standard deviation of expected gross margin per acre

from crop activity j;

= standard deviation of expected gross margin per acre

from crop activity k
n

Then, X. > 0 and Z X. < Z, where Z is the total units of land- j=l 3 -

available. Other restriction may be placed on X as needed to meet

crop rotation or other economic or agronomic restrictions.

If the farm manager has a risk averse quadratic utility function

such as:

U = E +bE2 +bV
; b > 0 (2.214W)

Or
n n

E p a
k=lj=1 kj k j k

(2.23a)
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his utility function. The E-V approach can be expressed algebrically

by the following equations:

n
Activity expected gross margins E Z C4 X. (2.22)

J=l
"

n n
Variance of activity gross margins V = E Z a X X (2.23)

k=lj=l i i
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where b is the risk aversion coefficient, then substitution of the

above expressions for E and V into U gives a quadratic utility func-

tion in as:

U = E C X + b (E cx)2 + b
kj

Xk Xi (2.25)

= C X + b (z c.x)2 + b Z E PkJak
j

X X (2.26)

The E-V solution procedure can be formulated as a quadratic programm-

ing problem and the solution for the E-V frontier may be obtained us-

ing a quadratic programming algorithm.

Diagrammatically, the situation is as depicted in Figure (2.2).

The opportunity set of feasible farm plans lies on and below the curve

AR. Farm plans that lie on the AR curve are superior to those which

lie below and to the right of the curve i.e., give the same or less

variance, V, with greater expected gross margin, E, or vice versa.

Only farm plans on the curve AR are efficient in the sense that they

constitute combinations having minium variance, V, for given expected

gross margin, E, or minimum expected gross margin, E, for given varia-

nce, V. The curve AR is called the efficient frontier or the effi-

ciency locus (set) in an (E,v) portfolio. Any farm manager whose pre-

ference among the feasible portfolios reflects a positive preference

for activity expected gross margins, a negative preference of varia-

nce and indifference to other factors will prefer those farm plans to

any others. For the risk averse farm manager with iso-utility curves

convex from below e.g., U1, U2 and U3 where U1 > U2 > U3; optimal

choice is represented by the portfolio corresponding to the point C on

the efficient frontier AR. This protfollo gives the farm manager the



Variance (v)

Figure (2.2) An Illustration of E-V Portfolio Analysis
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highest obtainable level of utility where AB is accurately specified.

For more discussion of different types of frontiers and different rAeth-

ods of deriving them see Anderson et a].., (1977).

Because of difficulties encountered in specifying utility func-

tions in terms of E and V, the relability of the estimated E and V

parameters are questionable. However, researchers assume that gross

margins for production activities follow a multivariate normal distri-

bution so that gross margins can be expressed in terms of only the mean

and the variance. These statistics are commonly estimated from trend-

corrected historical data, (Anderson, et a].., 1977) or from cross sec-

tiona]. data (Hazel, 1971). The former approach is more common.

Quadratic Risk Programming Model

The conventional linear programming model assumes that activity

expected gross margins are known with certainty (deterministic). This

certainty assumption could lead to unacceptable risky farm plans. The

resultant farm plans could reflect overly specialized cropping pat-

terns, overestimates of the output levels of risky enterprises and

hence overestimates the value of important resources as land and Ir-

rigation water (Hazefl, et al., 1983). A quadratic risk programming

model relaxes the certainty assumption and assumes that activity ex-

pected gross margins are uncertain (i.e., stochastic). Anderson,

et al,, (1977,, p. 161) claimed that " if a producer is a risk averse,

risk acts as a friction to production and induces lower level of re-

source use than would otherwise prevail; if a producer prefers risk;

the reverse occurs ". In addition, there is considerable evidence to

suggest that farmers behave in risk averse ways (Roumasset, 197k).
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Thus, incorporation of a risk aversion coefficient in the programming

model could expect to result in somewhat more realistic solutions.

The pioneering work on this topic was done by Markowitz (1959),

who analyzed stock portfolios. He observed that investors behaved

such that only a proportion of their funds were put in the investment

with the highest expected return. They diversify their funds whereby

they took less expected return in an attempt to reduce variance of re-

turn. In a farm planning context, Maz*owitz's E-V approach is appli-

cable to many diverse agrlcultuia3. decision problems whereby a choice

must be made among protfolios with uncertain outcomes. These portfo-

lios may consist of production, investment and financing activities.

The original formulation of the Markowitz quadratic programming

lem was as follows:

Minimize X' S X (2.27)

Subject to cx = A ( = -°to +OD) (2.28)

AX < B (2.29)

And X 0 (2.30)

where:

X nxl vector of activities;

C = lxn vector of expected gross margins of the n activities;

A the expected income;

S mxn variance-covariance matrix of gross margins of n activ-

ities;

X 'SX = quadratic term and most frequently a symmetric negative

semidefinite (concave) matrix;



A = mxn matrix of technical coefficients of resources use;

B = mxl vector of resource endowment;

n = number of activities;

in = number of resources.

where A is parameterized from - coto + or maximum income, In this

technique we add expected gross margins term, CX, to the objective

function so the general formulation of the problem becomes:
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where X, C, A, S, and B are as defined before. The objective function

consists of a linear term, CX, minus a quadratic term, X'SX, times the

expected income, A, subject to some linear resource constraints. Con-

sequently, the problem becomes one of maximizing activity expected

gross margins subject to parametric restrictions on the quadratic term.

The advantage of this formulation is that A is a function to a large

degree of the decision makers preference between activity expected

gross margins and variance. When A is zero we will have standard

linear programming problem with the usual assumptions of risk neutral-

ity and the quadratic term, A X'SX, in the objective function will

disappear. Then the value of the objective function is greater under

risk neutrality than under risk averse behavior. Consequently, moor-

poratjng risk averse behavior may lead to a different solution (allo-

cation of land). When A is not zero we have a quadratic programming.

By parameterizing A from zero to positive infinty a set of efficient

Maximize CX - A X'sx (2.31)

Subject to AX B (2.32)

And X > 0 (2.33)
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(E-V) portfolios can be obtained and an efficient frontier can be gen-

erated. A reasonable number of efficient portfolios can be listed in

an appropriate way. Hence, a farm manager is able to make his choice

on an inspection basis.

Associated with the quadratic risk programming solution are activ-

ity levels, marginal activity costs, resource disposal levels, and re-

source shadow prices. These items of Information are Interpreted In

the same manner as in a linear programming problem

Advantages and Limitations:

The preceding discussion has dealt with a quadratic risk pro-

gramming formulation which allows for first order interactions among

activity expected gross margins (i.e., profit). The basic reason for

the quadratic risk programming formulation is to trace out the effi-

cient set of solutions that minimizes variance in profit via diversi-

fication. In that regard, it Is potentially relevant whenever activ-

ities In the objective function are interrelated In contrast to the

conventional linear programming formulation which Ignores these inter-

relationships. Consequently, conventional linear programming promotes

specialization in a few activities due to both maximization of expected

value criteria and properties of basic feasible solution.

The difficulties with quadratic risk programming applications in

agrIculture include computational complexities due to lack of access

to a special computer algorithm with the desired features and capacity,

deficiencies in data as well as a failure to utilize elicited joint

distributions (Anderson, etal., 1977). Difficulties with quadratic
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risk programming are best avoided by using linear programming formula-

tions that take account of the stochastic nature of activity gross

margins. These formulations include the game theory approach which

incorporates game theory decision criteria into programming formula-

tion (Mclnerney, 1969; and Hazell, 1971), the focus loss approach

which uses constraints on maximum admissible loss (Boussard and Petit,

1967; and Boussard, 1971), and minimization of the total absolute devi-

ation approach which uses mean absolute deviation in place of variance

as a measure of risk (Hazel?, 1971).

Mininization of Total Absolute Deviation - MOTAD - Model

M(YAD refers to minimization of total absolute deviation. The

idea is credited to Markowitz (1959) but the approach was developed

and proposed by Hazel? in 1971. Since then, the MOTAD model has been

widely used by Hazel? and Scandizzo (1974); Hazel?, et a?., (1983);

Simmons and Pomereda (1975); Gebremeskel and Shumway (1979); Shurle and

Erven (1979); Pomereda and Samayoa (1979); Mapp, at a?., (1979);

Apland, MeCarl and Miller (1980); Ganguly (1980); and others. This

approach closely parallels the quadratic programming approach, except

that total absolute deviation rather than variance is minimized. It

gives remarkably similar results to those obtained by quadratic pro-

gramming, but without the need for a non-linear programming algorithm

(Mapp, et a?., 1979). Consequently, MOTAD is an alternative approach

to studying the effect of risk at the farm level.

Following Hazel? (1971), the mean absolute deviation of activity

mean gross margins can replace the variance In quadratic programming

model as a measure of risk such that the mean absolute deviation can
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be min.tmized for a given level of activity expected gross margin or

maximizing expected activity gross margin for a given level of mean

absolute deviation. The mean absolute deviation, N, may be defined

symbolically as:

S TI

N 1/s E E (c.-c)x
r=lj=l rj j j

where:

s random sample size;

Crj the rth gross margin observation per acre r1,2,..,s

of the jth crop activity;

C the sample expected gross margin per acre

of the jth crop activity.

where N is an unbiased estimator of the population mean absolute gross

margin deviation. Total absolute gross margin deviation is defined as

A = SM, where it is sufficient to minimize SM instead of N, since 1/s

(2.34)

where:

X.., a., Bi and C. represent the jth activity levels, ith resource

requirement in the jth activity, resource availability and gross

margin expectation of the jth activity, respectively.

Drj the difference between the rth observed gross margin and

is a constant The MOTAD model can be formulated as follows:

n +
Maximize z

j=1
C. X. - (dr + d)

3 3
(2.35)

Subject to
j=1

n

a X B
ij j i

+ -

i=1,2,..,nt (2.36)

Z
j=1

D X - d + d 0
rj j r r

r1,2,..,s (2.37)

+ -

And X , d , d > 0j rr j1,2,..,n (2.38)



the gross margin expectation of the jth activity = Crj_ Cj;

A = a coefficient of risk aversion;

dr = z (Cri - c) X is the total positive gross margin devia-

tions of the rth observation around the mean in the sample

data summed over all risky activities;

dr Z - c) X is the total negative gross margin devia-

tions of the rth observation around the mean in the sample

data summed over all risky activities.

Hazell (1971) noted that for any random variable, the sum of pos-

itive deviations,around the mean is always equal the sum of the nega-
+

tive deviations, Z d = £ d Since total absolute deviation is
r r

a symmetric measure of deviation then minimizing total negative devia-

tion, TND, should give the same answer as minimizing total absolute

deviations, 2 Z d
r

+ d). This finding lead Hazell (1971)

to suggest an alternative or modified formulation for the MOTAD model.

The specific version of the MCYI'AD model which will be used in

this study is (total positive deviations, TPD, ):

Maximize

Subject to

n +
Z CX -AZ d (2.39)

j=1 i i r

j1
a. X. bi il,2,..,m (2.1O)

n +
Z D X. - d < 0 r1,2,..,s (2..1)

j=1 rj j r -

+

X , d > 0 j1,2,..,n (2.Ll.2)

j r

r1 , 2,. . , S

The above formulation can be solved by a linear programming algorithm

and will provide the sane answer as the MOTAD model The objective

4i



function is the expected gross margin for all activities, E C X, in-

cluded in the model less the risk aversion coefficient, x, times the

total positive deviations of gross margin for all activities, E

The term d is a weighted measure of risk. The objective function
-

includes 1/2 E (d + d ) = 1/2 SM rather than SM and it includes n+s
r r

activities rather than n+2s but both formulations have ms constraints.

This modified version of McYIAD is more efficient than WYI'AD in terms

of computer calculation needs.

Standard Deviation as a Measure of Risk:

The MCAD model measure risk as total absolute deviations in the

sample data. Hazel]. showed that absolute deviations and/or total pos-

itive deviations around the mean can be converted into an estimate of

the standard deviation in two steps:

1. Converting the total absolute deviations and/or total positive

deviations into mean absolute deviation; and 2) converting mean

absolute deviation into standard deviation by multiplying by a correc-

tion factor. The above can be illustrated algebrica].ly as follows:

For MOTAD

For TPD

where:

+ -
Standard deviation 1/s z (d + a ) (2.li3)

r r r

+
Standard deviation = 2/s E drr

(s ¶/2 (s_1))hhi.e.,
the Fisher correction factor which

converts mean absolute deviations to standard deviation;

s number of observations in the sample data;

¶ = constant term equal 22/7.
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Several research studies have used this approach to obtain esti-

mates of standard deviation (Brink and McCarl, 1978; Schurle and

Erven, 1979; Mapp, et al., 1.979; among others). Risk aversion para-

meters have then been interpreted as one tail Z values from the normal

distribution tables and confidence limits can be placed on gross

margin (Hazell, et al,, 1983); Hazell and Scandizzo, 19711.; Simmons and

Pomereda, 1975). Consequently, a probability statment about obtaining

specified level of income for a given level of expected income at dif-

ferent probability level can then be drawn.

Based on the assumption of normality, Hazell (1971) argued that

the MOTAD model recognizes the interrelationship between activity

gross margins. However, the quadratic programming model and MOTAD

model will give the same answer in terms of the standard deviation as-

sociated with the efficient farm plans. Consequently, any deviation

in the results from the two models for the same sample data will de-

pend upon differences in the relative efficiency of the two estimators.

Thomson and Hazell (1972) have used a Monte-Carlo experiment to com-

pare the relative efficiency of the estimated mean absolute deviation,

MAD, using the MOTAD model to the estimated variance using the quad-

ratic programming model. They found that MAD is relatively more ef-

ficient with normally distributed samples and has a low income cor-

relation; it also performed better when non-normally distributed (i.e.,

skewed) samples were used.



CMAFER III

DEVELOPMENT OF CROP ROTATION MODELS

Introduction

This chapter addresses the problem of crop rotation selection

under perfect and imperfect knowledge of prices, yields, and costs of

production. The major task is to develop a crop rotation aodel uti-

lizing linear programming techniques to select optimum crop rotations

and the proportions of land resource allocated to each. The major

criteria Influencing the selection of optimum whole farm crop rota-

tions from among the alternative crop rotation activities are farm

gross margins maximization and risk avoidance. The incorporation of

risk averse behavior will be done by the use of a M(11AD formulation

model On the basis of this theoretical model, an empirical crop

rotation model has been built which portrays a series of farm crop

rotations on efficient E - 0 frontiers.

The purposes of this chapter are to: 1) develop arguments perti-

nant to the time element as it will be modeled; 2) describe the risk-

free crop rotation model; and 3) descrIbe additions to make the model

a risk averse crop rotation model.

The Problem of Time

Time is an Important factor In farm planning. The Importance of

time is due to the effects of activities which influence the economic

structure of a farm beyond one time period and the variability of farm

gross margins over time due to fluctuations in prices and yields.

11.7
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Ignoring the time factor results in unrealistic farm plans. Therefore,

it is necessary to introduce explicitly the influence of the time

element on the structure of the problem.

One of the many ways in which the time element is relevant in

farm planning is in the treatment of a rotational sequence as a single

activity. It is possible in a linear programming analysis to combine

several activities undertaken in successive time periods into one

activity. This procedure requires activities to have some fixed rela-

tionship with each other such that one activity per unit undertaken

in one period requires the adoption of the same level of each of the

other activities in the other periods (Throsby, 1962).

Disequilibrium - Equilibrium Concepts

With regard to time, linear programming models can be classified

as equilibrium or disequilibrium models. Before begining a discussion

of such concepts we should acknowledge that the purpose of this sec-

tion is designed to provide an introduction only; a detailed discus-

sion is beyond the scope of this study.

Disequilibrium models are multiperiod models. They can be clas-

sified as disequilibrium with known or unknown life. The former type

arises when resources are committed over a number of time periods to

activities which are present over several periods. A formulation of

this problem must consider resource availability in each period, act-

ivities in each period both new and continuing, the time preference

of income, and initial and terminal conditions. The unknown life

model arises when we are uncertain as to how long an activity should
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be kept. A formulation of an unknown life model must consider whether

in a particular year a particular activity should be continued or ter-

minated, This model is more realistic than the earlier model since

it allows the life of an activity to be terminated when optimal. The

realism comes at a price. The number of activities has to be multi-

plied by the maximum age of the crops and the number of constraints

has to be expanded by n(T-i)(1(-1) where n is maximum age of an act-

ivity. So, this model is potentially much larger.

Equilibrium models are single period models. They provide an

alternative to disequilibrium models which are relatively larger with

many constraints and activities and in addition present difficult task

in constructing the initial and terminal conditions. In an equilibrium

model, a farm is assumed to be in a steady state equilibrium repeat-

edly making the same decisions in each and every future period. In

such a case initial and final inventories of in-process goods will be

equal and their optimal levels will be determined by the model. This

will also lead to a smaller model as only a single year of an activity

needs to be modeled. Further, when a model reaches an equilibrium it

implies that the resources available to the model must be in equilib-

rium. Thus, the same amount of resources are available on a continu-

ing basis. Similarly, resource usage of an activity must be constant.

These assumptions rule out the use of this model when examining cases

with non-renewable resources. The assumption of repeatability implies

that the plan at any point in time must be repeatable. For example,

for an activity which lasts n periods, the solution will have 1/n

units of the activity in each stage of Its life. Finally, equilibrium
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solutions do not portray growth situations or time paths of adjustment.

Rather, only final equilibriums are created.

Given the objectives of developing procedures for the selection

of optimum crop rotation plans under perfect and imperfect knowledge

of prices, yields, and costs of production, an equilibrium one year

crop rotation model is adopted in this study rather than a disequilib-

riuin model. Swanson and Fox (195L1.)i and Peterson (1955) presented

early forms of equilibrium known life span models. Throsby (1967)

formalized the approach to be used with the aid of average budgets or

rotational budgets in a single year series.

An Equilibrium Risk Free Crop Rotation Model

The risk free crop rotation model to be developed is an equilib-.

rium one year model, The farm is assumed to do the same thing year

after year. Only a single year of activity needs to be modeled. Con-

sequently, the analysis is static and is relevant to the long run deci-

sion as to which crop rotation to adopt as a fairly permanent practice.

It does not bear on problems of possible year to year deviations in

plans due to weather or economic conditions experienced in a particular

season or year (Hildreth and Reiter, 1951).

The basic model maximizes farm gross margin by ascertaining the

optimum allocation of available land. It gives special considerations

to the time element entering the decision making and resultant optimum

crop rotation selection processes. It is assumed that the crop rota-

tion chosen in the current year will be repeated in every future cycle.

For example, a three year wheat-wheat-potatoes rotation would be re-

peated every three years on any given parcel of land. A farmer who



51

adopted this rotation could divide his crop land into three subparcels

and start some of his land at each stage of the rotation. It will also

be assumed that: a) the available land is homogeneous and b) certainty

exists with regard to gross margin coefficients. The effect of relax-

ing the certainty assumption will be seen in the MOAD model section.

Model Activities:

The activities of the equilibrium one year crop rotation model

fall into four categories, wheat rotation activities, corn rotation

activities, potato rotation activities, and alfalfa rotation activit-

ies. They are defined by initial crop and time periods. Two options

can be considered in the developuent of crop rotations. The first

option defines complete rotation in activities. The second option

gives separate crop rotation activities and lets the model form the

rotation. In this study, the second option is followed. The linear

programming model considers all possibilities and selects the best

ones to form the rotation.

Model Constraints:

There are three types of constraints built into the model. These

constraints are land constraint, rotation constraints and non-nega-

tivity constraints. A brief description of these constraints appears

below.

