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Effects of Soil
Crop Planning
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By

CJ-ayton S. Manness

Farm income variabílity due to unstable and uncertain

production and marketing has historically created anxiety

anong primary producers of agricultural products. The

present study was und.ertaken to develop a method by which

net farm income variation as associated with yield uncertainty

onty, was identified and included in the planning stage of

future production plans.

It was felt that farmers react in different ways

toward, uncertainty. DifferenÈ producers would in fact

discount target yields more or less depending on their values

in life and risk consciousness. rn any event, no producer

would discount planning values of yield (and therefore net

income), beyond a point, defined as a farm survival level of

.income" These basic ideas were encompassed into hypotheses

and tested" The primary objectives included determination of:

discounted average yields for wheat, oats, barley and flax at

different levels of risk and fert,ilizeru optional crop plans

and fertilizer use for alternative risk levels and, the
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the effects of soil type, summerfallow, capital, labor, quota

restrictions and risk aversion on crop planning.

The model is static but the planning period is five

years corresponding to the five year date base from which

yield production functions and variances of predicted yields

were processed" The hypotheses v¡ere tested through a two

part model. The first part maximized net íncome for alterna-

tive plans based on varying levels of exogenous variables and

risk associated C, values; the other part calculated the

probability of any p1an, previously determined, exceeding a

specified value of income.

The technological matrix was based primarily on a

case farm. Yield.s lvere not. As the procedure for discounting

yields (by different values corresponding to alternative risk

levels) required normal distributions, a source of many

yield-nitrogen observations \^/ere required" This was fulfilled

to a satisfactory degree by Manitoba Crop Insurance data"

These yields were classified, weighted, and then summed to

attain the required observations necessary eo facilitate

meaningul regression analysis and develop yield and variance

of yield prediction equations.

An analysis of the primal model results indicated

that as risk aversion increased, the amount, of N used de-

creased. Ã,lso¡ no definite conclusions could be arrived at

as to d.ecreasing fertilization accompanying increasing levels

of summerfallow. Capital restrictions had major effects

upon net income, whereas quota restrictions had only minor
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effects. It vras shown indirect,ly that the difference between

actual N used and target N recommendat'ion increased as

certainty increased. The effect of risk aversion on longrun

land resource decisions r,rlere also analyzed. Summerfallow

proved not to be an economic means of supplying plant nutri-

ents under Lhe assumptíon of the model"

The secondary part of the model calculated the prob-

ability of plans exceeding a sPecified level of income.

Fewer plans corresPonding to increased levels of certainty

surpassed the survival level of income than plans based on

lower cert,ainty values" Similarly plans based on increasing

summerfallow leve1s and decreasing capital levels had lower

probabilities of surpassing the specified level of income.

The rnajor finding indicated. that there \^¡ere many instances

whereby future production plans that exhibited large expected

net income and large variation of income could be subjected

to discounting procedures with the result that expected' net

income decreased marginally whereas variation of incorne (risk)

decreased significantlY.
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Chapter I

INTRODUCTION

This study determines feasible optimal crop plans

and fertilizer use under conditions of subjective risk

aversion for a sel-ected farm business in the Carman District

Farm Business Association. The effects of soil types,

amount of summerfallowu available capital, available labor,

market quota restrictions, and risk aversion on crop plan-

ning and fertíIizer use are identified and evaluated through

the d.evelopment and operation of a linear programming

model which maximizes net farm i-ncome. Soil type, strnmer-

fallow, and fertilizer use are translated into a set of

constrained (endogenous) variables which produce wheat,

barley, oats and flax" Available capital, available Iaborn

quota restrictions and amounts of summerfallow are handled

in the system as exogenous variables " Risk aversion is

taken into account by determining the standard deviations

of crop yields (independent and. normally distributed random

variables) and by discounting the corresponding mean yields

by a given percentage of these standard deviations. In

effect, the net prices in the objective function are dis-

counted" Farm plans are obtained for alternative combin-

ations of the exogenous variables as well as for alternative

levels of rj-sk acceptance, beginning at the 50 per cent

level and declining to 'Lhe 20 per cent Ievel. For each of
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these f ar:rn plans. Lhe probability of net farm income lying

below a specified J-er¡e-L .i-s cal-culated" This specified level

is the sum of annual fixed debt obligation plus personal

wíthd.rawals of ir¡come f rom the business "

IITA'IURI: AND SCOPE OF THE PROBLEM

Farm income variability due to unstable production,

prices ancl market-ings has historically created frustrat.ion,

fear and ange-r: ämong priniary producers of agricultural

products" Govern.ment-- prÍ.ce supports¿ âssistance payments

and ma::keting regulations all have been formulated to

assist producers of a símilar commodj-ty at times of reduced

farm income" Programs of crop insurance, hail insurance

and research directed toward variety or breed improvement

are maintained to ensure against unsatisfactory levels of

production. These farm policies and programs are created

with a view toward preventing farm income for a commodity

or for the whole primary agricultural economy from falling

below a cerLai-n level

What does the individual farm manager do in the

face of this r¡ariabil-ity of farm income? How does he

plan his strategy to maximize profit and simultaneously

plan against the ill effects of income instability which

may often be a threat to farm survival? Regardless of

the method used to determine farm plans under conditions

of uncertainty, the farmers' first end is to survive on
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Lhe f.t*.l The second end is to maximize prof í:-.2

Farmers react in different ways toward uncertainty.

If it were possible to measure accurately an individual

farmer's attitude toward an uncertainty such as yield

variation or quota limitationo then it would be feasible

to lbuitd a farm planning model for any farm manager that

would embody his attitudes toward risk.3 Given similar

conditions of technology, levels of working and capital

inputs, and. future expectations of prices, yields and

rnarketingsu farmers will react or plan in different ways"

They witl be guided by their own personal attitudes toward

risk given their own conditions of debt, or equity and of

satisfaction for money gains or prestige.

This study will endeavor to concern itself with

net farm income variation as associated with grain pro-

duction only. In this case income variability can arise

from a variation in yield, in prices, and in marketings"

Production inputs such as capital, labor and land can

affect farm income and can add to income instability if

t_*Farm survival is defined as a farmer's actions of
minimizíng the probability of an uncertain loss rendering
him insolvent" The leve1 of survival must cover the annual
farm costs and the 1evel of household consumption expenditures "

2s"hi"k"l", R. "Farmer's Adaptations to fncome Un-
certainty", Journal of Farm Economics, VoI. 32 (August,
19s0) p. 362"

3rh"r" ís a basic fundamental difference between risk
and uncertaínty" Any event is considered an uncertainty
until- it is given a probability of its happening. Once an
event is given'odds'of occuring, it is considered a risk"
To incorporate any uncertainty into a planning model, some
estimation of its chances of occuring must be determined;
Lherefore, making it a risk"
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their ..!-evels are uncertaj-n or vary from one production

períod to the next- "

}líeld and l'narJiet uncertainties create the strongest

f eeiii.^rgs oí doubt amotlg grain producers. For all grains

controlled by the Canadian Wheat Board a prospect of expect-

ed ¡:rices and marketíngs is available to all farmers prior

to t-he next. productiorr period" Price and quota uncertain-

ties are ::educed- for the individual farmer and the farms

economl¡ as a whole"4 However, crop yields for the individual

are higirl.], unce::tain" ûLrservation suggests that unpredict-

able weath.er: condit.ions are the major cause of yield vari-

ability, besides their combined effects with soil types,

soil nutrientso and management practises" Because of the

very nature of weather, predictability of yield is next

to impossible at this t.ime.5 Whether one considers the

problem of optimal fertilization of crops or not as well

as the assocíated costs of fertilizíng, income variation

is likely tc¡ be even larger than yield variation. Many

costs are in effect fixed once the crop is seeded and

therefore any variation .in yield is nearly totally reflect-

ed.in the same absolute amount of change in net return"

4_Farmers are aware of the initial price they will
receive for Wheat Board controlled grains; however, there is
still uncertainty attached to the final payment and therefore
the overall net price" Simil-arly producers can not be certain
if they may be a1lowed to deliver more grain than the guaran-
teed mini-mum "

q"Yeh, M"H" and L"D" Black
Productions. (The University of
cuTEuEe-arñ Home Economics, Tech.
1964) p" I "

, Weather Cyc1es and CroP
Manitoba, Faculty of Agri-
Bulletj-n No" B, November



5"

Efficient fertilizer use can yield great profits.6

If incorrect use of fertilizer is made, profits may be con-

siderably reduced, or net losses may result" Hence, precise

.information is required as to what quantities of applied

nutrients are most profitable under various environmental

and economic conditions" Due to conditions of price and

yield uncertainty, this information is particularly imper-

ative in decisions on whether or not to use fertilizer, and

on the amounts and optimum nutrient combinations"

Interaction of the resource mix can also have a

bearing on income variation through increased or reduced

production" A limitation on capital can reduce fertilizer

inputs, labor inputs, custom work, etc. which can reduce

y:Leld in one way or another" A fixed capital constraint

confronted with increased costs of major inputs can cause

the same result" An unstable labor situation can reduce

production through fewer acres farmed, fewer acres cropped

and lower amounts of fertilizer used.