1. Land Constraint:

The principal resource restriction in the model is the acreage

available for producing the specified crop rotation activities. The



where:

Xkl acreage of crop i which is planted when it was preceded

by crops j, k and 1 in three preceding years;

i = indexes current crop in rotation;

j = indexes first preceding crop in rotation;

k = indexes second preceding crop in rotation;

1 = Indexes third preceding crop in rotation.

2. Rotation Constraints:

The rotation constraints represent all possible combinations of

the original crops considering all possible three year progressing

rotations. Each constraint restricts the amount of land use required

for planting the current crop in rotation activities to be less than

or equal to the amount of land available from the required preceding

crops. Thus, they may be considered as supply-demand balances. The

rotation constraints can be illustrated by the following equation:

ZE EX
I j k 1

ijkl
=1
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total land restriction was set equal to one acre. This land restric-

tion constraint ensures that only one acre land will come into the

solution. Thus, each individual crop activity in the optimum solu-

tion will be a fraction of an acre. Assuming a linearly homogeneous

production processes, the results can then be extended to any size

of operation by multiplying by total acreage. The land constraint

is represented by the following equation:

(3.1)

- + EX <0 forallijk
1 ijkl 1 lJ, (3.2)



where:

- Z amount of land planted to crop i which was preceded
1 ,jk

z

1

Xr =
l(Ljk

by crops j, k and 1 in three preceding years across

all crop 1 activities. This equals the sum of the

acreage which is planted to uk and can be followed

by any crop which follows uk;

amount of land of crop 1 which was preceded by crops

i, j and k in three preceding years across all crop

1 activitIes. This gives the total acreage which

follows ijk.

For example, to plant crop 1 in crop rotation activity Xlj.k where

crops 1, j and k in three preceding years across all crop 1 activities,

the model considers all crop rotation activities X1k1 where crop i

was planted one year ago and selects the matched one to supply the re-

quired land across all crop 1 activitIes. Within the rotation con-

straint the summation of the demand and supply must be less than or

equal to zero.

3. Non-Negativity Constraints:

Non-negativity constraints state that no crop rotation activity

can be planted at a negative level. These constraints can be re-

presented by the following equation:

X >0
ijkl -
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Objective Function;

The problem is one of allocating one acre of land to competing

crop rotation activities so as to maximize the specified objective

function. The above constraints reflect the competition between

crop rotation activities for one acre of land as well as the inter-

relationships between these activities. To accomplish the above ob-

jective we need to incorporate the budgeting data into the objective

function.

The objective function in the linear programming model is a

linear equation expressing the summation of gross margins across all

crop rotation activities. The objective of solving the crop model

is to find the optimum level of crop activities (plan) which maxi-

mizes the objective function value subject to the available resources.

In this analysis, the crop alternatives consist of alternative rota-

tions and the only resource constraint is land. In turn, gross margin

of a crop rotation activity equals the price of all crops times the

associated yield per acre less the variable costs per acre incurred

in the production of that crop times the proportion of the crop within

the rotation. In other words, the gross margin of the objective func-

tion is the return per acre to fixed factors of production, land,

equity, capital management, etc in the proportion that the crops are

grown. The objective function of the crop rotation model maximizes

the summed farm gross margin over all, crop rotation activities. It

can be expressed by the following equatlon*

5k

Maximize Z = E E. Z C
j k 1 ijkl (3.k)



where i

Z expected gross margin function;

C gross margin coefficients for n crop rotation activities.

The remaining symbols are as defined before in equation (3.1).

Model Structures

This section is designed to present genera]. formulation aspects

of simplified crop rotation model examples. These examples are pre-

sented in Tables (3.1) to (3.14), In these examples, crop rotation

activities demand one acre of overall land acreage from preceding

crop balances while supplying land activities which can be used by

succeeding crops. These supply activities occur in the equilibrium

time period such that summation of the demand and supply must be less

than or equal to zero. Land is only available at one acre (normal-

ized land vector). Further, within the constraints acreage usage

is represented by plus ones ( +1 ) and resource supply by minus ones

( -1 ). The right hand side of the land constraint is equal to one

and that of the rotation constraints is equal to or less than zero.

Table (3.1) presents the general model structure for two crops

namely, what and potatoes with a one year link. It considers four

crop rotation activities WW, WP, PW, and PP. It also considers a

land constraint in addition to two rotation constraints W and P.

These two constraints are the possible one year link combinations

between matched preceding and current crops in activities. They re-

present supply - demand balances, The rotation constraint, W, ensures

that the amount of land required for planting potatoes in rotation

55



Table (:3.1) Layout of Tableau for a Simple Example of Two Crops - One Year Link.

Row '1W wP

Production Activities

Pw PP RHS

Obj. Function

Land Constraint

Rotation Constraints

1

P

1

+

1

-1

+1

+

1

+1

-1

+

1

Max.

=1

<0
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activity, PW, must be less than or equal to the amount of land planted

to wheat one year ago. The Table also shows the relationship between

the production activities and the rotation constraints in the matrix.

In this example, the coefficient for the WY production activity is

equal to zero since this activity represents the supply and demand for

land in the same time.

Table (3.2) shows the matrix representing two crops, wheat and

potatoes with a two year link. It considers eight crop rotation act-

ivities WWW, WYP, WPW, WPP, PPP, PPW, PWP, and PWW. It also considers

a land constraint and four rotation constraints PP. PW, WP, and WY.

By the same convention, Table (3.3) presents a simplified example of

a three crops, wheat, potatoes and alfalfa with a two year link. It

considers nine crop rotation activities WWW, WPA, YAP, PPP, WA, PAW,

AAA, AWP, and APW. It considers a land constraint and nine rotation

constraints WY, PA, AP, PP, WA, AY, AA, WP, and PW. Finally, Table

(3,Li) shows an example of a crop rotation mix problem. It considers

five wheat rotation activities, three corn rotation activities, and

four potato rotation activities. It also considers the land con-

straint and eight rotation constraints, i.e., WY?, YPY, WPC, CWW, CliP,

PWP, PCW, and PCA.

Risk Averse Crop Rotation Model

The risk averse crop rotation model is an extension of the equilib-

rium crop rotation model to include risk. In this model, an explicit

consideration of risk is incorporated into the equilibrium crop rota-

tion model using the modified MCYAD model. The general objective of



Table (3.2) Layout of Tableau for a Simple Example of Two Crops - Two Year Link.

Row Production Activities

Row WWP WPW WPP PPP PPW PWP PWW R}{S

+ + + + + + + Max.

1 1 1 1 1 11 1 =1

+1 -1

+1 +1 -1 -1

+1 -1 -1 +1

-1 +1

Obj. Function

Land Constraint 1

Rotation Constraints

PP

Pw

wP

ww



<0

Table (3.3) Layout of Tableau for a Simple Example of Three Crops - Two year Link.

Row WWW WPA WAP

Production Activities

PPP PWA PAW A/tA AWP APW RHS

Obj,Functjon

Land Constraint

Rotation Constraints

ww

PA

AP

PP

WA

AW

AA

WP

+

1

+

1

+1

-1

+

1

+1

-1

+

1

+

1

+1

+

1

-1

+1

+1

+

1

+

1

-1

-1

+1

+

.4

<0



Table (3.Li.) Layout of Tableau for a Simple Example of Crop Rotation Problem.

Production Activities

Row WPWP WPCW WCWP WPCA WWPC CWWP CWPW CWPC PWPC PCWP PCWW PCAA RHS

Obj. Function 268.8 295.0 208.8 295.0 116.6 32.7 107.5 32.7 2022 1885 1627 2669 Max.

LandConstraint 1 1 1 1 1 1 1 1 1 1 1 1 =1

Rot. Constraints

wwP -1 +1

WPW

wPC

-1

-1 -1

+1

+1 +1

Cww -1 +1

CwP +1 -1 -1 +1

PwP +1 -1

Pew +1 -1 <0
PCA +1 -1 <0
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the risk averse model is to develop a series of efficient farm crop

rotation plans on efficient E- frontiers (depicting combination of

gross margins and standard deviations). These frontiers represent

trade-offs between expected gross margins and standard deviations.

Each frontier determines the sensitivity of farm plans to changes

in risk aversion coefficient. To trace out the E- cY efficient fron-

tier of long run rotation plans, the value of the risk aversion cof-

ficient is parameterized at different values ranging from 0.0 to 2.5.

The optimal rotation plan is derived for each corresponding value of

the risk aversion coefficient (x). It shows the fraction of an acre

land distributed to each crop rotation activity that simultaneously

maximizes the difference between gross margins and standard deviations

as a measure of risk. The empirical formulation of the risk averse

crop rotation model is as follows:

+
Maximize Z Z E E E C - KX Z dijkl ijklijkl r

z z z EX
ijkl ijkl = 1

Z ZEE
I jkl

(3.7)

(3.8)

+ E X < 0 for aD ijk (3.9)E Xjjkl
1

lijk-

+
Drii X1 - d< 0 for all r (3.10)

+

, d > 0 (3.11)r

where K = 2/s to convert total positive deviations to standard devia-

tion. All of the above terms are defined in chapter II. The above

risk averse model has the same formulation as the equilibrium crop

rotation model for the same problem except that the objective function

of the risk averse model is the difference between gross margins over

Subject to

And
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all crop rotation activities and the standard deviation of these gross

margins. It also adds equation (3.10) which measures the difference

between gross margin deviations and total positive deviations in the

sample data summed over all crop rotation activities.
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CHAPTER IV

REGRESSION ANALYSIS FOR PLANNING CROP ROTATION

Introduction

Crop yields are influenced by many factors. This study sought to

identify and measure the effects of variables which influence irrigated

crop yields in the Hermiston area of Oregon, in particular concentrat-

ing on rotation effects. The variables studied are year, crop variety,

planting date, harvesting date, interaction of planting and harvesting

dates, and preceding crops in rotation.

This chapter summarizes the results of an equation fitting effort,

in which ordinary least squares regression was utilized to quantify

and measure the net effects of the above variables. The findings of

this study have relevance for the choice of crop rotation in the

Hermiston area, providing a basis for rotation formulation. The

results should also be useful for Extension personnel, researchers,

and other parties interested in irrigated agriculture when making

future decisions concerning cropping patterns.

Description of the Farm Organization

The data for this analysis were obtained from a large incorpo-

rated farm located near the Columbia River in the Hermiston area of

Oregon. The farm is engaged in irrigated field crop production. The

main crops grown are wheat, corn, potatoes and alfalfa. The crops are

grown in rotation requiring an average annual net water application of

about 30 inches/acre. Total annual requirements are approximately



35 to 40 inches/acre. Irrigation water is drawn from the Columbia

River. The predominant rotations practiced on the farm are the 9

year PWPWPCAAA and 7 year PWPCAAA.

The farm is situated on sandy soil consisting of Quincy fine and

loamy fine sand. It has a water-holding capacity of about 0.75 inch

per foot, and infiltration rate of 0.8 inch per hour. The soil tex-

ture offers a satisfactory balance between a high water infiltration

rate for irrigation and acceptable water-holding capacity for crops.

On hot summer days evaporation can equal 0.6 inch per day. These con-

ditions allow only minimal agricultural production without irrigation.

Statistics on the case farm in 1981 showed that about 35 percent

of the planted acreage was in alfalfa yielding an average of 7.5 tons

of hay per acre; 30 percent of the planted acreage was in wheat yield-

ing an average of 129 bushels per acre; 25 percent of the planted acre-

age was in potatoes yielding an average of 578 c.w.t. per acre; and 10

percent of the planted acreage was in corn yielding an average of 162

bushels per acre (15% moisture). The energy consumed to produce the

above crops was about 3500 kwh of electricity and 30 gallons of diesel

fuel per acre per year.

In the case farm, most farming decisions are made by the general

manager and operational manager. The operational manager is assisted

in the field by an irrigation foreman. All harvesting and practically

all tillage, planting, and crop cultivation are done by hired labor,

using the equipment and machinery owned by the incorporated farm. This

type of farm organization provides a flexible base from which the cor-

poration can select the optimum rotation.
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Description of the Deta

The available data for this analysis were obtained from the re-

cords of the case farm. The data consist of time series and cross

sectional observations covering a four year period (1979 - 1982) on

the irrigated production of wheat, corn, potatoes and alfalfa. There

are 124 observations for wheat, 29 for corn, 83 for potatoes, and 108

for alfalfa. Each observation depicts one crop on one field - giving

field number, field area, yield per acre, crop variety, planting date,

harvesting date, names of crops grown on that field in the previous

5 years, fertilizer and seed application rates, and water application

rate (see Appendix A).

On the case farm, the management attempts to add sufficient in-

puts so that all fields have the proper seed, adequate nutrients, and

water. Consequently, these factors were not regarded as independent

variables in the data.

A Conceptual General Dummy Linear Regression Model

The analytical procedures used in the study may be described as

the general linear regression model where all the independent vari-

able groups are qualitative. The essence of the technique involves

generating a dummy variable for all categories within a given group

except one The dummy variable is defined for a category as one if

the observation related to that given category and zero otherwise.

A dummy variable was not specified for the first category to avoid

matrix singularity, rather this term is collapsed into the intercept

(Johnston, pp. 180-181). The resultant dichotomous variables are
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called dummy variables because their value has no meaning other than

representing a particular category in the original qualitative vari-

able group. For example, the wheat variety dummy variable potentially

has categories Hyslop, Stevens, Uix, Twin and Hill. However, a Hyslop

variety dummy variable would not be defined, thus, when the other

three dummy variables are zero then the equation gives the yield under

the Hyslop variety. The regression coefficient on the Stevens variety

dummy variable would indicate the yield increases when the Stevens

variety is used rather than the Hyslop.

With this background the interpretation of the regression coef--

ficients becomes straight forward. For a given independent variable

group, the coefficient on a specific dummy variable measures the dif-

ferential effect on the dependent variable between the indicated dum-

my variable (receiving a value of one) and the one which has been col-

lapsed into the intercept. As a result, the t test examines the hypo-

thesis that both the included and excluded categories (dummies) have

an identical impact (Pindyck and Rubinfeld, p. 135).

Analysis Design

The independent variables in the study are year, variety, date

of planting, date of harvest, and preceding crops. These items are

all best captured through the use of dummy variables. Consequently,

dummy variables were formed for year, variety, planting date, harvest

date and planting-harvesting date interaction. Similarily, preceeding

crops were disaggregated into sequences of preceding crops going back

over two or three years.

Based on the above data, the study examined three models for each
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crop under study. All the models include production per acre as the

quantitative dependent variable regressed on the qualitative independ-

ent varIables year, variety, planting date, harvest date, planting-

harvesting date interaction. The first model includes only the in-

fluence of the immediately preceding crops and will be called a one

year crop rotation model. The second model includes the influence of

the two preceding crops in the sequence in which they appear (i.e.,

a crop preceded by corn then potatoes could be different from one

preceded by potatoes then corn), and will be called a two year crop

rotation model. Finally, the third model includes the preceding crops

from the three previous years in the order in which they appear and

will be called a three year crop rotation model A general algebric

formulation of this relation is as follows:

Q. =C+T +yV +cPD,+HD +aHi +p + (L.1)r tt ii ,j kk ni m n n

where:

C

production per acre of crop r;

estimated average crop production per acre associated with

all dummy variables of zero level;

Tt dummy variable for year t;

dummy variable for variety I;

PD = dummy variable for planting date j;
3

HD dummy variable for harvesting date k;

= dummy variable for planting-harvesting date interaction m;

CR dummy variable for preceding crop(s) ri;

= the expected increment to yield when the crop is grown in
t

year t;



y = the expected increment to yield when the crop grown is

of variety i;

c the expected increment to yield when the crop grown is
3

planted in planting date j;

= the expected increment to yield when the crop grown is

harvested in harvesting date k;

cz the expected increment to yield when the crop grown is
in

of planting-harvesting date interaction in;

p the expected increment to yield when the crop grown is
n

of preceding crop(s) fl;

U = error term.

All of the above dummy variables are entered as intercept shifters

and the only interactions specified are between planting and harvesting

date.

Wheat Model

Wheat was modeled following the above conceptual model. The yield

could be potentially influenced by year, variety, planting date, harvest-

ing date, planting-harvesting date interaction and the two preceding

crops as specified in Table (k.t). A general formulation of the wheat

model is as follows:

WP = C + T +y V + £ PD +ó HD +c* W +P CR + u (k.2)tt ii ji k k min nfl

where:

WP wheat production in bushels/acre;

C = estimated average wheat production per acre associated with

all dummy variables of zero level;
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Table (1i.i) The Independent Variables of the Wheat Model.

Year Variety Planting Date Harvesting Date Interaction Term Preceding Crops

1979 Hyslop 9/23-10/6 7/15-7/28 (9/23-10/6) (7/15-7/28) Potatoe s-Wheat

1980 Stevens 10/7-10/20 7/29-8/11 (10/7-10/20) (7/29-8/11) Potatoes-Potatoes

1981 Mix 10/21-11/3 8/12-8/25 (10/7-10/20) (8/12-8/25) Potatoe s-Corn

1982 Twin 11/-11/17 (10/21-11/3) (7/29-8/11) Potatoes-Alfalfa

11/18-12/1 (10/21-11/3) (8/12-8/25) Wheat-Potatoes

(11/k-11/17) (7/29-8/11) Corn- Wheat

(11/Li._11/17) (8/12-8/25) Alfalfa-Alfalfa

(11/18-12/1) (7/29-8/11)

(11/18-12/1) (8/12-8/25)
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T 1 if the observation relates to year t t2,3,4

0 otherwise;

V = 1 if the observation relates to variety i

= 0 otherwise;

PD = 1. if the observation relates to planting date j j2,3,..,5
3

= 0 otherwise;

RD 1 if the observation relates to harvesting date k k2,3

= 0 otherwise;

PH = 1 if the observation relates to planting-harvest-
In

ing date interaction m

0 otherwise;

CR 1 if the observation relates to the two preceding
n

crops n n2,3,4

0 otherwise;

the expected Increment to yield when the crop is

grown in year t;

= the expected increment to yield when the crop grown

is of variety 1;

= the expected Increment to yield when the crop grown

is planted In planting date j;

= the expected increment to yield when the crop grown

is harvested in harvesting date k;

= the expected increment to yield when the crop grown
In

is of planting-harvesting date interaction m;

p = the expected increment to yield when the crop grown
n

is of preceding crops n;

U = error term.



Empirical Results:

As noted above, a dummy variable was not specified for the first

category of each groups this term is collapsed into the constant,

Wheat production per acre was regressed on the remaining dummy vari-

ables using the method of ordinary least squares (ots). The wheat

model with the two year rotation specification gave the best fit to

the data and is presented in Table (4.2).

The multiple correlation coefficient, R2, is about 0.74 with 105

observations, This indicates that the regression explains 74 percent

of the variation in the wheat yield. A F test has shown that the

whole model was statistically significant at the 1 percent level.

This indicates that the amount of variation in wheat production ac-

counted for by the independent variables was judged to be signifi-

cantly different from zero. Further, all the estimated regression

coefficients were significantly different from zero at the 5 percent

level except the regression coefficients of Stevens variety, fifth

planting date and fourth interaction term. These regression coef-

ficients were significant at relatively higher probability levels.

Examining the estimated regression coefficients, the following

effects were found:

Base Yield: the base wheat yield associated with first category

for each variable (i.e., wheat grown in 1979, Hyslop variety,

planted in 9/23-10/6, harvested in 7/15-7/28, etc.) is about 96.98

bushels/acre.