Faced with income uncertaintlr a farm manager must

weigh all the uncertainties related to yield" On the basis

of his own circumstances, his own attitudes toward the

uncertaj-nties spelled out, he will strive to make plans

that satisfy his income objectives while minimizLng the

chances of not achieving these objectives. Because farmers

realize that the chances of achieving some target net income

6__-Veneyian, E" Economic Optima For Fertil-izer Production
Functions in Relation t

"
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goal- are not cer{,ain, they wish to evaluate the trade-

offs between expecte<l income and risk acceptance of alterna*

tíve plans i:efore select-ing a plan of ope:ration-

This sti.rdy considers aversion and indifference to

risk only as it is i.Llogi-cal t.o suspect that any large

number of farmers wotr]d gamble f or a high income on the

basis of high yíelds cccuringt at small odds" The farmer

who ís indifferent to risk would accept some optimal pro-

ductíon poi.nt from Lhe re.j-evant production function in his

planning sys'Lem, while the farmer who is a risk averter
vwould discount thís point"

yield figure which .is íncorporated into the planning system

then relatíve net .returns per unit of activity change and,

in effect, the corresponding farm plan increases the chances

of actual net income exceeding some specified Ievel, thus

reducíng income uncertainty" This in many cases may in-

crease the chance of farm survival aS the conseguences of

.tow yields and high costs of inputs on farm income have

been planned against"

A risk averter will not discount his net income be-

yond a point defined earlier as thre 'farm survival' Ievel"

Tn the discussion to follow in later sections, this level

will be known as specified income" It will be specified

in the sense that it is necessary to achieve this figure

to insure farm survival by meeting all production costs and

If it is this new discounted

corresponding to the selected production
be a target yield recommended through

7rh. yietd
point may very well
a soil test"
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personal withdrawals over the long run. This suggests

that for a risk averter there will be a trade-off point

somewhere between the specified income and the net income

generated by a farm plan corresponding Lo that farm manager's

indifference toward risk" Similarly it would. be possible

for a risk averter to determine the probability of net

farm income lying below specified. income for any farm plan

generated "

OBJECTIVBS OF THE STUDY

The central theme is to identify and evaluate the

effects of soil type, sunìmerfallow, labor, capital, quota

restrictions and, risk averstion on crop planning and fertil-

ízer use. The specific objectives which facilitate achieve-

ment of this central theme are:

1" To determine discounted average yields for

wheat, oats, barley, and flax at. different fertilizer rates

on different soil types in accordance with selected leve1s

of risk aversion.

use for

capital

fa1Iow,

on crop

ability

2" To determine optimal crop plans and fertilizer

alternative levels of the exogenous varj-ables" ie"

, quota restrictions and summerfallow.

3. To evaluate the effects of soil type, sunmer-

capital, labor, quota restríctions and risk aversion

planning, fertilizer recommendations and the prob-

of net farm income lying below a specified Ievel"
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HYPOTHESES

fhis study -is guided by two hypotheses:

1" It is hypothesized that as risk aversion increases,

the amount of fertilizer used d.ecreases, and the differences

between the target fertilizer reconmend.ations and actual

amounts used increases " It follows that these differences

rçill be larger for crops grown under high variability and,

corl:espondingly, that land associated with high yield vari-

abilit.y might receive zero amounts of fertiLízer. Further,

under high risk aversion, l-and associated with high yield

variability may not be competitive and, correspondingly,

may not enter optima-l solutions. Further, it is anticipated

that summerfallow replaces fertilizer as a means of supply-

ing plant nutrients when (a) the difference between the

Larget fertilizer recommendation and actual amount used

increases, (b) the leve1 of capital declines, and (c) the

more severely crop production is limited. by quotas.

2" It is hypothesized that fixed debt obligations

and personal withdrawals of income limit the degree to

which risk acceptance can be reduced. It is implied that

some risk must be accepted if net farm income Ís to be large

enough to cover these obligations and personal withdrawals

of income" Accordingly, this places bounds on the number

of feasible cropping plans available to a risk averter"
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PRÜCEDURES .F'OR ACHTEVING ,IHE OBJECTIVES

THROI]GH TESTING HYPOTHESES

The Jtypotheses are tested t.hrough the operation of

a i-inear programrûing rnodel- whích maximizes net income. The

effects of soil type, amotrrrt of summerfall-ow, available

capítal, market quota regulations' and risk aversion on

crûp plann.ing and fertilizer use are evaluated through the

operation c¡f th.is mode.L. Soil type, summerfallow and fertil-

izey: use make up the basis of the constrained (endogenous)

varíables which produce wheat, oats" barley, and flax-

The model is stat-ic but the planning period is five

years" It ís assumed that all covariances between grains

over the five year peri.od are equal to zero' This corres-

ponds to the five year data base (1964-68) from which

production functions and rzariance of predicted yield

functions were processed"

Farm plans are obtained for alternative combinations

of the exogenous variables as rvell as three levels of risk

aversion. Three relatively dífferent soil types form the

tand base of the progranmíng model in order to test the

hypothesis that yietd variation and associated effects are

greater on one soil type than another" Four different

summerfallow ratios are tested for each leve1 of risk

aversion in order to determine fertilizer use and risk

aversion interaction at times of limited quota and/or limited

capital" Similarlyo five levels of capital and two leve1s
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of market quota restrictions are interacted with risk

aversion to determine effects on crop plans and net income"

Farm plans will- be based sole1y on grain crop production

where wheat on fallow, wheat on stubble, oats on stubble,

barley on stubble, flax on stubble and flax on fallow for

all three soil- types are activities within the model.

Risk aversion enters into the mod.eI by way of yield

values incorporated into the net prices of the productive

activities avaitable for solution. Risk aversion is taken

into account by determining the standard deviations of crop

yields at five points on the relevant production functions

and by discounting the corresponding predicted mean yields

by a given percentage of these standard deviations" The

other components of net prices as determined in the model,

mainly prices per bushel sold and. all costs per acre of

prod.uction, are considered as fixed in the short run and

are held constant. In effect, the net prices in the

objective function are discounted by a risk factor associated

with yield variation"

Fertilizer use enters into the model by means of

the activities listed above appearing at different levels

of actual nitrogen. All crops grown on all three soil

types are associated with five levels of actual- N added

to the soil with the exception of flax on fallow where no

nitrogen is added and flax on stubble where three level-s

of actual N are considered" Yields and variances of yields

for all crops gro\^¡n at a specific added nitrogen level are
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determined through production function analysis.

For each of the farm plans obtained for alternative

combinations of exogenous variables as well as for alternative

levels of risk acceptance, the probability of net farm income

lior a particular plan ì-ying below a specified income level

i-s ca-lculated. The probability of net farm income lying

below this specified l-eve1 is calculated under the statis-

i:ical theorem that linear combinations of independent random

varíables which are normally distributed, are also normally

ctistributed" The resulting distribution can be standardized

and, correspondinglyo probability calculated"

ORGANIZATTON OF THE STUDY

Chapter 2 develops the framework for analysis based

Ðn theory of the firm under conditions of imperfect know-

ledge, and analyzes the effects of subjective risk on the

planning models " Rísk rnodels used in other studies and

the subjective risk model to be used in this study are

presented at the end of the chapter.

The next chapter develops the model through (I) spec-

-ì-fying the method of solution and (2) specifying the tech-

nologícal matrix, activities, and constraints to be used in

the model"

Chapter 4 describes the empirical procedures used to

render the model- functional" These include obtaining,

organizíng, and projecting data as required by the model"
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'Ihe f if tir secticin reports on the tests of hypotheses "

It examines i:he effect oÍ risk aversion on cropping plans

and fer'ciiiz,c.::'- lfse e*s u;e.i-i as 'r-he t-rade*off between risk

aversion and- .lecessary -income generated from a particular

r'arm plan.
.ai-.- -^L-rrc-p-¡-ç1¡' ci ::urrr¡na.lízes the study and provides inference

fav furthe¡: study.



Chapter 2

A,NALYTICAL FRAMEWORK

CLASSICAL THEORY OF THE FIRM

Economic production is motj.vated by income in-

centives" Under perfect competition profit motivation pro-

vides the incentive for all firms based upon the role of a

decision maker who maximizes net income when given a set

of prices and a set of technical production functions"

Perfect competition assumes: a perfectly elastic supply

of inputs, a perfectly elastic demand for products, homo-

genity of product and perfect knowledge of market conditions

and technical input-output relationships" A farm faced

with these conditj-ons would be able to attain optimal

formation and use of resources for farm production.