Yield effect due to year: with the years 1980, 1981, and 1982 the

yield increased by 12.86, 25.77, and 21.04 bushels/acre with
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Table (4.2) Estimated Regression Coefficients of the Wheat Model

Group Variable Specific Variable Symbol

Value

Coefficient of

t

P

Intercept Base Yield C 96.98 31.99 0.00

Year 1980 D2'P 12.86 3.44 0.00
1981 D3T 25.77 6.72 0.00
1982 Dl1.T 21.04 4.93 0.00

Variety Stevens D2V 5.97 1.55 0.12

Planting Date 10/21-11/3 D3PD -10.43 -2.77 0.01

11/18-12/1 D5PD 13.41 1.80 0.07
Harvesting Date 7/29-8/11 D2HD -9.68 -2.79 0.01

Interaction Term (10/7-10/20) (7/29-8/11) D2Hi 8.52 2.07 0.04

(10/21-11/3) (7/29-8/11) 5.88 1.01 0.31
Preceding Crops Potatoes-Corn D3PC2 10.01 2.31 0.02

Potatoes-Alfalfa D4PC2 12.72 392 0.00
Wheat-Potatoes D5PC2 -40.14 -7.76 0.00

Corn-Wheat D6PC2 -14.09 -2.59 0.01
2

R 0.74
-2
R 0.71

*
F 23.07

F(0.01,13,1o4) 2.30
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respect to 1979, respectively.

3. Yield effect due to variety: a change from Hyslop variety to

Stevens variety Increased the average yield by 5.97 bushels/acre.

The remaining variety variations have no significant effect on

the yield.

k. Yield effect due to planting-harvesting date interaction: the

base planting date is 9/23-10/6. A change to a later planting

dates 10/21-11/3 and 11/8-12/11 decreases and increases the yield

by 10.Ll.3and 13.Li1 bushels/acre, respectively. The base harvest-

ing date is 7/15-7/28. A change to a later harvesting date - 7/29-

8/11 - decreases the yield by 9.68 bushels/acre. All the remain-

ing planting and harvesting date variations were not significant

except the case where wheat is planted on 10/7-10/20 or 10/21-11/3

but harvested in the week 7/29-8/11 where the base yield increased

by 8.52 and 5.88 bushels/acre as follow.

5. Yield effect due to the two preceding crops: a change in the

crops in the preceding years has some effect on yields. The

intercept depicts wheat following potatoes that were following wh

wheat. When wheat follows potatoes that were following corn or

alfalfa from two years earlier the yield increases by 10.01 and

12.72 bushels/acre, respectively, But when wheat follows wheat

that was following potatoes or when It follows corn that was fol-

lowing wheat from two years earlier, yield decreases by 40.14 and

14.09 bushels/acre, respectively.



Corn Model

Corn was modeled following the above conceptual model. The yield

could be potentially influenced by year, variety, planting date, har-

vesting date, planting-harvesting date interaction, and the three

preceding crops as specified in Table (Zj.3). A general formulation

of the corn model is as follows:

C? C + Tt +V +c, PD, HD +a PH +0 CR + U (ii.3)
a a n ri

where s

CP = corn production in tons/acre;

C = estimated average corn production per acre associated with

all dummy variables of zero level;

CR = 1 if the observation relates to the three preceed-

ing crops n n2,3,ii

= 0 otherwise,

and all of the remaining terms are defined as in the wheat model.

Empirical Results:

Corn production per acre was regressed on the remaining dummy

variables using ordinary least squares. The corn model with the three

year rotation specification gave the best fit to the data and is pres-

ented in Table (k.ii).

The multiple correlation coefficient, R , is about 0.73 with 16

observations. This indicates that the regression explains 73 percent

of the variation in corn. A F test shows that the whole model was

statistically significant at the 5 percent level In addition, all

7L
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Table (4.3) The Independent Variables of the Corn Model.

Year Variety Planting Date Harvesting Date Interaction Term Preceding Crops

1979 Pioneer 4/1-4/14 9/20 -10/20 (4./1k/111)(9/2o_ 10/20) Wheat-Wheat-Potatoes

1980 Mix 4/15-4/28 10/21-11/20 (4/15-4/28)( 10/21-11/20) Wheat-Potatoes-Corn

1981 P3780 4/29-5/15 11/21-12/20 (4/15-4/28) (11/21-12/20) Wheat-Potatoes-Wheat

1982 PX74 (4/29-5/13) (10/21-11/20) Alfalfa-Alfalfa-Alfalfa

Keltg (4/29-5/13) (11/21-12/20)
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Table (4,4) Estimated Regression Coefficients of the Corn Model.

Group Variable Specific Variable Symbol Coefficient
Value

of P

t

Intercept Base Yield C 4,71 4.82 0.00
Year 1980 D2T -213 -2,12 0,05

1981 D3 -3.16 -3.2' 0.01

1982 D4T -1.30 -1.54 0.14
Variety Mix D2V 0,90 1,97 0.07

P3780 D3V 1.64 2.45 0.03
PX74. D4V 2.41 3.75 0.00

Keltg D6V 1.51 2.19 0.04

H2500 D7V 0.80 1.53 0.15
Planting Date 4/15-4/28 D2PD 0.90 2.14 0.05

4/29-5/13 D3PD 0.81. 1.144 0.17

Interaction Term (4/29-5/13)(11/21_12/20) D5W -1.00 -1.25 0.23
Preceding Crops Wheat-Potatoes_Wheat D3PC3 0.69 2.27 0.04

2
Alfalfa-Alfalfa_A).falfa D!+PC3 0.69 1.04 0.31

R

-2 0.73
R 0.149
*

F 3.10

F (0.05,13,15) 2.50
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the regression coefficients were statistically significant different

from zero at the 10 percent level except for the regression coef-

ficients for 1982, H2500 variety, third planting period, fifth inter-

action term, and three year alfalfa preceding crops. These regres-

sion coefficients were significant at higher probability level.

Examination of the estimated regression reveals the following

effects

Base Yield: the base corn yield associated with the first cate-

gory of all variables in Table (4.3) is about 4.17 tons/acre.

Yield effect due to year: for the years 1980, 1981, and 1982

yields decreased by 2.13, 3.13, and 1.30 tons/acre with respect

to 1979.

Yield effect due to variety: a change from Pioneer variety

to the varieties called Mix, P3780, PX74, Keltg and H2500 resulted

in an increase in yield of 0.90, 1.64, 2.41, 1.51 and 0.80

tons/acre respectively.

Yield effect due to planting-harvesting date interaction: the

base planting date is 4/1-4/14. A change to later planting periods

- 4/15-4/28 - increases the yield by o.90 and 0.81 tons/acre, re-

spectively. Harvesting date variations were not significant

except in the case where corn is planted on 4/29-5/13 and harvested

in the week 11/21-12/20 where the yield decreased by 1.00 tons/acre.

Yield effect due to three preceding crops: a change in the crops

in the preceding years had some effect on yield. The intercept

depicts corn follows three years alfalfa or when it follows wheat

that was following potatoes which follows wheat from three years



Potatoes Model

Potatoes were modeled following the above conceptual model. The

yield could be potentially influenced by year, variety, planting date,

harvesting date, planting-harvesting date interaction and the three

preceeding crops as specified in Table (4.5). A general formulation

of the potatoes model is as follows:

PP = C +'Y1V1 +C.}'
+4lcHIlk i'H +PCR +u (44)I) J

where:

PP = potatoes production in tons/acre;

C = estimated average potatoes production per acre associated

with all dummy variables of zero level;

CR I if the observation relates to the three preceding

crops n
n2,3,..,9

= 0 otherwise.

and all of the remaining terms are as defined in the wheat model.

Empirical Results:

Potatoe production per acre was regressed on the remaining dummy

variables using ordinary least squares. The potatoes model with the

three year rotation specification gave the best fit to the data and

is presented in Table (4.6).

The multiple correlation coefficient, R , is about 0.78 with 67

observations. This indicates that 78 percent of the variation in

potatoe yield was explained by the regression. A F test Is statis-

tically significant at the 1 percent level. This indicates that the
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1979

1980

1981

1982

Mix

Cule

Reed

Wamp

Cam

Schut

1(1mm

Cyrus

Macy

Hatch

Kiomp

Wiers

Venhu

Tuck

Table (4.5) The Independent Variables of the Potatoes Model.

(3/2-3/17) (8/7-9/6)

(3/18-4/1) (9/7-10/6)

(3/18-4./1)( 10/7-11/6)

(Ls./2_4/16) (9/7-10/6)

(4/2-4/16) (10/7-11/6)

(4/17-5/1)(9/7...1o,/6)

(4/17-5/1) (10/7-11/6)

Wheat -Pot atoe s-Wheat

WheatPotatoesNative

Wheat-PotatoesCorn

Wheat-PotatoesAlfalfa

Wheat-Corn-Wheat

Corn-Wheat-Potatoes

Corn-Wheat-Wheat

Corn-Alfalfa_Alfalfa

Alfalfa-Alfalfa_Alfalfa

Year Variety Planting Lte Harvesting Date Interaction Term Preceding Crops

3/2-3/17 8/7-9/6

3/18-4./i 9/7.- 10/6

4/2-4/16 10/7-11/6

4/17-5/1
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Table (4.6) Estimated Regression Coefficients of the Potatoes Model.

Group Variable Specific Variable Symbol Coefficient
Value

of

t

P

Intercept Base Yield C 20.80 20.58 0.00
Year 1980 D2T -1.65 -1.49 0.14

1981 Dyr 3.33 3.07 0.00
Variety Kiomp Dliv 2.97 171 0.09

Wiers D12V -2.97 -1.54 0.13
Harvesting Date 10/7-11/6 D3HD 4.13 3.90 0.00
Interaction Term (4/2-4/16)(9/7_1O/6) D4P}! 3.01 2.35 0.02

(4/17-5/i)(1O/7_11/6) D7PH 2.50 1.80 0.08
Preceding Crops Wheat-Potatoes_Native D2PC3 -4.96 -2.88 0.01

Wheat-Potatoes_Corn D3PC3 3.55 2.52 001
Wheat-Potatoes_A1fa D4PC3 -1.68 -1.29 0.20

Wheat-Corn-Wheat D5PC3 5.55 2.67 0.01

Corn-Wheat_potatoes D6PC3 2.32 1.48 0.14

Corn-A1falfafa1fa D8PC3 9.34 4.41 0.00

2
Alfalfa-Alfalfa...Alfalfa D9PC3 6.00 5.30 0.00

R 0.78
-2
R

0.73*
F 16.38

F (0.01,14,66) 2.37
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amount of the variation in potatoe production accounted for the inde-

pendent variables was judged to be statistically different from zero.

All the estimated regression coefficients were statistically signifi-

cant at the 10 percent level except for the regression coefficients

for 1980, Wiers variety, and preceding crops of wheat-potatoes-alfalfa

and corn-wheat-pe+toes. These regression coefficients were significant

at higher probability levels.

Examining the regression results, the following effects were found:

Base yield: the base potatoe yield associated with the first cat-

egory of all variables in Table (k.5) is about 20.9 tons/acre.

Yield effect due to year: the effect of the years 1980 and 1981

Is that average yield decreases and Increases by 1.65 and 3.33

tons/acre with respect to 1979, respectively. 1982 crop year

effects were not significantly different from 1979, thus one would

expect the same yield as 1979.

Yield effect due to variety: a change from the Mix variety to the

varieties called Klomp and Wiers increases and decreases the aver-

age yield by 2.97, respectively. The remaining variety effects

were not significantly different from the Mix yield, thus one would

expect all other varieties except Klomp and Wiers to give yields

equal to Mix.

I4 Yield effect due to planting-harvesting date interactioru the base

harvesting date Is 8/7-9/6. A change to a later harvesting date -

10/7-11/6 - increases the base yield by i.13 tons/acre. The re-

maining harvesting and all planting date effects were not signifi-

cant except in the cases where potatoes are planted on 4/2-4/16



and harvested on 9/7-10/6 or they are planted late on 1-/17-5/1

and harvested late on 10/7-11/6, where the effect increases the

base yield by 3.01 and 2.50 tons/acre, respectively.

5. Yield effect due to three preceding crops: a change in the crops

in the three preceding years has some effect on yield. The inter-

cept represents potatoes following wheat that was following potatoes

which follow wheat. When potatoes follow wheat-potatoes-corn,

wheat-corn-wheat, corn-wheat-potatoes, corn-alfalfa-alfalfa, or

three years of alfalfa, yield increases by 3.55, 5.55, 2.32, 9.35

and 6.00 tons/acre, respectively. On the other hand, when potatoes

follow wheat-potatoes-grass or when potatoes follow wheat-potatoes-

alfalfa, yield decreases by ii.96 and 1.68 tons/acre, respectively.

Alfalfa Model

Alfalfa was modeled following a conceptual model similar to that

above, however, rotation effects were not included. The yield could

be potentially influenced by year, variety, age (in years) of stand

and harvest date as specified in Table (l.7). A general formulation

of the alfalfa model is as follows:

A.P = C+T +Y V -s-C GP + RD +Utt ii j j k k

where:

(.5)

82

AP = alfalfa production in tons per acre;

C = estimated average alfalfa production per acre associated

with all dummy variables of zero level;

GP = 1 if the observation relates to age of stand j j2,3,..,5

= 0 otherwise;
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* Includes WL309 WL3IO, WL312 and WL318.

Table (4.7) The Independent Variables of the Alfalfa Model.

Year Variety Growth Period Harvesting Period

1979 Group 1 year 4/30-5/14

1980 2030 2 years 5/15-5/29

1981 Pacer 3 years 5/30-6/13

1982 WL 4 years 6/14-6/28

Valor

AT 520

RS209

451oR

Gald



c = the expected increment to yield when the crop grown is
3

of standing age j.

and afl of the remaining terms are as defined in the wheat model.

Empirical Results:

Alfalfa production per acre was regressed on the remaining dummy

variables using ordinary least squares. The alfalfa model gave the

best fit to the data is presented in Table (Li..8).

The multiple correlation coefficient, R, is about 0.36 wIth 99

observations. This indicates that the independent variables explain

36 percent of the variation in alfalfa yield. A F test shows that

the whole model is significant at the 1 percent level. This indi-

cates that the amount of variation in alfalfa production accounted

for by the Independent variables was judged to be significantly dif-

ferent from zero. All the estimated regression coefficients were sig-

nificant at the 10 percent level except fot the regression coefficients

for 1980 as well as WL and AT520 varieties. These regression coef-

ficierits were significant at higher probability levels.

Examination of the estimated regression coefficients reveals the

following effects:

Base yield: the base alfalfa yield associated with the first cat-

egory of all variables in Table (Li.7) is about 6.37 tons/acre.

Yield effect due to year: the effect of years 1980 and 1981 is

that the average yield increases by 0.29 and O.Li9 tons/acre with

respect to 1979, respectively. 1982 crop year effect was not sig-

nificantly different from 1979, thus one would expect the same
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Table (4.8) Estimated Regression Coefficients of the Alfalfa Model.

Group Variable Specific Variable Symbol Coefficient

Value

of

t

P

Intercept Base Yield C 6.37 21.77 0.00

Year 1980 D2T 0.29 1.01 0.32

1981 D3T 0.49 1.87 0.06

Variety WL DL.V 0.31 1.44 0.15

Valor D5V 0,64 1.97 0.05

AT520 D6V -0.61 -1.10 0.27

Age of Stand 2 Years D2GP 1.23 4.12 0.00

3 Years D3GP 0.51 1.70 0.09

Harvesting Period 6/14-6/28 DLHP -0.68 -2.27 0.03
2

R
0.36

-2
R

0.31
*

F
7.89

F (0.01,3,98) 2.69
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yield as 1979.

3. Yield effect due to varietyi a change from the Group variety to

the varieties called WL or Valor increases the yield by 0.31 and

o.6i tons/acre, respectively. On the other hand, a change from

the Group variety to the AT520 variety decreases the yield by

0.61 tons/acre. The remaining variety variations have no signifi-

cant effect on the yield.

k. Yield effect due to age of stand and harvest date: the base age

of stand is one year. A change to the two or three years age of

stand increases the yield by 1.23 and 0.51 tons/acre. The base

harvesting date is 4/30-5/1k. A change to a later harvesting

date, 6/14-6/28, decreases the yield by 0.68 tons/acre. The re-

aaining age of stands and harvesting dates have no significant

effect on the yield.
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CHAPI'ER V

CROP RCYATION MODEL SPECIFICATIONS AND RESULTS

The purpose of this chapter is to present and analyze the re-

sults of farm level crop rotation analysis when applied to a repre-

sentative case farm in the }Iermistori area of Oregon. The discussion

will be presented in the following eight categoriesa 1) risk free

model data specification; 2) rIsk free model results; 3) crop budgets

for other rotations; 14) comparative assessment of gross margin varia-

bility for crop activities; 5) discussion of gross margin correlation

coefficients between crop activities; 6) risk averse model data speci-

fication; 7) risk averse model results; and 8) selecting crop rotation

plan.

Risk Free Model Data Specification

Four Irrigated field crops are considered for investigation.

These crops are wheat, corn, potatoes, and alfalfa. Alfalfa is the

only pernnial crop considered in the analysis and It is assumed to

have a four year productive life. The above irrigated crops have

wide variation in yields on different fields due to the effects of

year of planting, variety, planting date, harvest date, planting-

harvesting date interaction term, and preceding crops in the rotation.

The model activities are the crop rotation activities generated

in chapter IV utilizing ordinary least square (OLS) procedure. There

are twenty-one crop rotation activities which are defined by initial

crops preceded by others and time periods. The initial crops are

wheat, corn, potatoes, and alfalfa.
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The model requires the estimation of an average gross margin per

acre for each crop rotation activity under consideration. lta on

gross margin for each crop rotation activity are calculated using the

following equation:

Y. = C + T +y V +P CR
3 t I n

where:

Y. = average annual yield per acre of crop rotation activity I

where:

= average gross margin for crop rotation

activity j; j1,2,..,21
average 1982 price for the initial crop

in crop rotation activity j;

average annual yield per acre for crop

rotation activity j from 1979-1982;

g(Y.) = average 1982 variable costs for the

initial crop rotation activity i

The collected data on average prices received and variable costs paid

by Oregon's farmers for the year of 1982 for the initial crop in each

crop rotation activity under study are presented In Table (5.1).

These data were drawn from generated irrigated crop budgets in Appen-

dix B.

Data on average annual yield for Irrigated crop rotation activi-

ties are presented In Table (5.1). These data are drawn from Tables

(k.2), (4..k), (4.6) and (4.8) using the following equation:

(5.2)

I,. P*Y_g1 (Y) (5.1)



Table (5.1) Estimated Gross Margins for Irrigated Crop Activities with Wheat, Corn,

Potatoes and Alfalfa Production as Initial Crops.

Estimated 1982 1982

No. Crop Preceding Crops Yield Price Gross Income Variable Costs Gross Margins

(tons/acre) ($/ton) ($/acre) ($/acre) ($/acre)

1 Wheat Potatoes-Wheat 3.140 130.33 1443.12 181.80 261.32
2 Potatoes-Alfalfa 3.78 130.33 1492.65 181.80 310.85
3 Potatoes-Corn 3.70 130.33 1482,22 181.80 300.142

4 Alfalfa-Alfalfa 3.140 130,33 1443.12 181.80 261.32

5 Corn-Wheat 2.98 130.33 388.38 181.80 146.68
6 Wheat-Potatoes 2.20 13033 286.73 181.80 1014.93

7 Corn Wheat-Wheat-Potatoes 427 111428 487.98 361.50 126.48
8 Wheat-Potatoes-Wheat 4.96 114.28 566.83 36150 205.33
9 Alfalfa-Alfalfa-Alfalfa 4.96 1114.28 566.83 361.50 205.33

10 Wheat-Potatoes-Corn 4,27 11l28 487.98 361.50 126.48
11 Potatoes Wheat-PotatoesWheat 21.22 120,00 2546,140 928.00 1618.40



Table (5.1) Cont. Estimated Gross Margins for Irrigated Crop Activities with Wheat,

Corn, Potatoes and Alfalfa Production as Initial Crops.

No, Crop Preceding Crops

Estimated

Yield

(tons/acre)

1982

Price

($/ton)

Gross Income

($/acre)

1982

Variable Costs

($/acre

Gross Margins

($/acre)

12 Potatoes Wheat-Potatoes-Corn 214.77 120.00 2972.140 928.00 2044.40
13 Wheat-Corn-Wheat 26.77 120.00 3212,40 928.00 2284.40
14 Corn-Wheat-potatoes 23.54 120,00 2824,80 928.00 1896.80
15 Corn-Alfalfa.A1falfa 30.56 120.00 3667.20 928.00 2739.20
16 Alfalfa-Alfalfa_A].falfa 27.22 120.00 322640 928.00 2338.40
17 Corn-Wheat-Wheat 21.22 120.00 25146.40 928.00 1618,140

18 Wheat-Potatoes_Alfalfa 19.54 120.00 2344.80 928.00 1416.50
19 Alfalfa Alfalfa 6.59 89.00 586,51 241.70 344.80
20 Alfalfa-Alfalfa 7.82 89.00 695.98 241.70 454.28
21 Alfalfa-Alfalfa-Alfalfa 7.10 89.00 631.90 241.70 390.20
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= from 1979-1982;

C = estimated average crop yield per acre associated with all

dummy variables of zero level;

Tt = 1 If the observation relates to year t

= 0 otherwise;

= 1 If the observation relates to variety I

= 0 otherwise;

CR = 1 If the observation relates to the two or three preceding

crops n

= 0 otherwise;

= average increment to yield of initial crop in crop rotation

activity j from 1979-1982;

= average Incrementtto yield of initial crop in crop rota-

tion activity j from all crop varieties;

p = increment to yield of initial crop in crop rotation activ-
n

ity j from preceding crops n.

Crop rotation activities are presented in Figures (5.1), (5.2),

(5.3) and (5.k). These Figures graphically illustrate the possible

crop rotation activities with wheat, corn, potatoes and alfalfa as

initial crops respectively.

Risk Free Model Results

The purpose of this section is to demonstrate the use of the risk

free profit maximizing model for selecting crop rotation. The gross

margins for the model activities are presented in Table (5.2). The

results of the base model run are presented in the first column of

Table (5.3). The Table shows that only five crop activities, namely



Current Crop

First Preceding Crop

Second Preceding Crop W

Third Preceding Crop

Figure (5.1)

Current Crop

First Preceding Crop

Second Preceding Crop

Third Preceding Crop

Figure (5.2)

Current Crop

First Preceding Crop

Second Preceding Crop

Third Preceding Crop

Current Crop

First Preceding Crop

Second Preceding Crop

Third Preceding Crop

Figure (5.l)

I

Wheat Rotation Activities.

W W W A

W P P A

A

Corn Rotation Activities.

wWWWIIll I I I IPPCP WWAA
I r I j I I IWCWA PWAA

Figure (5.3) Potatoe Rotation Activities.

A A A
I I

A A A
I I I

* A A
I I I

* * A

Alfalfa Rotation Activities.

The notation represents any crop in rotation activity.

The * notation represents any crop in X1. rotation activity except
Alfalfa.
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Table (5.2) Gross Margins for Irrigated Crop Rotation Activities

with Wheat, Corn, Potatoes, and Alfalfa Production

as Initial Crops.

93

Wheat Preceded Corn Preceded Potatoes Preceded Alfalfa Preceded

By By By By

The notation represents any crop in X1 crop rotation activity.

The * notation represents any crop in X1 crop rotation activity

except alfalfa.

PW. $261.32 WWP $126.48 WP $1618.40 A $344.80

PA. 310.85 WPW 205.33 WPC 2044.40 AA* 454.28

PC. 300.42 WPC 126.48 WCW 2284.40 AAA 390.20

CV. 146.68 AAA 20533 WPA 1416.80

VP. 104.93 CWP 1896.80

AA. 261.32 CWW 1618.40

CAA 2739.20

AAA 2338.40



Table (5.3) Risk Free Linear Programming Model Results: Summary

of Optimum Crop Rotations.
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wPwP o 20 0.50

a
wPCw 0.20 0.143

CwPw 0 20

PWPC 0 20 0.143

PCwP 0 20

wPw 0.50

CAAA 0.143

PCAA 0.143
b

PAAA 0.25
c

APWP 0.143 0.25

AAPW 0.143 0.25

AAAP 0.143 0.25

Obj. Value $942 $940 $926 $882

Crop Al]. Crop All Crop All Crop All Crop

Rotation Rotation Rotation Rotation Rotation

Activities Activities Activities Activities Activities

Except Corn Except WPWP

and PWPW

Except Corn,

WPWP and PWPW

a. The activity is WPCA. b. The activity is APAA.

c. The activity is AAPA



PWPC, WPCW, PCWP, CWPW and WPWP, were selected in the optimum solu-

tion with 0.2 acre each. The above activities make up an optimum 5

year rotation WPWPC, with 40 percent of the land is planted in

potatoes, 40 percent is planted in wheat, and 20 percent is planted

in corn. This optimum rotation achieves a maximum gross margin of

$942 per acre. An initial observation concerning these results is

that potatoes and wheat dominate the rotation, while alfalfa is not

produced.

There are three reasons to doubt the results drawn from the above

base model run. First, it appeared from the regression analysis (OLS)

in chapter Pt that corn may have strong influence on potatoe yield.

However, there were only three observations on potatoes preceded by

corn and this limits the statistical reliability of such influence.

Second, consulting the farm manager of the case farm indicates that

back to back wheat-potatoes would be unsatisfactory due to the deplet-

ing effect on the soil. Third, alfalfa is commonly used in crop rota-

tions in this area. Therefore, we will run the model with all crop

rotation activities generated by OLS in chapter IV except corn rota-

tion activities. The results of this run are presented in the second

column of Table (5.3). These results show that excluding corn activi-

ties from the model result in a very specialized plan where the one

acre of land is used only for continuous two year wheat-potatoes rota-

tion with 0.5 acre each. The optimum rotation produces a gross margin

of $940 per acre.

A second run was made and the results of this run are presented

in the third column of Table (5.3). These results show that excluding

95
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WPWP and PWPW activities from the model resulted in a diversified plan

where the one acre of land is redistributed in an optimum 7 year rota-

tion od PWPCAAA with 0.111. acre allocated to each crop. The optimum

rotation generates a gross margin of $926 per acre. This rotation is

a good rotation from the agronomic point of view since It contains row

crop (potatoes and corn), small grain (wheat), and legume crop

(alfalfa). This rotation Is currently in use on the case farm.

Table (5.3) shows that excluding WPWP, PWPW and corn rotation ac-

tivities resulted in redistributing the one acre of land in a PAAA

rotation with 0.25 acre allocated to each crop. The optimum solution

acheives a maximum gross margin of $882 per acre.

In conclusion, the above results show the importance of both

potatoes and. wheat and the failure of alfalfa to assume any position

in the first two rotations in comarison with the last two rotations.

This is appearently due to the profitability of potatoes in contrast to

alfalfa. Also, It appeared from the results the importance of includ-

ing crops In rotation such as corn and alfalfa due to their strong

beneficial influence as preceding crops in rotations (e.g., PWPCAAA).

These benefits arise as much from soil building and insect control as

from direct profit.

Crop Budgets for Other Rotations

This section addresses the choice of the most profitable crops as

well as crop rotations. Following the regression analysis in chap-

ter IV, gross margin for 21 crop budgets were developed for crop rota-

tion activities. They were developed by taking an average effect of



97

year and an average effect of crop variety with the base planting and

harvesting dates, an effect of preceding crops, then using 1982 prices

and costs. These gross margins are presented in Table (5.1). The re-

sults show that the most profitable crop activities are potatoes fol-

lowed by alfalfa and then wheat. Corn activities are the least prof-

itable activities.

Budgets for 33 crop rotation possibilities were developed by us-

ing the gross margins of the crop activities which were presented in

Table (5.1). The rotations consist of individual crop activities

until the crops began to repeat themselves. The crop rotation budgets

are presented in Table (5.4). We summed gross margins for each rota-

tion and divided by the associated number of years to give average

yearly gross margins.

Comparing the risk free model results in Table (5.3) with the

crop rotation budget results in Table (5.4) shows that both techniques

give the same results. The risk free model selected the 5 year PWPCW,

2 year PW, 7 year PWPCAAA, and 11. year PAAA rotations as the most prof-

itable ones in the indicated order. Those rotations also represent

the most profitable ones selected by the budgeting technique. Thus,

risk free model can be used as an alternative to budgeting technique

in selecting the most profitable crop rotation especially when the

number of crop activities Is too large to be accurately calculated by

hand. It is a quick method that considers all possible crop rotation

activities and selects the best ones to form the rotation. F'or smaller

problems, farmers may prefer budgeting technique because it approxi-

mates their decision making.



Table (5.4) Estimated Average Annual Gross Margins for 33

Irrigated Crop Rotations.
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Crop Rotation Rotation Average Annual Gross Margin

No. ( $ /Acre )

I WPAAA 767.71

2 WPAAAA 697.23

3 WPC 774.57

4 WPCAAA 739.04

5 WPCAAAA 682.72

6 WPCW 537.56

7 WPCWP 941.65

8 CAAA 348.65

9 CAAAA 347.88

10 CWP 774.57

11 CWPW 724.43

12 CWPWPCAAA 771.70

13 CWPWPCAAAA 729.01

14 CWPWPAAA 715.25

15 CWPWPAAAA 674.09

16 PW 939.86

17 PWPCAAA 925.52

18 PWPCAAAA 852.93



Table (5.4) Cont. Est1ated Average Annual Gross Margins for

33 Irrigated Crop Rotations.

19 PWCWPCAAA 776.87

20 PWCWPCAAAA 733.66

21 PWCWPCW 745.92

22 PWPAAA 875.89

23 F1PAAAA 800.02

24 PCWPCAAA 807.19

25 PCWPCAAAA 755.81

26 826.76

27 PCAAAA 746.49

28 PAAA 881.92

29 PAAAA 774.50

30 A 344.80

31 AA 399.54

32 AAA 396.43

33 AAAA 383.52

99

Crop Rotation Rotation Average Annual Gross Margin

No. ($/Acre)



Comparative Assessment of Gross Margin Variability

for Individual Crop Activities

Gross margin variability is a source of risk in farming, As an

objective risk measure, the coefficient of variation can be used to

assess the relative riskiness of the individual crop rotation activi-

ties via a rank ordering. It provides a measure of risk per dollar of

expected returns. The standard deviation assesses the degree of varia-

bility (risk) in absolute terms. Further, the information on average

gross margins provides some absolute measure of the pay-off for a

given level of risk.

Summary statistics on estimated gross margins for individual crop

activities are presented in Table (5.5), The statistics are not sur-

prising when viewed in light of the available data on yields, prices,

and costs as well as the genera]. opinion of the manager of the case

farm. As expected, all potatoe activities showed the highest average

gross margins per acre and the highest standard deviations, but corre-

spondingly were relatively low in risk with respect to the coefficient

of variation. This may explain in part the current popularity of this

crop in the study area. Again as expected, all corn activities showed

the lowest average gross margins but corresponded to high standard de-

viations and. the highest risk with respect to coefficient of variation.

Finally, all wheat and alfalfa activities showed low average gross

margins, and also the lowest standard deviations and coefficients of

variation. Coefficients of variation for wheat and alfalfa range from

0.20 to 0,25, excepting only the WWP rotation activity with a coeffi-

cient of variation equal to 0,38. Corn activities are highly risky

100
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Table (5,5) Summary Statistics of Estimated Gross Margins for Crop

Activities with Wheat, Corn, Potatoes and Alfalfa as

Initial Crops.

Crop

Activity Average

Standard

Deviation CV Range Skewness Kurtosis

WPW. 268.83 57.0 0.21 203.0 -0.31 2.07

YPA. 304.52 60.0 020 215.0 -0.38 2,11

WPC. 295.00 59,0 0.20 212.0 -0.36 2.10

WCW. 208.76 52.0 0.25 185.0 -0.20 2.01

WWP. 116.57 44,0 0.38 153.0 -0.11 2.04

WAA. 268.83 57.0 0.21 203.0 -0.31 2.07

CWWP 32.74 136.0 4.15 520.0 0.28 2.25
CWPW 107.52 1380 1,29 544.0 0.33 2.37

CWPC 32.74 136.0 4.15 520.0 0.28 2.25
CAAA 107.52 138.0 1.29 544.0 0.33 2.37

1626.92 624.0 0.38 2389.0 1.03 3.12

PWPC 2022.15 730.0 036 2720.0 1.00 2.95

PWCW 2224.82 791.0 0.35 2907.0 0.99 288
PWPA 1439.87 574.0 0.40 2232.0 1.05 2.23

PCWP 1885.21 693.0 037 2605.0 1.01 3.00

PCWW 1626.92 624.0 0.38 2389,0 1.03 3.12

PCAA 2666.77 907.0 0,34 3260.0 0.97 2.78

PAAA 2294.92 805,0 0.35 2949.0 0.99 2.86



Crop Standard

Activity Average Deviation CV Range Skewness Kurtosis

AA 292.1k 63.0 0,22 2314.0 -0.001 2.1k

381,7k 75.0 0.20 279.0 -0.005 2.19

AAAA 329.29 67.0 0.20 252.0 -0.015 2.20

The notation represents any crop in X crop rotation activity,

The * notation represents any crop in X11 crop rotation activity

except alfalfa.
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Table (5.5) Cont. Summary Statistics of Estisated Gross Margin for

Crop Avtivities with Wheat, Corn, Potatoes and

Alfalfa as Initial Crops.
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with coefficients of variation ranging from 1.29 to 4.15. Potatoe act-

ivities show coefficients of variation of 0.37 on the average.

Gross Margin Correlations Between Crop Activities

Correlation relationships between gross margins of crop rotation

activities have major effect on diversification. Generally, negative

correlation coefficients are important for reducing farm gross margin

variability through diversification. Thus, if gross margin for two

crop activities are negatively correlated, low gross margin for the

first activity in a year is expected to be counterbalanced by high

gross margin for the other and vice versa. Hence, a crop rotation

that includes some of both crop activities has a leveling effect on

farm gross margin. Conversely, crop activities with positively corre-

lated gross margins have less potential for reducing total farm gross

margin variability via diversification, With high positive correla-

tions, gross margin stabilization can best be achieved by substituting

crop activities having low income variability (Zink and Held, 1981).

Furthermore, less than perfect correlation between potential crop act-

ivities is fundamental for reducing gross margin variability through

diversification.

The correlation coefficients between gross margin of individual

crop activities and their covariances are presented in Tables (5.6)

and (5.7). The correlations between wheat, potatoe, and alfalfa acti-

vities are positive and piite low. They ranged from 0.07 to 0.47.

Conversely, the correlations between corn activities and the rest of

crop activities are negative and low. The negative correlations sug-

gest a greater potential for reducing farm gross margin variability



Table (5.6)

WIlY

Correlation Matrix of Gross Income Margin Data from Twenty-One Crop Rotation Activities.
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Table (5.7)
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via diversifying between corn and other activities versus diversifying

among wheat, potatoes and alfalfa only. The higher coefficient of var-

iations of corn activities due to a lower gross margin and a higher

standard deviation would tend to offest partially the benefit of the

negative correlations between corn and other crop activities. The net

effect is determined from the risk averse linear programming results.

Risk Averse Model Data Specification

The risk averse crop rotation model requires a series of observa-

tions on both gross margins and gross margin deviations per acre for

each crop rotation activity. Data on crop prices, yields, and costs of

production are needed to estimate the required series of observations.

Complete historical data on crop prices, yields, and production

costs were not available for the case farm. Therefore, secondary data

on crop prices and production costs provided the basis for this study.

These data are complied by an extension farm management specialists at

Oregon State University and by county agents. A brief description of

average annual prices, costs of production, and yields Is presented

below.

Average Annual Prices

Eight years data (1975-4982) on average annual prices received

by farmers In the study area for the wheat, corn, potatoes and alfalfa

are considered in this study. These data are obtained from the

Extension Economic Information Office at Oregon State University.

They are presented in Table (5.8) and drawn from Appendix B.
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Production In the Hermiston Area of Oregon.

Year

Price

($/ton)

Wheat

Variable Cost

($/acre)

Corn

Price Variable Cost

(s/ton) (S/acre)

Potatoes

Price Variable Cost

(S/ton) ($/acre)

Alfalfa

Price Variable Cost

(S/ton) ($/acre)

1975 128.00 130.30 109.30 274.00 107.00 691.90 66.50 158.00
1976 95.00 113.80 101.10 290.40 80.00 622.60 72.90 155.00
1977 88.00 115.110 89.93 287.20 91.67 626,50 61.90 156,40
1978 120.67 118,70 97.14 24450 85.33 638.10 53.70 16o.5o

1979 126,67 126.50 111,07 266.20 86.67 689.90 75.80 177.80
1980 134.67 160,00 139.88 321.50 146.67 803.50 91.10 210.40
1981 128.33 175,20 105.00 348,30 173.33 884.20 71.90 229,20
1982 130,33 181.80 114.28 361.50 120.00 928.00 89.00 241,70



Average Annual Costs of Production:

Lack of historical data on production costs per acre for the

above crops over eight years poses some additional difficulties in

estimating gross margins and gross margin deviations for crop rotation

activities. Crop budgets available from the Extension Economic Infor-

mation Office at Oregon State University were the only available data

with which to generate production cost series. Only 1975 and 1978 ir-

rigated crop budgets exist The index of prices paid by farmers for

production items (parity price) was used in developing cost estimates

for the rest of the series,

To obtain the 1979 crop cost, the cost in 1978 (the reference

period) was multiplied by the price index ratio of 1979 over 1978.

This can be summarized in equation form as:

108

= c.78(Pi.79 / P1.78)

where:

(5.3)

C79 = cost of item j in 1979;

C.78 cost of item j in 1978;

P179 price index of item j in 1979;

P178 price index of item j in 1978.

Cost expressed in 1979 terms is the sum of expenses for all individual

variable input items included in the production process of given level

of output. Total variable cost for each crop under study is presented

in Table (5. 8). These data are drawn from generated irrigated crop

budgets presented In Appendix B.

Cost items for crop budgets were generated so that variable and
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fixed costs could be calculated. Variable costs are those associated

with: 1) materials used such as seed, fertilizer including applica-

tion, and chemicals and their application; 2) operating irrigation

equlpnent which includes fuel, lubrication and repair, other costs of

operating machinery needed to perform cultural and harvesting opera-

tions, and power used in irrigation pumping; 3) other direct expenses

which include custom hauling, crop insurance, baling wire, and gopher

control; Li.) irrigation labor and other labor needed to perform cul-

tural and harvesting operations; and 5) interest on loans used for

covering variable costs. Fixed costs include depreciation, interest

on average investment in machinery and irrigation equipnent, taxes,

insurance and management charge (which is estimated at L% of all other

costs except land investment, water, and management). Gross income

over total variable costs (i.e., gross margin) is a return to fixed

cost, management and risk.