Pure competition differs from perfect competition

in that the assumption of perfect knowledge is not fulfilled"

This situation is typical of general grain production" Other

forms of industrial make-up including monopolistic compet-

ition, oligopolies and monopolies all disregard in varying

degrees some or all of the remaining assumptions necessary

for a perfect competitive industry"
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DEVELOPMENT OF RISK ALLOWANCE

Uncertain íncome expectation resulting from imper-

fect knowledge vlas introduced into the theory of the firm

by J.R" nicks.l Hicks spoke of expected future prices as

e subset of requirements for planning. He felt that plans

are d.ependent not only on current prices but also the

plannerus expectations of future prices. Hicks says,

Even if the most probable price expected to
rule at some future date remains unchanged, a
person's readiness to adopt a plan which involves
buyíng or selling at that date may be affected,
if he becomes less certain about the probability
of that price , if the dispersi-on of possible
prices is increased" 2

Hicks is referring at this point to the degree of price

variation--the increase in range of possible prices " He

goes on to say that an increased dispersion of prices will

have the same effect on planning as a reduction in the

expected price"

If we are to allow for uncertainty of expec-
tations, in these problems of the determination
of plans¡ wc must not take the most probable
prj-ce as the representative expected price, but
the most probably price + an allowance for the
uncertainty of the expecEation, that is to sâY,
an all-owance for risk"3

The allowance for rj-sk is not determined sole1y by the

I*Hicks, J"R", Value and Capital; 2nd edition.
London, Eng1and, Oxford; University Press :-.946 "

2rbid, p" L2s"
3rbid, p. :*26"
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opinion of the planner about the degree of uncertainty

but also by the willingness of the planner to accept risks

which depends upon his tastes and preferences. Hicks con-

cludes by suggesting that we be prepared to interpret these

certain expectations as being those figures which best

represent the uncertain expectations of reality"

Technological knowledge in terms of yields or pro-

ductivity are introduced as uncertain in this study. Costs

and physical input-output ::elatíonships are assumed to be

known. The Hicksion approach of d.iscounting general prices

is applied to net pri.e=.4 By the discounting of yields

and the holding constant of costs, in effect net prices

are di scounted.

The representative or discounted yield is the most

probable or average yield minus an allowance for risk as

attached to uncertain yield expectations. Given any grain

yield which is normally distributed over time with mean (U)

and variance (o') as parameLers, it is possible to incorp-

orate risk into an objective criterion capable of sol-ution"

This discounting procedure can be shown graphícally as in

Figure 2"I" It can be seen that the new discounted net

price þ, is a function of the average net price (u) minusr -r

the standard deviation (o) of observed net prices times the

absolute value of a subjective risk aversion factor (z) " It

-̂Net prices
Price Costs (fixed

in this case are equal to 'Yield x
and variable)'"
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ís important to note that in this study prices of grains

are held constant, therefore variation of net prices of

actír¡i'ties results from variation in yields 
"

Probabili.ty

Net Prices
P1

CALCULATION OF
DISTRIBUTION OF

FTGURE 2 "L

DTSCOUNTED YIELD
NET PRICES FOR A

GIVEN A NORIqAL
PARTICULAR GRAIN

THEORY ASSOCIATED WITH UNCERTAINTY

Decision making under conditions of uncertainty is

a part of life. There is no way of building uncertainty

into a planning model; the very existence of uncertainty

guarantees that any decision in the present is not necessarily the

correct one" It is a fact that if rstærtainty did not exist, the dee

ision rnakÍng chore r,vould be ch.rngerl
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completeiy to mechanical ineans without the slightest
regard for human manager.ial ability" As long as uncertainty

exists man v¡i1I irrake the final decisj-ons regarding any

economic or social planst he will continue to do so using

rnodern approaches to <lecision makíng or the longest used

approach of appeal to the inner subjective feeling.
Planning models cover a wide spectrum" Decisions

can be made on the basis of no information (just a sub-

jective feeling) o.r on 'Lhe l¡asis of a systematic approach

encompassing many sources of information" Availability

of reliable data, soundness of decision tools and models,

and the degree of belief ín planning models are all factors

whích determine the degree of sophistication that a decision

maker wishes to employ"