Average Annual Yields:

Data on average annual yields for irrigated crop rotation activi-

ties are presented In Table (5.9 ). These data are drawn from Tables

(L12), (4.4), (4.6) and (4.8) using the following equation:

Y. C+B T +p CR
3t tt nfl

where:

Y = average annual yield per acre of crop rotation activity j
,jt

in year t; t1,2,..,4

C estimated average yield per acre associated with all

dummy variables at zero level;



Table (59) Estimated Average Annual Yields for Irrigated Crop

Activities with Wheat, Corn, Potatoes and Alfalfa

Production as Initial Crops.
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No. Crop Preceding Crops Estimated Yield (tons/acre)

1979 1980 1981 1982

1 Wheat Potatoes-Wheat 2.99 3.38 3.76 3.62
2 Potatoes-Alfalfa 3.29 3.68 4.06 3.92

3 Potatoes-Corn 3.21 3.60 3.98 3.84
4 Alfalfa-Alfalfa 2.99 3.38 3.76 3.62

5 Corn-Wheat 2,49 2.88 3.26 3.12

6 Wheat-Potatoes 1.71 2.10 2.48 2.34

7 Corn Wheat-Wheat-potatoes 4.71 2.58 1,55 3.41

8 Wheat-Potatoes_Wheat 5,40 3.27 2.24 4.10

9 Alfalfa-Alfalfa-Alfalfa 540 3.27 2.211 4.10

10 Wheat-Potatoes-Corn 4.71 2.58 1.55 3,111

11 Potatoes Wheat-PotatoesWheat 20.80 19.15 24.13 20.80
12 Wheat-Potatoes-Corn 24.35 22,70 27.68 24.35
13 Wheat-Corn-Wheat 26.35 24.70 29.68 26.35
iLl Corn-Wheat_potatoes 23.12 21.47 26,45 23.12
15 Corn-A1fa1faAlfalfa 30.14 28.49 33.47 30.14

16 Alfalfa-Alfalfa-Alfalfa 26.80 25.15 30.13 26,80

17 Corn-Wheat-Wheat 20.80 19.15 24.13 20.80

18 Wheat-Potatoes_Alfalfa 19.12 17.47 22115 19.12



Table (5.9) Cont Estlaated Average Annual Yields for Irrigated

Crop Activities with Wheat, Corn, Potatoes and

Alfalfa Production as Initial Crops.
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No. Crop Preceding Crops Estlaated Yield (tons/acre)

1979 1980 1981 1982

19 Alfalfa &lfalfa 6.37 6.66 6.86 6.37

20 Alfalfa-Alfalfa 7.60 7.89 8.09 7.60

21 Alfalfa-Alfalfa_Alfalfa 6.88 7.17 7.37 688
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Tt 1 if the observation relates to year t

0 otherwise;

CR 1 if the observation relates to the two or three preceding
n

crops

0 otherwise;

expected increment to yield when crop is grown in year t;

p expected increment to yield when the grown crop is pre-n

ceded by crops n.

Four average annual yield observations were generated for each crop

rotation activity, one observation for each year.

1. Estimation of Gross Margins:

A small Fortran program was written to generate 32 observatIons

on gross margin per acre for each crop rotation activity using the

following equation:

C . = P. *Y. -rj jt jt

where:

(5.5)

C = gross margin per acre of the rth observa r1,2,..,32

tion of the crop rotation activity j; j1,2,..,21

= average annual price of the initial crop

in crop rotation activity j at year t;

= average annual yield of crop rotation

activity j at year t; t1,2,..,Ls

Bit
average annual variable costs of producing

the initial crop in crop rotation activity j

at year t. t1,2,..,8



Gross margins per acre for the twenty-one crop rotation activi-

ties were estimated and are presented in Appendix B. The generated

gross margin data for each crop rotation activity was used as the

basis for generating the risk measure. Gross margin per acre for each

crop rotation activity was examined for possible trend using the lin-

ear time trend and first differences method. The results were not

significant, i.e., no trend was evident so the crop technology was

assumed to be accurately presented by average yield and annual prices

and costs by their nominal values. Consequently, gross margin devia-

tions per acre for crop rotation activities are considered to realis-

tically measure risk.

2. Estimation of Gross Margin Deviations:

A series of 32 observations on gross margin deviations per acre

for each crop rotation activity was estimated using the following

equation:

D. = C -c
rj j

(5.6)

where:

Drj gross margin deviationper acre of the rth r=

observation for the jth crop rotation

activity; j1,2, . . ,21

Crj gross margin per acre of the rthtobserva-

tion for the jth crop rotation activity;

C, average gross margin per acre of the jth

crop rotation activity.

In this study, the simple average of the gross margin observations

113



for each crop rotation activity, C.., is considered to be the expected

gross margin value for each crop rotation activity, The deviation of

gross margin observations from the expectation, is assumed to be

the difference between what farmers expect will happen and whet actu-

ally occured. This deviation represents the random component in the

gross margin observation and is used as a measure of risk. Gross

margin deviations per acre for the twenty-one crop rotation activi-.

ties are presented in Appendix B.

Risk Averse Model Results

The preceding discussion began with comparative statistics con-

cerning individual crop choice. A discussion of correlation relation-

ships among individual crop rotation activities and its effect on di-

versification was then presented. This information, while useful,

does not take risk aversion into account. Risk aversion may lead to

a trade-off between risk and gross margin (profit) which occurs when

a producer alters his cropping pattern to reduce risk at the expense

of profit. It is generally true that as cropping becomes more diver-

sified the variability of profit will be reduced, This is the ration-

ale for diversification as a risk minimizing strategy. However, se-.

lecting risk minimizing crop rotations is often suggested as a useful

procedure because it may provide a trade-off between profit and risk

among alternative crop rotations. As a result, the farm manager may

be made aware of potential gains and losses associated with alterna-.

tive crop rotations.

The purpose of this section is to demonstrate a possible use of

a risk averse model. To fulfill this purpose, the risk averse model
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developed in chapter III is utilized to derive a series of efficient

frontiers. Such frontiers provide information concerning the trade-

off between crop rotation gross margins and risk.

An efficient frontier (hereafter called frontier one) is estimat-

ed from all crop rotation activities. Mean gross margin from these

activities are presented in Table (5.10). The results of this estima-

tion are presented in Table (5.11). Examination of the Table reveals

that the first three model runs associated with 0.0 (i.e., risk neu-

tral), 0.001 and 0.5 values of the risk aversion coefficient (A) re-

suited, in the same rotation. This rotation has the land distributed

only to WPWP and PWPW activities each with 0.5 acre. These activities

make up an optimum continuous two year wheat-potatoes rotation. This

rotation produces an expected gross margin, estimated standard devia-

tion, and coefficient of variation of $948, $328 and 0.35, respective-

ly. However, the results of risk averse model associated with 0.0

(i.e., risk neutral) value of A is different from risk free model re-

sults due to different data set of gross margins. When A approached

1.0 the resultant rotation emphasizes considerable diversification

where about 50 percent of the acreage was released from both WPWP and

PWPW and redistributed to PWPC, WPCA, PCAA, CAAA, AAAP, AAPW, and APWP

activities. Each of the new activities had 0.07 acre. The above act-

ivities form an optimum 9 year rotation of PWPWPCAAA, where 33 percent

of the land is planted in potatoes, 22 percent is planted in wheat, 11

percent is planted in corn, and 33 percent is planted in alfalfa. The

associated expected gross margin, estimated standard deviation, and

coefficient of variation are $912, $292, and 0.32, respectIvely. In-

creasing A to 1.5 and then to 175 resulted in a less riskier plan



Table (5. 10) Mean Gross Margins for Irrigated Crop Rotation

Activities with Wheat, Corn, Potatoes, and Alfalfa

Production as Initial Crops.
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The notation represents any crop in crop rotation activity.

The * notation represents any crop in crop rotation activity

except alfalfa.

Wheat Preceded

BY

Corn Preceded

By

Potatoes Preceded

By

Alfalfa Preceded

By

Pw. $268.83 WWP $32.74 wwp $1626.92 A** $292.14

PA. 304.52 WPW 107.52 WPC 2022.15 * 381.74

PC. 295.00 WPC 32.74 WCW 22411.82 AAA 329.29

CL 208.76 AAA 107.52 WPA 1439.87

WP. 116.57 CWP 1885.21

AA. 268.83 CWW 1626,92

CAA 2666.77

AAA 2294.92



Table (5.11) Risk Averse Model Results: Summary of Efficient Farm Plans for All Crop Activities.

Risk Expected Standard Coefficient Crop Rotation Activities Per Acre
*

Aversion Gross Deviation of

Coefficient Margin (Risk) Variation WPWP WPAA WPCA CAAA WPW PWPC PCAA PAAA APWP AAPW AAAP

The * flotation represents an estimated standard deviation calculated using the equation(2.4.4),

a. The activity is APAA. b. The activity is AAPA. c. The activity is AWPA.

d. The activity is AAWP. e The activity is AAAW.
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1.00
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2.00

2.25

2.50

$948.00

948.00

948.00

912.00
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871.00

825.00

825.00

721.00

$328.00

328.00

328.00

292.00

255.00

255.00

230.00

230.00

188.00

0.35

0.35

0.35

0.32

0.29

0.29

0.28

0.28

0.26

.50

.50

.50

.26

.20

.07

.14

.14

.07

.14

.14.

.50

.50

.50

.26

.14

.14

.07

.14

.14

.07

.14

.14

.25

.25

.20

.07

.14

.14
a

.25

.2?
2c

.07

.14

.14
b

.25

25b

2d

.07

.14

.14

.25

.25

e



118

still. Here, the acre is redistributed to PWPC, WPCA, PCAA, CAAA,

AAAP, AAPW, and APWP crop activities, each with about 0.14 acre.

These activities make up an optimum 7 year rotatin PWPCAAA, where 29

percent of the land is planted in potatoes, 14 percent is planted in

wheat, 14 percent is planted in corn, and 43 percent is planted in

alfalfa. This rotation generates an expected gross margin, estimated

standard deviation, and coefficient of variation of $871, $255, and

0.29, respectively1 This rotation is currently in use on the case

farm. As A approached 225 the acreage is distributed to PAAA, AAAP,

AAPA, and APAA activities each with 0.25 acre. These activities make

up an optimum 4 year rotation PAAA, where 25 percent of the land is

planted in potatoes and 75 percent is planted in alfalfa. This rota-

tion results in an expected gross margin, estimated standard deviation,

and coefficient of variation of $825, $230, and 0.28, respectively.

Finally, when A is increased to 2.5 the acreage is redistributed to

WPAA, PAAA, AAAW, AAWP, and AWPA activities, each with 0.20 acre.

These activities make up an optimum 5year rotation WPAAA, where 20

percent of the land is planted in potatoes, 20 percent is planted in

wheat, and 6o percent is planted in alfalfa. This rotation accom-

plishes the lowest expected gross margin, estimated standard devia-

tion, and coefficient of variation of $721, $188, and 0.26, respec-

tively.

For the same reasons mentioned in the risk free model section it

would be appropriate to run a risk averse model under restricted al-.

ternatives to see how risk averse management behavior affects crop

rotation selection. The efficient rotations associated with each

experiment will be along the restricted efficient fronter represents
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the trade-off between expected gross margin and risk level. In this

section, three efficient frontiers called frontier two, three, and

four are presented.

Frontier two is estimated from all crop activities except corn.

The results of this estimation are presented in Table (5.1.2). Four

model runs associated with A ranging from 0.0 to 1.0 resulted in a

risky specialized plan where land Is distributed only to WPWP and PWPW

activities, each with 0.5 acre. These activities form an optimum two

year rotation of continuous wheat-potatoes. This optimum rotation

achieves an expected gross margin, estimated standard deviation, and

coefficient of variation equal to $9z8, $328, and 0.35, respectively.

This solution represents the maximum expected gross margin point on

efficient frontier two, With A in the interval 1 < A < 2.25, land is

redistributed to PAAA, AAAP, AAPA, and APAA activities, each wIth 0.25

acre. The above activities make up an optimum 4' year rotation PAAA,

where 25 percent of the land is planted In potatoes and the remaining

75 percent in alfalfa. The optimum rotation produces an expected gross

gross margin, estimated standard deviation, and coefficient of varia-

tion of $ 825, $230, and 0.28, respectively, Finally, when A in-

creased to 2.5 the land is redistributed to WPAA, PAAA, AAAP, 4UWP,

and AWPA activities, each with 0.20 acre. These activities form an

optimum 5 year rotation WPAAA, where 20 percent of the land Is planted

in wheat, 20 percent is planted inpotatoes, and 6o percent is planted

In alfalfa. This rotation generates the lowest expected gross margIn,

estimated standard deviation, and coefficient of variation of $721,

$188, and 0.26, respectiviely.



Risk Expected Standard Coefficient Crop Rotation Activities Per Acre
*

Aversion Gross Deviation of

Coefficient Margin (Risk) Variation wpwp WPAA PWPW PAAA APAA AAPA AAAP

The * notation represents an estimated standard deviation calculated using the equation (2.44).

a. The activity is AWPA. b. The activity is AAWP. c. The activity is AAAW.
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Table (5.12) Risk Averse Model Results: Summary of Eff41t V s In Plans for All crop Activities cept

Corn.
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Frontier three is derived from all crop rotation activities ex-

cept WPWP and PWPW. These results are presented in Table (5.13). The

model runs associated with A ranging from 0.0 to 1.75 resulted in an

optimum plan consisting of PWPC, WPCA, PCAA, CAAA, AAAP, AAPW, and

APWP activities, each with 0.14 acre. The above activities make up

an optimum 7 year rotation PWPCAAA, where 29 percent of the land is

planted in potatoes, 14 percent is planted in wheat, 14 percent is

planted in corn, and 43 percent is planted In alfalfa. This rotation

results In an expected gross margin, estimated standard deviatlion,

and coefficient of variation equal to $871, $255, and 0.29, respec-

tively. As A approaches 2.25, land is redistributed to PAAA, AAAP,

AAPA, and APAA activities, each with 0.25 acre. These activities

form an optimum 4 year rotation PAAA, where 25 percent of the land Is

planted in potatoes and 75 percent in alfalfa. This rotation gener-

ates an expected gross margin, estimated standard deviation, and cof-

ficient of variation of $825, $230, and 0.28, respectively. Finally,

when A increases to 2.5 the model distributed land to WPAA, PAAA,

AAAP, AAWP, and AWPA activities, each with 0.20 acre. These activi-

ties make up an optimum 5 year rotation WPAAA, where 20 percent of

the land is planted in wheat, 20 percent in potatoes, and 60 percent

in alfalfa. This optimum rotation associates with an expected gross

margin, estimated standard deviation, and coefficient of variation of

$721, $188, 0.26, respectIvely.

Frontier four is estimated from all crop rotation activities ex-

cept corn, WPWP and PWPW. These results are presented in Table (5.14),

and show that the first three runs are associated with the low risk

aversion coefficients, x. 0.0, 0.001, and 0.5 resulted In an optimum



The * notation represents an estimated standard deviation calculated using the equation (2.44).

a. The activity is APAA. b. The activity is AAPA, c. The activity is AWPA.

d. The activity is AAWP e. The activity is AAAW.

Table ('5.13) Risk Averse Model Results2 Summary of Eft'1Mnt Farm P1

Except WPWP and WPW.
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3. - (5.14) Risk Averse 'iodel Reuit; Summary of Efficient Farm Plans for All Crop Activities

Except Corn, WPWP and PWPW.

The * notation represents an estimated standard deviation calculated using the equation (2.L4).

a. The activity is APAA. b, The activity is AAPA. c. The activity is AWPA.

d. The activity is AMP. e, The activity is AAAW.
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Coefficient Margin (Risk) Variation WPAA PWPA PAAA AWl' AAFW AAAP



plan of PWPA, WPA, PAAA, AAAP, AAPW, and APUP activities, each with

0.17 acre. These activities form an optimum 6 year rotation PWPAAA,

where 33 percent of the land i planted in potatoes, 17 percent in

wheat, and 50 percent in alfalfa. This rotation achieves an expected

gross margin, estimated standard deviation, and coefficient of varia-

tion equal to $840, $252, and 0.30, respectively. As A approaches

2.25, land is redistributed only to PAAA, AAAP, AAPA, and APAA act-

ivities, each with 0.25 acre. The above activities make up an opti-

mum year rotation PAAA, where 25 percent of the land Is planted in

potatoes, and the remaining 75 percent in alfalfa, This rotation gen-

erates an expected gross margin, estimated standard deviation, and cof-

ficient of variation of $825, $230, and 0.28, respectively. Finally,

when A increases to 25 results in land distribution to WPAA, PAAA,

AAAW, AAWP, and AWPA activities, each with 0.20 acre. These activi-

ties form an optimum 5 year rotation WPAAA, where 20 percent of the

land is planted in wheat, 20 percent in potatoes, and 60 percent in

alfalfa. This rotation produces an expected gross margin, estimated

standard deviation, and coefficient of variation of $721, $188, and

0.26, respectively.

Selecting Crop Rotation Plan

A major characteristic of farm production is the imperfect know-

ledge of future levels of Inputs, outputs and prices which cause farm

gross margin fluctuations, Based on the assumption of normality of

gross margin stated earlier, gross margins fluctuate around the mean

as expected. Using estimates of expected gross margins and standard

deviations, confidence intervals about obtaining specified level of
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gross margin at different probability levels can be constructed. These

confidence intervals can help the farm manager to make the choice by

pointing out the chances of success or failure. Table (5.15) presents

90%, 95% and 99% confidence intervals corresponding to different levels

of gross margins. By using the lower bound estimates, farm manager may

be confident that a specific crop rotation will yield a gross margin

greater than the lower bound at least 90%, 95% or 99% of the time. The

degree of confidence that a farm manager is willing to accept depends on

his risk averse behavior as a decision maker, For example, if he chooses

the crop rotation which produces a maximum expected gross margin equal

to $948 he may stand in any given year 10, 5 or 1 chances in 100 that

his expected gross margin will be less than $528.2, $tl08.4 or $183.8,

respectively, On the other hand, if he chooses a rotation which

achieves a maximum expected gross margin equal to $721, he may stand in

any given year 10, 5 or 1 chances in 100 that his expected gross margin

will be less than $i80.4, $1411.7 or $283.0, respectively.

Crop Rotation Summary

To summarize the above discussion, one can conclude that the re-

suits indicate the nature of the relationship involved in the trade-off

between expected gross margin and risk i.e., the higher the expected

gross margin the greater the risk. The results also indicate the effect

of diversification versus specialization in reducing risk. Further,

agronomic and data constraints were introduced into the analysis to

reflect current practices on the case farm.

Tables (5.11) to (5,1L4) show that changes in crop rotations and

proportions of land allocated to crop activities in rotations affect



Table (5 15) ProbabIlIty Statements About AttaInIng SpecifIed Levels of Actual Gross Margins.

The * notation represents an estimated standard deviation calculated using the equation (2.44).
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expected gross margin, estimated standard deviation, and the coefficient

of variation. An initial observation concerning these Tables is that

the model consistently selects a continuous wheat-potatoes rotation at

the risk neutral and lower risk aversion coefficients associated with

both high expected gross margin and risk. This indicates the importance

of both potatoes and wheat and the failure of alfalfa to assume any po-

sition in this rotation. This simply because potatoes are risky and

high cash-value crop in contrast to alfalfa. On the other hand, at

higher risk aversion coefficient alfalfa became important in rotations

associated with low expected gross margin and risk. Further, as the

risk aversion coefficient increases the risk level decreases at a more

rapid rate than the corresponding expected gross margin. Finally, at

risk aversion coefficient values of 2.5 the risk averse model consist-

ently selects the 5 year WPAAA rotation in all model runs. Obviously,

there is a superiority of this rotation in terms of reducing the overall

farm gross margin variability; however, this superiority came at the

price of lower expected gross margin.

Each E-a frontier represents an efficient set of crop rotations,

and no rotation on the frontier is better than another. Each crop rota-

tion is optimal or best in the sense no other rotation can provide the

associated expected gross margin and estimated risk. Consequently, if

the farm manager desires a specific level of expected gross margin and

risk, the Tables provide the crop rotation which will yield that gross

margin given the assumption and the constraints of the model. The final

decision in selecting a crop rotation will depend upon the personal

preference and attitudes of the farm manager towards risk.



CHAYrER VI

SUMMARY AND CONCLUSIONS

Crop rotation selection is an important decision in terms of its

impact on profitability, financing, and risk of the farm business.

These improtant impacts make crop rotation selection an economic deci-

sion problem. The objective of this thesis was to develop procedures

for the selection of farm level optimum crop rotation plans under

perfect and imperfect knowledge of prices, yields, and costs of pro-

duction. This was done for a case study of the Ilermiston area of

Oregon. Consideration of risk in farm gross margin was regarded as

an Important characteristic of this decision problem. The study fo-

cused on the economics of alternative crop rotation selection, par-

ticularly in regard to current crop rotation practices on the case

farm.

This chapter begins with a review of the thesis problem, objec-

tives, and methodology. The second section summarizes the general

conclusions, case study conclusions and implications that the pro-

gramming results have for the farmers of the Hermistori area. Finally,

limitations and directions for further research are indicated.

Problem, objectives and Methodology

The difficulty of crop rotation choice results from the large

number of factors entering the decision process, and from the inter-

relationships between and among these factors. Economic pressures at

the farm level coupled with technical interrelationships of crops re-

quire that farmers carefully consider rotation selection. Knowledge

128
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of interrelationships between individual crops aid farm managers to

select crop which have favorable technical relationships in rotation

with others so as to maximize farm gross margin. The importance of

these technical relationships is justified by: 1) control of insects,

plant diseases, and weed pests; 2) improvement and/or maintenance of

soil productivity; 3) reduction in soil erosion; 4) reduction in sea-

sonal resource requirement conflict; and 5) income stability. The

difficulty of crop rotation selection still remains due to the un-

known limitations of the above benefits. This study focused on a few

of the many factors affecting crop rotation selection: variability

and mean of gross margins due to annual weather; crop variety; plant-

ing and harvesting date; and specific rotation.

In the analysis of this problem, a production function for irri-

gated wheat, corn, potatoes, and alfalfa was specified in terms of

dummy variables to represent the above qualitative decision variables.

This work made possible by the use of the oridnary least squares (oLS)

method. The essence of the regression technique involved generating

a dummy variable for all categories within a given variable group ex-

cept one The dummy variable was defined for a category as one if the

observation related to that given category and zero otherwise. A

dummy variable was not specified for the first category to avoid ma-

trix singularity, rather this term was collapsed into the Intercept.

With this background interpretation of the regression coefficients

became straightforward. For given independent variable group, the

coefficient on a specified dummy variable measured the differential

effect on the dependent variable between the indicated dummy variable

(receiving value of one) and the one which had been collapsed Into the
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intercept. As a result the t test examined the hypothesis that both

the included and excluded categories (dummies) had an identical impact.

Based on the above framework, a model for each crop was chosen

on the basis of the best fit to the data under study. Estimates were

done on the net effects of the above mentioned variables in develop-.

ing a series of gross margins for crop rotation activities to be used

in budgeting of alternative crop rotations. The data for this analy-

sis were obtained from a large incorporated farm located near Columbia

River in the Heriniston area of Oregon. They consist of time series

and cross sectional observations covering a four year period (1979-

1982).

The major criterion influencing the selection of the optimum

whole farm crop rotations was farm gross margins (profit) niaximiza-

tion. On the basis of this criterion, an empirical annual equili-

riuni crop rotation model was built via a risk free profit maximizing

linear programming technique. This model was called a risk free model

and represents an individual farm operating within perfectly coinpet-

tive agricultural sector. The model activities were the crop rotat-

tion activities generated by OLS procedure. There were 100 crop rota-

tion activities in the model with 24 activities representing wheat, 4.

activities representing corn, 8 activities representing potatoes, and

64 activities representing alfalfa. The data requirement for the risk

free linear programming were average gross margin per acre for each

crop rotation activity under consideration. Average gross margin per

acre was obtain d by multiplying the average yield by the 1982 aver-

age price received by Hermiston's farmers less the average 1982
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variable costs per acre paid by Neriniston 's farmers. The data on

prices and variable costs for the irrigated crops of wheat, corn,

potatoes, and alfalfa were obtained from the Extension Economic Infor-

mation Office at Oregon State University. Data on average annual

yields for crop rotation activities were developed by taking an aver-

age effect of year, an average effect of crop variety and an effect

of preceding crops with the base planting and harvesting dates.

Another major criterion influencing the selection of the opti-

mum whole farm crop rotations was risk avoidance. On the basis of

this criterion, explicit consideration of risk was incorporated into

the risk free model using a modified MGAD formulation model. This

model was called a risk averse model and was used to select the most

efficient crop rotation plans. It had the same formulation as the

risk free linear programming model except that the objective function

of the risk averse model was the difference between gross margins

overall crop rotation activities and risk aversion coefficient times

total positive deviations (TPD) of gross margins for all activities.

14OAD rows were also added. The data requirements for the risk averse

linear programzujng were a series of 32 observations on both gross

margins and gross margin deviations per acre for each crop rotation

activity. The data used to generate the above observations were 8

years data (1975-1982) on average prices received and variable costs

paid by Heriniston's farmers for irrigated crops. In addition, 4 year

yield data (1979-1982) on crop rotation activities were derived from

regression results in chapter IV.



General Conclusjos

The general Conclusions from this research fall into two major

areas: Conclusions concerning methodology; and conclusions concern-

ing the applicability of the methodology.

Methodology: The important question to be addressed in concluding

this research is: how should crop rotation selection be modeled?

This research adds a new way of doing this. The new approach is based

on an equilibrium one year crop rotation model which was built utiliz-

ing either a risk free profit maximizing or a risk incorporating linear

programming technique. The model adjusts fully into a final static

equilibrium solution which can be adopted as a fairly permanent prac-

tice in the long run as long as the available resources remain un-

changed. The thesis also explored way of constructing the yield cof-

ficients utilizing experimental data and oridnary least squares (OLS)

procedure. This model performed successfully in selecting crop rota-

tions comparable to the rotations practiced on the case farm when ad-

equate agronomic and risk considerations were introduced in the analy-.

sis.

Another conclusion involves the impact of gross margin risk on

crop rotation selection. The experiments with risk aversion coeffi-

cient reflects the importance of risk consideration in improving the

models predictive performance. The model predicts successfully crop

rotations actually used on the case farm at higher levels of the risk

aversion parameter. When the risk aversion coefficient equalled 1.0

and in the interval of 1.5 to 1.75, the model selected the 9 year

PWPWPCAAA and 7 year PWPCAAA rotations, respectively.
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A third methodological conclusion Involves the use of both risk

free and risk averse models as an alternative to budgeting technique

in selecting the most profitable crop rotation and vice versa, The

budgeting technique may be preferred by farmers because it is simple

to handle in analyzing decisions. It also provides an opportunity to

examine more than one alternative1 while the linear programming models

select only one rotation. The linear programming model is exactly

analogous to the budgeting technique but allows one to more easily

enumerate alternatives. The linear programming also allows one to

easily handle risk. On the other hand, one could include risk in

budgeting technique by discounting the average gross margin for any

crop rotation by the appropriate risk aversion coefficient times the

mean absolute deviation.

The last conclusion involves the incidence of " unprofitable

crops in a rotation. The above framework clearly demonstrates less

profitable crops such as corn or alfalfa will be included in rotations

If their presence exhibits a positive influence on subsequent crops.

Consequently, one should not consider crops In isolation but rather

should examine crops in rotation whenever a rotation is present.

Applicability of the methodology: The specific results presented in

this study are applicable for irrigated crops in the study area or In

other areas with similar farming situation. The crop selection may be

quite different In other areas and for other crops. Further, gener-

alization of these results to the entire area of Oregon is not strict-

ly possible since the case farm is not necessarily a representative

farm. However, crop rotation methodology developed In this study pro-

vides a realistic method of modeling crop rotation selection. It can



be used on small farms as well as large farms. It is not restricted

to the four irrigated crops (wheat, corn, potatoes, and alfalfa); it

can be used for modeling other crops in the same area or other areas.

Also, the model can be used for repetitive use where the data set can

be modified and used with the same framework.

In other settings, the methodology can be used by researchers as

a technical device to explore and evaluate alternative crop rotation

activities under risk consideration and select the optimal crop rota-

tion plan. It also can be used by extension personnel as a guidence

in providing information to farmers and farm managers In terms of pro-

blem formulation and solution as well as budgeting techniques.

Case Study Conclusions and Implications

In addition to general conclusions, we review more specific con-

clusions and implications concerning the case study. Following the

regression analysis in chapter IV gross margins for 21 crop budgets

were developed for each crop rotation activity. They were developed

by taking an average effect of year and an average effect of crop

variety with the base planting and harvesting date, an effect of pre-

ceding crops, then using 1982 prices and costs. The results showed

that the most profitable crop activities are potatoes followed by

alfalfa and then wheat. Corn activities are the least profitable act-

ivities.

In addition, budgets for 33 crop rotation possibilities were

developed by using the gross margins of various crop rotation activi-

ties included in the rotation. The results showed that the most
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profitable crop rotations are 5 year PWRW, 2 year PW, 7 year PWPCAAA,

and 11. year PAAA in the indicated order.

The solution to the crop rotation problem may be difficult to use

on the case farm. Comparison of this solution with the actual farm

practices may help to identify model shortcoming and needed revisions.

A Comparison also may identify aspects of the solution which may make

it especially valuable to the farm manager, In this context, the risk

free model results indicated that the optimum rotation when all crop

activities were included in the model was the 5 year rotation WPWPC.

Such rotation is not recommended for sandy soils due to its effect of

rapid breakdown of organic matter, thus leaving the soil exposed to

erosion and further organic matter loss. Eliminating corn activities

resulted in the 2 year rotation continuous liP. Again, this rotation

is not adopted on the case farm for the same reasons mentioned above.

However, excluding continuous liP resulted in the 7 year rotation

PWPCAAA. This rotation is a good rotation from the agronomic point

of view since it contains row crops (potatoes and corn), small grain

(wheat), and a legume crop (alfalfa). This rotationiis cuurently in

use on the farm due to the beneficial effect of alfalfa. Finally,

running the model without both corn activities and continuous liP re-

suited in the A. year rotation PAAA. Summing up the above risk free

profit maximizing model results, one may conclude the importance of

both potatoes and wheat and the failure of alfalfa to assume any posi-

tion in the first two rotations in comparison with the last two rota-

tions. This apparently due to the profitability of potatoes in con-

trast to alfalfa. Further, comparing the risk free model results with

the crop rotation budget results showed that both techniques give the



same results.

A comparative assessment of gross margin variability for individ-

ual crop activities showed that all potatoe activities had the highest

average gross margins per acre and the highest standard deviations,

but were relatively low in risk with respect to the coefficient of

variation. This may explain in part the current popularity of this

crop in the study area. All corn activities showed the lowest average

gross margins but were relatively high in standard deviation and the

highest risk with respect to coefficients of variation. Finally, all

wheat and alfalfa activities showed low average gross margins but the

lowest standard deviations and coefficients of variation. On the

other hand, correlation relationships between gross margins of crop

rotation activities have major effect on diversification. The esti-

mated correlation coefficients between corn activities and potatoe,

wheat, and alfalfa activities were negative and low. The negative

correlations suggest a greater potential for reducing farm gross

margin variability via difersifying between corn and other activities

versus diversifying between potatoe, wheat and alfalfa only. The

higher coefficient of variation due to a lower gross margin and a

higher standard deviation would tend to offest partially the benefit

of the negative correlationbbetween corn and other crop activities.

The correlations between wheat, potatoe, and alfalfa activities were

positive and quite low. These correlations have less potential for

reducing total gross margin variability via diversification. The net

effect of these correlations was determined from the risk averse model

results.

Particular emphasis was given to crop rotation selection under

136
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imperfect knowledge of prices, yields, and costs of production. Risk

aversion coefficient is a direct representation of the observed risk

behavior of the farm managers. It may lead to a trade-off between

risk and gross margin which occurs when a producer alters his cropp-

ing pattern to reduce risk at the expense of profit. A series of four

efficient E-cir frontiers (depicting combination of gross margins and

standard deviations) were generated by utilizing risk averse model.

These frontiers determine the sensitivity of the farm plans to changes

in risk aversion coefficient. Frontier one was estimated from all crop

crop rotation activities. The results of this estimation showed that

the risk aversion coefficients of 0.0, 0.001 and 0.5 resulted in an

optimum continuous 2 year wheat-potatoes rotation. When risk aversion

coefficient, A , approached 1.0 the resultant optimum rotation was 9

year PIPWPCAAA. This rotation emphasized considerable diversification.

Increasing x to 1.5 and. then to 1.75 resulted in an optimum 7 year

PWPCAAA rotation. As A approached 2.25 the resultant optimum rotation

was k year PAAA. Finally, when A was increased to 2.5 the associate

optimum rotation was 5 year WPAAA. Frontier two was derived from all

crop rotation activities except corn. The results indicated that the

optimum rotation associated with A ranging from 0.0 to 1.0 was contin-

uous 2 year wheat-potatoes. With A in the interval of 1.0 to 2.25,

the resultant optimum rotation was 1i year PAAA. Finally, when A in-

creased to 2.5 the model selected diversified 5 year WPAAA rotation.

Frontier three was estimated from all crop rotation activities except

WPWP and PWPW. Risk aversion coefficient, A , ranging from 0.0 to 1.75

resulted in an optimum 7 year rotation PWPCAAA. As A approached 2.25,

the model selected an optimum 4 year rotation PAAA. Finally, when A
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increased to 2.5 the resultant optimum rotation was 5 year WPAAA.

Frontier four was estimated from all crop rotation activities except

corn, WPWP and PWPW. The estimation showed that increasing A from

0.0 to 0.5 resulted in an optimum 6 year PWPAAA. As A approached 2.25,

the model selected an optimum k year rotation PAAA. Finally, increas-

ing A to 2.5 the model resulted in an optimum 5 year rotation WPAAA.

The above results indicate the nature of the relationship involv.-

ed in the trade-off between gross margin and risk as a result of chang-

ing risk aversion coefficient. As risk aversion coefficient increases

the expected gross margin and risk decrease. Further, agronomic and

data constraints were introduced into the analysis to reflect current

practices on the farm. An initial observation concerning the risk

averse model results is that the model consistently selected a contin-

uous wheat-potatoes rotation at the risk neutral and lower risk aver-

sion coefficients associated with both high expected gross margin and

risk. This indicated the importance of both potatoes and wheat and

the failure of alfalfa to assume any position in this rotation. This

is simply because potatoe is a risky and high cach-value crop in con-

trast to alfalfa. On the other hand, at higher risk aversion coeffi-

cients alfalfa became important in rotation associated with low expect-

ed gross margin and risk. Further, as the risk aversion coefficient

increases the risk level decreases at a more rapid rate than the cor-

responding expected gross margin. Finally, at risk aversion coeffi-

cient values of 2.5 the risk averse model consistently selected a 5

year rotation WPAAA in all frontiers. Obviously, there was a superi-

ority of this rotation in terms of reducing the overall farm gross
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margin variability; however, this superiority came at the price of

lower expected gross margin. The final decision in selecting a Crop

rotation will depend upon the personal preference and attitude of the

farm manager towards risk.

The important implication of this research was the relevance of

the developed risk averse model. The model provided crop rotations

comparable to the rotation practiced on the case farm. Running the

base model with risk aversion coefficient of 1.0 and in the interval

of 1.5 to 1.75 the model selected the 9 year PWPWPCAAA and 7 year

PWPCAAA rotations, respectively. This finding reflected the impor-

tance of gross margin in crop planning on the case farm. A second

implication is that excluding WPWP and PWPW activities from the base

model resulted in the above 7 year PWPCAAA rotation regardless of

whether neutrality or risk aversion (up to 1.75) was assumed.

Limitations and Directions for Further Research

There are several limitation in this study. First, the use of

aggregate data on prices and variable costs of production of irrigated

crops in estimating gross margin deviations may underestimate gross

margin risk at the farm level. However, this framework would provide

an excellent opportunity for improving crop rotation selection deci-

sion if actual farm data could be used. Second, the lack of data on

corn as preceding crop to potatoes in rotations may limit the rela-

tively strong influence of corn on potatoes yield. Third, the large

portion of unexplained variation in crop yields reflected by multiple

correlation coefficient may limit the predictive performance of the

model. Finally, available land was the only constraint on the farm
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production process. This may limit the applicability of the model re-

sults on other farms with more resource constraints.

There are several areas which could benefit from further research,

One area which needs more attention in order to obtain more applicable

results deals with incorporation of the unexplained variation in the

risk estimates procedures. Another area is collecting more recent

data on corn and merging them with the original data set to investi-

the strong influence of corn on potatoes yield in rotations. Finally,

extension of the model to include input risk, inflation, cash flow,

more resource constraints as labor and capital within the framework

developed may have a noticeable impact on optimal crop rotation se-

lection.
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Table (A.1) Field Number, Acreage, and Yield Per Acre of Irrigated

Wheat in the Herniston, Oregon Area, 1979-1982.

Field

rio.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

1 130 98.9 29 130 114.7 45 65 129.1

4 130 102.8 36 130 100.5 46 130 128.5

11 130 97.5 38 130 118.9 48 130 99.5

13 130 103.4 42 130 109.4 53 130 140.4

20 130 100.4 47 130 105.2 57 130 115.9

24 130 87.2 50 130 110.3 58 65 110.6

28 130 101.8 51 130 114.3 62 100 116.5

37 130 100.8 55 130 55.9 66 65 117.5

43 130 100.0 56 130 113.8 68 65 101.8

44 130 102.0 59 74 133.0 69 130 128.9

45 65 93.9 61 130 73.5 77 128 135.4

46 130 100.9 63 130 86.2 81 60 134.3

48 130 104.5 64 130 32 123 116.1

49 130 107.5 65 128 61.7 89 97 135.7

54 130 105.4 67 125 90 60 127.9

55 130 97.5 70 119 58.0 91 70 131.0

57 130 102.5 71 129 92.9 99 184 113.8

58 65 106.7 72 128 112.7 5 130 146.2



Table (A.1) Corit. 'ield Number, Acreae, and Yield Per Acre of

Irrigated Aheat in the Herrn1ston Oregon Area,

1979-1982.
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Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

60 130 71.9 73 128 69.6 6 130 1144.14

61 130 96.2 74 130 101.2 9 130 127.0

62 120 99.6 75 86 118.4 10 130 133.8

614 130 89.5 76 128 121.8 14 130 135.8

65 128 107.4 78 128 89.0 16 130 133.4

67 128 95.6 79 130 102.8 19 130 1140.8

68 65 92.5 83 123 63.9 21 130 137.4

70 119 102.1 34 123 125.8 32 92 122.0

73 128 93.6 85 130 113.9 33 130 123.0

7? 128 85.0 87 60 128.4 34 130 118.3

78 128 94.6 88 65 117.5 35 130 103.8

81 6o 112.4 2 130 137.0 33 130 112.7

82 128 104.0 3 -130 139.6 41 130 98.6

83 128 101.2 7 130 144.1 47 130 144.7

6 130 130.8 15 65 125.1 50 130 98.2

S 69 95.2 17 130 146.3 51 130 129.1

9 130 112.6 18 130 147.9 55 130 131.9

10 130 122.2 26 130 145.6 63 130 66.4



Table (A.1)Cont. Field Number, Acreage, and Yield Per Acre of

Irrigated Wheat in the Hermiston, Oregon Area,

1979-1982.

19

Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

12 130 92.4 27 130 136.8 70 119 113.0

14 130 118.8 30 65 135.6 92 60 132.5

16 130 132.7 39 105 127.2 93 73 113.1

21 130 132.5 40 130 139.9 94 50 133.2

22 130 114.2 44 130 125.?
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Table (A.2) yield Number, Acreage, and Yield Per Acre of Irrigated

Corn in the Hermiston, Oregon Area, 1979-1982.

Field no. Acres Yield Field no. Acres Yield

3 130 4.3 83 123

26 130 5.2 37 60 5.1

27 130 6.1 89 65 4.2

39 105 6.3 3 130 5.45

48 130 5.0 15 65 5.56
62 100 5.6 27 130 6.48

82 128 5.1 46 130 5.9?
8 69 4.9 57 130 4.99

36 130 4.3 58 65 5.02

50 130 4.7 68 65 5.06

59 74 4.8 69 130 5.28

61 130 3.9 77 128 4.97

65 128 5.3 81 60 4.89

70 119 4.4 90 82 4.26

78 123 4.3
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Table (A.3) 'ield Number, Acreage, and Yield Per Acre of Irrigated

Potatoes in the Herniston, Oregon Area, 1979-1982.

Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

6 130 34.5 17 130 26.2 41 130 35.7

3 69 40.6 18 130 28.5 47 130 24.2

9 130 31.8 26 130 31.5 51 130 24.1

10 130 34.0 2? 130 25.9 92 60 34.9

14 130 36.6 30 65 24.7 93 73 31.3

16 130 30.0 39 105 28.5 94 50 35.5

21 130 29.1 40 130 33.3 2 130 18.9

22 130 23.4 44 130 25.6 7 130 17.6

29 130 23.7 45 65 22.0 3 69 21.5

36 130 25.6 53 130 24,6 17 130 30.0

42 130 23.7 58 65 23.5 18 130 26.9

47 130 33.0 6a 65 19.3 26 130 16.8

50 130 24.2 77 128 19.4 36 130 18.5

51 130 24.6 81 60 21.4 39 105 18.4

59 74 26.9 89 97 26.9 45 6 19.8

72 128 15.9 91 70 26.4 48 130 30.2

74 130 19.9 5 130 29.1 53 130 18.2

75 86 15.4 6 130 27.1 61 130 2.1

76 128 12.2 9 130 19.6 62 100 31.5



Table (A.3)Cont. Field Number, Acreage, and Yield Per Acre of

Irrigated Potatoes in the Herniston, Oregon

Area, 1979-1982.
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Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

79 130 20.7 10 130 25.5 65 128 24.8

84 128 22.6 14 130 20.2 66 65 24.6

85 130 20.3 16 130 20.6 78 128 2.1

87 60 14.1 19 130 32.3 82 128 32.7

88 65 21.6 21 130 26.4 83 128 27.0

2 130 31.8 32 92 32.2 87 128 26.0

3 130 20.8 33 130 30.6 88 65 26.4

7 130 24.2 34 130 36.0 89 97 18.0

15 65 22.1 35 130 35.2
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Table (A.4) Field Number, Acreage, and Yield Per Acre of Irrigated

Alfalfa in the Hermiston, Oregon Area, 1979-19D2.

Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

2 130 8.0 35 1.30 5.7 74 130 5.6

5 130 7.1 37 130 6.5 75 86 7.5
7 130 6.1 41 130 6.8 76 128 5.8

15 65 7.4 43 130 5.6 79 130 6.7
17 130 6.2 49 130 6.8 84 128 6.4
18 130 6.o 54 130 5.4 85 130 .5.4

19 130 6.o 60 130 6.0 1 130 7.1

30 65 9.3 66 65 7.0 4 130 6.9
32 92 7.3 90 82 5.7 11 130 6.4
33 130 6.9 92 60 7.8 12 130 8.5
34 130 9.6 93 73 7.7 13 130 6.5

35 130 5.5 94 50 7.8 20 130 5.5
40 130 7.0 99 196 6.8 22 130 7.5
41 130 5.7 1 130 8.7 24 130 6.4

53 130 4.3 4 130 9.3 25 130 10.0

66 6 5.4 11 130 8.7 28 130 5.8
89 97 10.0 12 130 7.5 29 130 7.9
90 82 7.1 13 130 8.4 37 130 7.4



Table (A.4)Cont. Field Number, Acreage, and Yield Per Acre of

Irrigated Alfalfa in the Hermiston, Oregon

Area, 1979-1982
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Field

no.

Acres Yield Field

no.

Acres Yield Field

no.

Acres Yield

91 70 5.4 20 130 7.6 42 130

92 60 5.8 22 130 6.0 43 130 8.2

93 73 7.6 24 130 7.4 49 6.4
94 50 8.2 25 130 9.8 54 130 7.5
99 196 7.0 28 130 7.4 56 130 9.0

1 130 7.8 29 130 5.7 60. 130 7.5
4 130 8.6 37 130 7.9 64 130 7.2

5 130 5.4 42 130 6.4 67 128 7.6
11 130 8.2 43 130 3.7 71 123 2.6

13 130 6.1 49 130 3.4 72 128 7.5
19 130 6.5 54 130 7.6 73 129 2.4
2p 130 6.7 56 130 5.5 74 130 2.7

24 130 7.2 60 130 8.6 75 86 7.2

25 130 5.3 64 130 7.7 76 128 7.4
28 130 6. 67 128 7.4 79 130 7.7
32 92 7.4 71 128 5.6 84 128 7.8
33 130 7.4 72 128 7.3 85 130 7.5
34 130 6.7 73 128 5.8 99 171 6.8
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'Table (B.1) Harvested Acreage, Yield, and Prices of Irrigated t4heat, Corn, Potatoes,

and Al fal la, !Jmat 1,] a County, astern Oregon (1972-1982)

iheat Corn Potatoes Alfalfa

Year Harvested Yield Price Harvested Yield Price Harvested Yield Price Harvested Yield Price

Acreage Acreage Acreage Acreage

(1000 A) (Be/A) (.1/Bu) (A) (Be/A) ($/Bu) (A) (Cwt/A) ($/Cwt) (1000 A) (T/A) ($ / i)

1972 225.80 50.00 2.11 350.00 90.00 1.146 4000.00 410.00 2.86 28.00 4.20 35.00

1973 272.00 37.00 4.66 3.29 3650.00 460.00 2.88 28.00 3.70 63.60

1974 305.70 Wi.00 4.49 1100.00 100.00 3.65 7320.00 410.00 3.76 28.00 4.00 65.80

1975 25.70 146.00 3.84 1400.00 95.00 3.06 8100.00 510.00 3.21 27.00 4.40 66.50

1976 314.00 48.00 2.85 2200.00 110.00 2.83 10400.00 490.00 2.140 28.00 4.80 72.90

1977 289.00 32.00 2.64 3000.00 103.00 2.35 10500.00 46o.00 2.75 3.00 3.90 61.90

1978 296.50 47.00 3.59 3000.00 120.00 2.72 13000.00 430.00 2.56 3.00 4.80 53.70

1979 300.140 140.00 3.80 2200.00 135.00 3.11 ll000.00 420.00 2.60 27.00 4.50 75.80

1980 323.00 62.00 4.04 360o.00 135.00 3.90 82500.00 490.00 4.40 3.00 5.00 91.10

1981 362.00 73.00 3.85 6500.00 134.00 2.94 95300.00 390.00 5.20 3.00 4.6o 71.90

1982 282.00 55.00 3.91 6400.00 P30.00 3.20 95000.00 390.00 3.60 27.00 4.130 89.00



Table (B .2) Index Numbers of Prices Paid by Farmers, Interest, Taxes, Wage Rates, and

Related Data, United itates, 1975 -1980, (1967=100).

indexess 1975 1976 1977 1978 1979 1980

Prices Paid, Interest, Taxes, and Wage Rates 181 192 202 219 250 280
Prices Paid by !arrners

177 18R 197 212 241 269
Farm Production 182 193 200 216 248 275

Feed 187 191 186 183 204 230
Seed 245 241 261 273 286 309
Fertilizer 217 185 181 180 196 243
Agricultural Chemicals

na 174 157 147 150 176
Fuel and Energy na 187 202 212 276 380
Farm and Motor supplies

na 164 165 171 189 221
Auto and Trucks

na 212 234 248 273 289
Tractors and Self Propelled Machinery na 217 238 259 289 323
Other Machinery

na 225 246 266 293 326



Table (B.2) (Cont.) index Numbers of Prices Paid by Farmers, Interest, Taxes, Wage Rates,

and Related Data, United Slates, 1975-1980, (1967=100).

Indexes 1975 1976 1977 1978 1979 1980

Building and Fencing na 215 229 248 272 293
Farm Services and Cash Rent na 218 236 245 259 282

Interest
281 303 328 396 407 627

Taxes
162 176 186 207 221 244

Farm Wages Rates
192 210 226 242 265 286

Farm Production, Interest, Taxes, and Wage Rates 187 199 208 226 259 291
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Table (B. 3) Index Numbers of Prices Received by Farmers, United

States, 1975-1980 (1967=100).

Indexes 1975 1976 1977 1978 1979 1980

Prices Received by Farmers

All Farm Products 186 186 183 210 2k1 2k5

All Crops 201 197 193 20L1' 223 239

Food Grains 242 201 156 191 229 256

Feed Grains and Hay 230 281 182 184 207 240

Feed Grains 232 241 174 181 204 235

Potatoes 214 201 199 206 178 248



Table (B.4) stiniated Income and Costs for Wheat Production Per Acre on Sandy Soil

with Center Pivot Trrigation Systems in the Hermiston, 0reron Area

Stem 1975 1976 1977 1978 1979 1980 1981 1982

Income from production:

Yield in tons 2.55 3.42 3.12 2.59 2.96 3.14 3.86 3.71
Price per ton 128.00 95.00 88.00 120.67 126.67 134.67 128.33 130.33
Gross income 326.40 324.90 274.60 309.80 375.10 422.60 495.9 43.7o

Variable costs:

Seed 9.50 7.10 7.70 8.10 10.80 11.6o 13.70 13.80
E'ertilizer and spreader 61.20 49.20 48.10 47.80 92.00 64.50 69.60 70.30
Chemical and applicator 4.90 6.50 5.90 5.50 5.60 6.6o 7.20 7.90
Other direct expenses 10.20 6.20 6.70 7.20 7.90 8.50 9.00 9.90
Machinery operating 9.40 12.50 12.60 13.10 14.50 16.90 18.50 19.30
Irrigation pumping 10.20 8.60 9.30 9.80 13.70 17.50 19.80 19.80
Irrigation repaIr 6.40 6.o 6.50 6.70 7.40 8.70 9.50 9.90
Irrigation labor 6.70 6.70 7.20 7.70 8.40 9.10 9.60 10.60



Table (B..) (Cont.) stimated Income and Costs for Wheat Production Per Acre on Sandy Soil

with Center Pivot Irrigation Systems In the Ifermiston, Oregon Area.

[tern 1975 1976 1977 1978 1979 1980 1981 1982

Other labor 7.30 7.20 7.80 8.40 9.20 9.90 10.60 11.60
Operating capital interest 4.50 3.30 3.60 4.40 5.40 6.70 7.70 8.70

Total Variable costs 130.30 113.80 115.40 118.70 126.50 16o.00 175.20 181.8
Net gross income 196.10 211.10 159.20 191.10 248.60 262.60 320.70 301.90



Table (B.5) stimated income and Costs for Corn Production Per Acre on Sandy Soil

with Center Pivot irrigation Systems in the Hermiston, Oregon Area.

Ite rn 1975 1976 1977 1978 1979 1980 1981 1982

income from production

Yield in tons 5.96 5.38 5.01 5.32 5.57 5.23 4.54 5.30

Price per ton 109.30 101.10 89.93 97.14 111.07 139.28 105.00 114.28

Gross income 651.80 543.40 420.70 516.80 618.60 728.50 476.60 605.80
Variable costs:

Seed 21.00 19.80 21.40 18.80 19.70 21.30 25.00 25.30

Fertilizer and spreader 152.00 169.50 165.80 117.80 128.20 158.90 171.50 173.20
Chemical and applicator 23.00 28.90 23.140 23.90 24.140 28.70 28.50 31.30
Other direct expenses 12.00 13.00 14.00 13.20 14.50 15.140 16.40 18.00

Machinery operating 14.00 8.70 8.80 19.40 21.40 25.00 27.30 28.50

Irrigation pumping 12.00 14.30 15.40 10.60 13.80 18.90 21.40 21.140

Irrigation repair 7.00 7.80 7.80 7.80 8.6o 10.00 10.90 11.40

Irrigation labor 8.00 7.30 7.60 8.90 10.00 11.10 11.80 13.00



Table (B.5) (Cont.) Estimated income and Costs for Corn Production Per Acre on Sandy Soil

with Center Pivot irrigation 3ystems in the Herrniston, Oregon Area.

Item 1975 1976 1977 1978 1979 1980 1981 1902

Other labor 13.00 8.50. 9.20 14.00 13.20 16.70 17.70 19.50
Operating capital interest 12.00 12.60 13.60 10.10 12.40 15.50 17.80 20.20

Total variable costs 274.00 290.40 207.20 244.50 266.20 321.50 348.30 361.5

Net gross income 377.80 253.00 133.50 272.30 352.40 407.00 128.30 244.30



Table (B.6) Estimated income and Costs for Potatoes Production Per Acre on Sandy Soil

with Center Pivot irrigation Systems in the ITermiston, Oregon Area.

item 1975 1976 1977 1978 1979 1980 1981 1982

Income from production

Yield in tons 15.53 19.32 17.58 16.92 15.12 15.211. 17.34 14.110

Price per ton 107.00 80.00 91.67 85.33 86.67 146.67 173.33 120.00

Cross income 1659.60 1545.60 1611.50 1443.80 1310.110 2235.20 3005.60 1728.00

Variable costs:

Seed 170.00 115.20 124.80 130.00 136.20 147.20 173.40 175.20

Fertilizer and spreader 215.30 188.40 184.30 183.30 200.00 248.00 267.60 270.30
Chemical and applicator 100.30 130.00 117.30 109.80 112.00 131.40 142.30 156.40

Other direct expenses 92.00 79.80 85.90 92.00 100.70 108.70 115.80 127.20

Machinery operating 32.70 40.70 40.90 42.110 46.90 54.80 6o.00 62.50

Irrigation pumping 14.90 lo.6o 11.50 12,10 15.80 21.80 24.60 24.60

Irrigation repair 9.30 9.40 9.50 98O 10.80 12.60 13.80 14.110

Irrigation labor 9.80 9.80 10.50 11.20 12.30 13.30 14.20 15.60



[tern 1975 1976 1977 1978 1979 193O 1981 1982

Other labor 20.70 20.60 22.20 23.80 26.10 28.20 30.00 33.00
Operating capital interest 26.90 18.10 19.60 23.70 29.10 37.50 42.50 48.80

Total variable costs 691.90 622.60 626.50 638.10 689.90 803.50 884.20 928.00
Net gross income 697.70 923.00 985.00 805.70 620.50 1431.70 2121.40 800.00

Table (B .6)(Cont,) Estimated Income and Costs for Potatoes Production Per Acre on Sandy Soil

with Center Pivot Irrigation Systems in the Hermiston, Oregon Area.



Table (B .7) Estimated Costs for Alfalfa Establishment Per Acre on Sandy Soil

with Center Pivot rrr1(at1on 3ystems in the Hermiston, Oregon Area.

Item 1975 1976 1977 1978 1979 1980 1981 1982

Variable costs:

Seed 35.00 36.20 39.20 41.00 43.00 46.50 54.70 55.30
Fertilizer and spreader 8.00 50.90 t19.8O 49.60 54.00 66.90 72.20 72.90
Chemical and applicator 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Other direct expenses 2.00 1.70 1.90 2.00 2.20 2.60 2.88 3.00
Machinery operating 14.70 13.80 13.90 14.40 15.90 18.60 20.40 21.20

Irrigation pumping 2.60 5.30 5.70 6.00 7.80 10.70 12.10 12.10

Irrigation repaIr 1.60 1.70 1.70 1.70 1.90 2.20 2.40 2.50

Irrigation labor 1.70 1.70 1.80 2.00 2.20 2.40 2.50 2.80

Other labor 17.20 12.00 11.80 12.60 13.80 14.90 15.80 17.40

Operating capital interest 1.50 2.30 2.50 3.00 3.70 4.80 5.50 6.30

Total variable costs 84.30 124.90 128.30 132.30 14+.5O 169.60 188.50 196.00



Table (B.8) Istimated Income and Costs for Alfalfa Production Per Acre on 1andy Soils

with Center Pivot Irrigation Systems in the ifermiston, Oregon Area.

Item 1975 1976 1977 1978 1979 1980 1981 1982

Income from Production

Yield ( Tons ) 8.511. 8.10 7.00 7.00 7.00 6.80 7.30 7.500
Price ( $/Ton ) 66.50 72.90 61.90 53.70 75.80 91.10 71.90 89.00
Cross Income ( $ ) 567.90 590.50 433.30 375.90 530.60 619.50 524.90 669.50

Variable Costs,

Seed 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00

Fertilizer and Spreader 37.10 29.11.0 28.80 28.60 31.10 38.60 41.70 42.10
Chemical and Applicator 10.20 23.80 21.50 20.10 20.50 24.10 26.10 28.70
Other Direct Expenses 22.00 9.40 9.50 9.80 10.80 12.60 13.80 14.40
Machinery Operating 22.40 30.20 30.40 31.50 34.80 40.70 44.50 146.40

rrrigatton !'umping 16.40 11.40 12.30 12.90 16.80 23.10 26.10 26.10
Irrigation Repair 10.30 10.30 1O.4o 10.80 11.90 13.90 15.20 15.80



Table (B.8)(Cont.) Estimated Incoffle and Costs for Alfalfa Production Per Acre on Sandy Soils

with Center I'ivot Irrigation Systems in the Hermiston, Oregon Area.

Item 1975 1976 1977 1978 1979 1980 1981 1982

Other Labor 23.50 25.60 27.50 29.50 32.30 34.90 37.10 40.80
Operating Capital Interest 5.30 4.20 4.50 5.00 6.10 7.90 9.10 10.30

Total Variable Costs 158.00 155.00 156.40 16o.o 177.80 210.40 229.20 241.70
Net Cross InCome

409.90 435.50 276.90 215.40 352.80 409.10 295.70 425.80
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Table (B.9) Yield Description for Wheat, Corn, Potatoes,

and Alfalfa Production in the Case Farm.

Item Wheat Corn Potatoes Alfalfa

Sample Size 118,00 29.00 81.00 107.00

Sum 13303.70 1215.43 2090.00 767.30

Raw Sum of Squares 15219809.39 741.82 56798.00 5637.47

Corrected Sum of Squares 219907.41 12.51 2871.00 135.14

Average 112.74 5.01 25.80 7.17

Standard Error of Mean 1.90 0.12 0.67 0.11

Median 113.45 500 25.60 7.30

Maximum Value 147,90 6.1+8 40.60 10.00

Minimum Value 55.90 3.90 12.20 14.30

Sample Variance 426.56 0.45 35.89 1.2?

Sample Standard Deviation 20.65 0.67 5.99 1.13

Coefficient of Variation 0.18 0.13 0.23 0.16

Range 92.00 2.58 28.40 5.70

Skewness -0.50 0.38 0.09 0.15

Kurtosis 3.02 2.61 2.43 2.82



Table (B. 10) Gross Incone Margins for Irrigated Crop Rotation

Activities with Wheat as Initial Crop.

170

No. W-P--W li-P-A li-P-C li-C-li U-li-P U-A-A

1 $252.42 $290.82 $280.58 $185.86 $88.58 $252.42
2 302.314 340.74 330.50 238.34 138.50 302.3+

3 350 .98 389.38 379.14 286.98 187.14 350.98

4 333.06 371.46 361,22 269.06 169.22 333.06

5 170.25 198.75 191.15 120.85 48.65 170.25

6 207.30 235.80 228.20 159.80 85.70 207.30

7 243.40 271.90 264.30 195.90 121.80 243.40

8 230.10 258.60 251.00 182.60 108.50 230,10

9 147.72 174.12 167.08 101.96 35,08 147.72

10 182.04 208.44 201.40 138.04 69.40 182.04

11 215.48 241.88 234.82+ 171.48 108.84 215.48

12 203.16 229.56 222.52 159.16 90.52 203.16

13 242.10 278.30 268.65 179.36 87.65 242.10

14 289.17 325.37 315.71 228.83 134.71 289.17

15 335.02 371.22 361.57 274.68 180.56 335.02

16 318.13 354,33 3144.67 257.79 163.67 318.13

17 252.24 290.24 280.11 186.38 90.11 252.24

18 301.65 339,65 329.51 238.31 139.51 301.65

19 349.78 387.78 377.65 286.44 187.64 349.78
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Table (B.lo) Cont. Gross Income Margins for Irrigated Crop Rotation

Activities with Wheat as Initial Crop.

No. 1,1-P-V V-P-A V-P--C W-C-W V-V-P V-A-A

20 $332.05 $370.05 $359.91 $268.71 $169.91 $332.05

21 242.66 283.06 272,29 172.64 70.29 242.66

22 295.19 335,59 324,81 227.85 122.81 295.19

23 346.65 386,76 375.99 279,02 173,98 346.65

24 327.51 367.91 357.13 260.17 155.13 327.51

25 208.51 247.01 236.74 141.78 44.24 208.51

26 258,56 297.05 286.79 194.35 9429 258.56

27 307.32 345e82 335.55 243.16 143.06 307.32

28 289.36 327.85 317.59 225.19 125.09 289,36

29 208.89 247.99 237.56 1141.12 42.06 208.89

30 259.72 298.81 288.39 194.55 92.89 259.72

31 309,24 348.34 337,91 244.08 142.42 309.24

32 291,00 330.09 319.67 225.83 124.17 291.00



Table (B,11) Gross Income Margins for Irrigated Crop Rotation

Activities with Corn as Initial Crop.
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No. C-W-W-P C-W-P-W C-W--P-C C-A-A-A

1 $240.80 $316.22 $240.80 $316.22
2 7.99 83.41 7.99 83.41

3 -104.59 -29.17 -104,59 -29.17
4 98.71 174.13 98.71 174.13

5 185.78 255.54 185.78 255.54

6 -29.56 40.20 -29.56 140.20

7 -13390 -63.94 -133,90 -63.94
8 54.35 124.11 54,35 124.11

9 136.73 198,)42 136.73 198.42

10 -55.18 6,87 -55.18 6.87

11 -147.81 -85.76 -147.81 -85.76
12 19,46 81.51 19,46 81.51

13 213.03 280.06 213.03 280,06

14 6.12 73.15 6.12 73.15

15 -93,93 -26.91 -93.93 -26.91

16 86,75 153,77 86.75 153,77

17 256,94 333.58 256.94 333.58

18 20,36 97.00 20.36 97.00

19 -94.04 -17,40 -94.04 -17.40
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Table (B.11) Cont. Gross Income Margins for Irrigated Crop Rotation

Activities with Corn as Initial Crop.

No. C-W-W-P C-W-P-W C-W-P-C C-A-A--A

20 $112.55 $189.19 $112.55 $189.19

21 334.51 430.61 334.51 430.61

22 37.88 133.95 37.88 133.95

23 -105.62 -9.51 -105.62 -9.51
24 153.45 249.55 153.45 249.5.5

25 146.25 218.70 146.25 218.70

26 -77.40 -4.95 -77.40 -4.95

27 -185.55 -113.10 -185.55 -113.10

28 9.75 82.20 9.75 82.20

29 176.76 255,61 176.76 255.61

30 -66.66 12.20 -66.66 12.20

31 -185.37 -105.51 -185.37 -105.51

32 28.20 107.05 28.20 107.05



Table (B.12) Gross Income Margins for Irrigated Crop Rotation

Activities with Potatoes as Initial Crop.

No. P-..W.-P-W p-W-P-C P-W-C-W P-W-P-A

1 $1533.70 $1913.55 $2127.55 $1353.94

2 1357.15 1737.00 1951.00 1177.39

3 1890.01 2269.86 2483.86 1710.25

Li. 1533.70 1913.55 2127.55 1353.94

5 1041,40 1325,40 1485.40 907.00

6 909.11.0 1193.40 1355.40 775.00

7 1307.80 1591.80 1751.80 1173.40

8 1041.40 1325.40 1485.40 907.00

9 1280.211 1605.67 1789.01 1126.23

10 1128.98 1454.41 1637.75 974.98

11 1585.50 1910.93 2094.27 11131.49

12 1280.24 1605.67 1789.01 1126.23

13 1136.76 1439.69 1610.35 993.41

14 995.97 1288.89 1469.55 852.62

15 1420.91 1723.83 1894.49 1277.56

16 1136.76 1439.69 1610.35 993.41

17 1112.84 1420.52 1593.86 967.23

18 989.83 1227.51 1450.85 824.23

19 11101,45 1709.13 1882,47 1255.84
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Table (B,12) Cont. Gross Income Margins for Irrigated Crop Rotation

Activities with Potatoes as Initial Crop.

No. P-W-P-W P-W--P-C P-W-C-W P-W-P-A

20 $1112.84 $1420.52 $1593.86 $967.23

21 2247.24 2767.92 3061.26 2000.83

22 2005.23 2525,91 2819.25 1758.83

23 2735,65 3256.33 3549,67 2489.24

24 2247.24 2767.92 3061.26 2000.83

25 2721.06 3336.39 3683.05 2429.87

26 2435.07 3050.39 3397.05 2143.88

27 3298.25 3913,57 4260,33 3007.06

28 2721.06 3336.39 3683.05 2429.87

29 1568.00 1994,00 2234,00 1366.40

30 1370.00 1796.00 2034.00 1168.40

31 1967.60 2393.60 2633.00 1766.00

32 1568.00 1994.00 2234.00 1366.40
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Table (B.12) Cont. Gross Income Margins for Irrigated Crop Rotation

Activities with Potatoes as Initial Crop.

No. P-C-W-P P-C--W-W P-C-A-A P-A-A--A

1 $1781.94 $1533.70 $2533.08 $2175.70

2 1605.39 1357.15 2356.53 1999.15

3 2138.25 1890.01 2889.39 2532.02

4 1781.94 1533.70 2533.08 2175.70

.5 1227.00 1041,40 1788.60 1521.40

6 1095.00 909.40 1656.60 1389.40

7 1493.40 1307.80 2055.00 1387.80

8 1227.00 1041.40 1788.60 1521.40

9 1492.91 1280.24 2136.43 1830.26

10 1341.66 1128.98 1985.18 1679.00

11 1788.17 1585.50 21+41.70 2135.52

12 11+9291 1280.24 2136.43 1830.26

13 1334.73 1136,76 1933.75 1648.74

14 1193.94 995.97 1792.95 1507.95

15 1618.88 1420,91 2217.90 1932.89

16 1334.73 1136.76 1933.75 1648.74

17 1313.91 1112,84 1922.33 1632.86

18 1170.91 989.83 1779.33 1489.85

19 1602,52 1401.45 2210.95 1921.47



177

Table (B.12) Cont. Gross Income Margins for Irrigated Crop Rotation

Activities with Potatoes as Initial Crop.

No. P-C-W-P P-C-W-W P-C-A-A P-A-A-A

20 $1313.91 $1112.84 $1922.23 $1632.86

21 2587.51 2247.24 3617.13 3127.26

22 2345.51 2005.23 3375.13 2885.25

23 3075.92 2735.65 4105.55 3615.67

24 2587,51 2247.24 3617.13 3127.26

25 3123.19 2721.06 4339.97 3761.04

26 2837.20 2435.07 4053.97 3475.05

27 3700.38 3298.25 491716 4338.23

28 3123.19 2721.06 4339,97 3761,04

29 1846.40 1568,00 2688.80 2288.00

30 1648.40 1370.00 2490.80 2090.00

31 2246.00 1967.60 3088.40 2687.60

32 1846.40 1568.00 2688.80 2288.00
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Table (B.13) Gross Income Margins for Irrigated Alfalfa Rotation

Activities.

No. A-A A-A-A A-A-A-A

I $265.61 $347.40 $299.52

2 2811.89 366.69 318.81

3 298.19 379.99 332.11

4 265.61 347.40 299.52

5 309.37 399.04 346.55

6 330.51 420.18 367.69

7 345.09 434.76 382.27

8 309.37 399.04 346.55

9 237.90 314.04 269.47

10 255.85 331,99 287.11.2

11 268.23 344.37 299.80

12 237.90 314.04. 269.47

13 181.57 247.62 208.96

14 197,11+ 263.19 224.53

15 207.88 273.93 235.27

16 181.05 247.62 208.96

17 305.05 398.28 343.70

18 327.03 11.20.26 365.69

19 342.19 435.42 380.85



Table (B.13) Cont. Gross Income Margins for Irrigated Alfalfa

Rotation Activities.
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No. A-A A-A-A A-A-A-A

20 $305.05 $398.28 $343.7o

21 369.91 48196 416.37

22 396.33 508.38 442.79

23 4111.55 526.60 461.01

24 369.91 481.96 416.37

25 228.80 327.211 26547

26 2149.65 338.09 286.32

27 264.03 352.47 300.70

28 228.80 317.24 265.47

29 325.23 434.70 370.62

30 351.04 460.51 396.43

31 368.84 478.31 414.23

32 325.23 434.70 370.62
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Table (B.14) Gross Margin Deviations for Irrigated Crop Rotation

Activities with Wheat as Initial Crop.

No. W-P-W W-P-A W-P-C W-C-W W-W-P W-A-A

1 $-16.4.1 $-13.7o $_11l.4.2 $-22.90 $-27.99 $-16.41

2 33.51 36.22 35.50 29.58 21.93 33.51

3 82.15 84.86 84.14 78.22 70.57 82.15

4. 64.23 66.94 66.22 60.30 52.65 64.23

5 -98.58 -105.77 -103.85 -87.91 -67.92 -98.58

6 -61.53 -68.72 -66.80 -48.96 -30.87 -61.53

7 -2543 -32.62 -30.70 -12.86 5.23 -25.43

8 -38.73 -45.92 -114.00 -26.16 -8.07 -38.73

9 -121.11 -130.40 -127.92 -106.80 -81.49 -121.11

10 -86.79 -96.08 -93.60 -70.72 -47.17 -86.79

11 -53.35 62.614. -60.16 -37.28 -13.73 -53.35

12 -65.67 -74.96 -72.48 --49.60 -26.05 -65.67

13 -26.73 -26.22 -26.35 -29.40 -28.92 -26.73

14. 20.33 20.85 20.71 20.07 18.14 20.33

15 66.19 66.70 66.56 65.93 64.00 66.19

16 49,29 4.9.81 49.67 49.03 47.10 49.29

17 -16.59 -14.28 -14.89 -22.38 -26.46 -16.59

18 32.81 35.13 34.51 29.55 22.94 32.81

19 80.95 83.26 82.624. 77.69 71.08 80.95



Table (B.14) Cont. Gross Margin Deviations for Irrigated Crop

Rotation Activities with Wheat as Initial

Crop.
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No. W-P-W W-P-A W-P-C W-C-W W-W-P li-A-A

20 $63.21 $65.53 $64.91 $59.95 $53.34 $63.21

21 -26.17 -21.46 -22.71 -36.12 _246.28 -26.17

22 26.35 31.07 29.81 19.09 6.24 26.35

23 77.53 82.24 80.98 70.27 57.42 77.53

24 58.67 63.39 62.13 51.41 38.56 58.67

25 -60.33 -57.52 -58.27 -66.98 -72.32 -60.33

26 -10.28 -7.47 -8.13 -14.37 -22.27 -10.28

27 38.49 41.30 40.59 34.40 26.49 38.49

28 20.52 23.33 22.58 16.43 8.53 20.52

29 --59.95 -56.54 -57.45 -67.64 -74.50 -59.95

30 9.12 5s71 .6.17 -14.21 -23.67 .9.12

31 40.41 43.82 42.91 35.32 25.85 130.41

32 22.16 25,57 24.66 17.07 7.61 22.16
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Table (B.,15) Gross Margin Deviations for Irrigated Crop Rotation

Activities with Corn as Initial Crop.

No. C-W-W-P C-W-P-W C-W-P-C C-A-A-A

1 $208.07 $208.70 $208.07 $208.70

2 _24.721 2l1.11 24.714 -214.11

3 -137.32 -136.69 -137.32 -136.69

Li. 65.98 66.61 65.98 66.61

5 153.011. 148.02 153.0k 148.02

6 -62.30 -67.33 -62.30 -67.33

7 -166.43 -171.146 -166.43 -171.46

8 21.61 16.59 21.61 16.59

9 103.63 90.90 103.63 90.90

10 -87.92 -100.65 -87.92 -100.65

11 -180.55 -193.28 -180.55 -193.28

12 -13.28 -26.01 -13.28 -26.01

13 180.29 172.53 180.29 172.53

14. -26.62 -34.38 -26.62 -34.38

15 -12667 -134.43 -126.67 -134.43

16 54.01 46.25 54.01 146.25

1.7 224.20 226.05 224.20 226.05

18 -12.38 -10.53 -12.38 -10.53

19 -126.78 -124.93 -126.78 -124.93



Table (B.15) Cont. Gross Margin Deviations for Irrigated Crop

Rotation Activities with Corn as Initial

Crop.
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No. C-V-V-P C-V-P-V C-V-P-C C-A-A-A

20 $79.81 $81.66 $79.81 $81.66

21 301.77 323.09 301.77 323.09

22 5,11 2642 5.11 26.42

23 -138.35 -117.04 -138.35 -117.04

24 120.71 142.02 120.71 142.02

25 113.51 111.18 113.51 111.18

26 -110.14 -112.47 -110.14 -112.47

27 -218.29 -220.62 -218.29 -220.62

28 -22.99 -25.32 -22.99 -25.32

29 1144.02 148.09 144.02 148.09

30 -99.39 -95.33 -99.39 -95.33

31 -217.10 -213.04 -217.10 -213.04

32 -4.54 -0.148 -4.54 -048
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Table (B. 16) Gross Margin Deviations for Irrigated Crop Rotation

Activities with Potatoes as Initial Crop.

No. P-W-P-W P-W-p-C P.-W-C-W P-W-P-A

1 $-93.22 $-1o8.6o $-117,27 $-85.93
2 -269.77 -285.15 -293.82 -262.48

3 263.10 247,71 239.04 270.38

4 -93.92 -108.60 -117.27 -85.93

5 -585.52 -696.75 -759.42 -532.87

6 -717.52 -828.75 -891.42 -664.87

7 -319.12 -430.35 -493.02 -266.47

8 -585.52 -696.75 -759.42 -532.87

9 -346.68 -416.49 -455.81 -313.64.

10 -497.93 -567.74 -607.07 -464.90

11 -41.42 -111.22 -150.55 -8.38

12 -346.68 -416.49 -4.55.81 -313.64

13 -490.15 -582.46 -634.47 -446.46

14 -630.95 -723.26 -775.27 -587.26

15 -206.00 -298.32 -350.32 -162.32

16 -490,15 -582.46 -634.47 -446.46

17 -514.08 6o1.624. -650.96 -472.64.

18 -657,08 -744,64 -793.97 -615.65

19 -225.47 -313.02 -362,35 -184.03



No P-W-P--W P-W-P-C P-.W-C-.W P-W-.P-A
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Table (B.16) Cont. Gross Margin Deviations for Irrigated Crop

Rotation Activities with Potatoes as Initial

Crop.

20 $-5114.o8 $-6o1.64 $-65o.96 $-472.65

21 620.32 745,77 816.kii 560.96

22 378.32 503.76 574.4.3 318.95

23 1108.73 1234.18 1304.85 1049.37

24 620.32 745.77 816.44 560.96

25 109415 1314.24 1438.23 990.00

26 808.16 1028.24 1152.23 704.00

27 1671.34 1891.43 2015.42 1567.19

28 1094.15 1314.24 1438.23 990.00

29 -58.92 -28.15 -10.82 -73.47

30 -256.92 -226.15 -.208.82 -271.47

31 340.69 371,4.5 388,78 326.13

32 -58.92 -28.15 -10.82 -73.47
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Table (B.16) Cont. Gross Margin Deviations for Irrigated Crop

Rotation Activities with Potatoes as Initial

Crop.

No. P-C-li-P P-C-W-W P-C-A-A P-A-A-A

1 $-103.27 $-93.22 $-133.69 $-119.22

2 -279.82 -269.77 -310,24 -295.77

3 253,04 263.10 222.62 237.09

4 -103.27 -93.22 -133.69 -119.22

5 -658.21 -585,52 -878.17 -773.52

6 -790.21 -717.52 -1010.17 -905,52

7 -391.81 -319.12 -611.77 -507.12

8 -658.21 -585.52 -878.17 -773.52

9 -392.30 -346.68 -530.34 -464.66

10 -543.55 -497.93 -681.59 -615.92

11 -87.04 -41.42 -225.08 -159.40

12 -392.30 -34668 -530.34 -464.66

13 -550.48 -490.15 -733.03 -646.17

14. -691.27 -630.95 -873.82 -786.97

15 -266.33 -206,00 -44.8.88 -362.02

16 -550.48 -490.15 -733.03 -646.17

17 -571,30 -514.03 _744,14 -662.06

18 -714.30 -657.08 -887.44 -805.07

19 -282,69 -225.47 -455.83 -373.45
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Table (b.16) Cont. Gross Margin Deviations for Irrigated Crop

Rotation Activities with Potatoes as Initial

Crop.

No. P-C-li-P P-C-li-li P-C-A-A P-A-A-A

20 $-571.30 $_51L1.08 $-744.44 $-662.o6

21 702.30 620.32 950.36 832.34

22 460.30 378.32 708.36 590.33

23 1190.71 1108.73 1438.77 1320.75

24 702.30 620.32 950.36 832.34

25 1237.98 1094.15 1673.19 1466.13

26 951.99 808.16 1387.20 1180.13

27 1815.17 1671.34 2250.38 2043.32

28 1237,98 1094.15 1673.19 1466.13

29 -38.81 -58.92 22.03 -6.92

30 -236,81 -256,92 -175.97 -204.92

31 360.79 340.69 421.63 392.68

32 -38.81 -58.92 22.03 -6.92



Table (B.17) Gross Margin Deviations of Irrigated Alfalfa

Rotation Activities.
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No. A-A A-A-A A-A-A-A

1 $-26.53 $_3Li..3L1 $-29.77

2 -7.25 -15.06 _1o.Li8

3 606 -1.76 2.82

4 -26.53 -34.34 -29.77

5 17.24 17.30 17.26

6 38.38 38.44 38.40

7 52.96 53.02 52.98

8 t7.24 17.30 17.26

9 -54.23 -67.70 -59.82

10 -36.28 -49.75 -41.87

11 -23.90 -37.37 -29.49

12 -54.23 -67.70 -59.82

13 -110.57 -134.12 -120.33

14. -94.99 -118.55 -104.76

15 -84.25 -107.81 -94.02

16 -110.57 -134.12 -120.33

17 12.91 16.54 14.42

18 34.89 38.52 36.40

19 50.05 53.68 51.56



Table (B.17) Cont. Gross Margin Deviations of Irrigated Alfalfa

Rotation Activities.
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No. A-A A-A-A A-A-A-A

20 $12.91 $16.54 $14.42

21 77.77 100.22 87.08

22 104.19 126.64 113.50

23 122.112 1114.86 131.72

211 77.77 100.22 87.08

25 -63.33 -64.50 -63.82

26 -42.48 -43.65 -42.97

27 -28.10 -29.27 -28.59

28 -63.33 -64.50 -63.82

29 33.10 52.96 41.33

30 58.91 78.77 67.14

31 76.71 96.57 811.94

32 33.10 52.96 41.33