Pure Risk

The theory of risk is based upon the concepts of

probability and its relatj-onship to utility" An event

that has occured a large enough number of times in the

past lends to itself a probability that it will occur

again in the future" As soon as some certain probability

can be attached to an event that up to that time has been

uncertain (no probability associated with it), then the

uncertainty becomes a risk--something which can be insured

against" A simple example of this being fire insurance

on the home whereby insurance companies knowing the prob-

ability (based on past observation) of any house burning

down, ean set premiums accordingly and ensure that all
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individuals whose homes burn down can be compensated at

no net loss of revenue to the insurance company. This ís
a case of pure risk" Crop insurance works on the same

princiole" Once an individual decides upon his course of

action or cropping strategy, he then can guarantee himself

a certain value of yield by insuring his various grains"

It is important to note hereo however, that the uncertainty
associated. with yield is not taken into account at the time

of formulating cropping plans" In the examples cited the

probability of any home burning or of a crop yielding

below a particular value is known with certainty and there-
fore can be insured against.

Subjective Risk

Subjective risk differs from pure risk in that a

probability of an event occuring is dependent not only

on a distribution but on an attitude which is subjective"

This attitude is based upon individual's opinions, their
outlooks, their tastes and preferences. The components

of subjective risk have been combined with income to explain

the utility theory of production. Utility is the level of
satisfaction received from an object or an event" A

utility function can be described as some unmeasurable

function which is a mathematical- formulation of any personos

feelings toward all qualities in life, tangible or in-
tangible. This function is based upon an individual's
tastes and preferences, his Ievels of satisfaction, his

desires in 1ife, and his differences or indifferences to
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the unknown--that is, his subjective probability or risk
subjective risk andatt.itude" It is understandable why

utility are in part one and the same

Subjective Risk in the Realm of
General Economic Theory

Th.e most obvious of the extensions of orthod.ox

economic theory whj-ch embraces the concept of uncertainty

is also the most simple. It consists simply of revising

Èhe usual certainty model so that expected return or expected

profit becomes the object to be maximized when uncertainty

enters the picture" It is, of course, a perfectly sym-

metical expansion of its classical predecessor embracing

the former as the special case of zero risk, or of expec-

tations which are held with certainty. This concept is

generally written as:

{J : f (Uro')

where U equals utility, p equals expected return and Õ2

equals variance of expected return or risk. Should risk

dísappear then:

lJ : f (uro)=u

Certain broad areas of agreement as to the nature

of expected return-variance relationships exist" Most

persons agree, for example, that increases in expecLed

return, p, tend to heighten its desirability. Similarly,

increases in the dispersion of possible outcomes , 02, tend

to soften a future plan's desirability" Alsoo movements

along a single, risk-return indifference curve require
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to expected return" These

symbol-ically as:

au. ^ llu
tito i 'ffi2 <Û; änd

be compensated

conditions may

20

for by additions

be expressed

ðU

Y" =E >o.du DU

à62

The l-ast Lerm, the ma:rginal rate of substitution between the

expected returir and risk,. follows directly from the first

two "

The frincti-o¡.r';

U^ : f (p, Õ2)
o

theno can be likened to an Índifference curve defined by the

locus of U¡ Õ2 point.s whose values are deemed to be equal

to the certain r:eceipt of Uo utility (dolIars) " Similarly,

for each alternative plan described by points (u¡, o2. ) o a))
unique utility exists,

U- = f (u-,, o1 L) ')' l
by which its desirabilj-ty can be compared to other plans"

Because utility functíons are non-cardinal in nature,

economists depend on ordinal numbering of related indif-

ferences curves when considering utility- Considering

expected income and j.ncome variance (risk acceptance) as

variabl-es, one would expect a farmer to be more satisfied

or have a higher utility the greater his average (or ex-

pected) income and 'bhe lower his income variability. As
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Markowitz- demonstrates, using an E-V

satisfaction increases from southeast

indifference curves run from southwest

2r"

indifference system,6

to northwest, while the

to northeastT (Figure 2.2)

.,/"

Tr To

Expected
Income

Income Variance (Risk)

FIGURE 2 "2

AN E-V INDIFFERENCE SYSTEM

sMarkowitz, Harry M.; Portfolio Selection: Efficient
Diversification of Investments

s, 1959"

6or, 
"-t 

indifference system is a set of mathematical
curves each of which is formed by differe:r': combination of
expected income (E) and the variance of risk surrounding the
level of expected income (V) that yield the sarne utility or
satisfaction "

7ïr, Figrrt. 2.2 o the decísion maker or farm planner is
indifferent between producing at A or B" Poínt B corresponds
to a production resulting j-n an increased expected income, but
also an increased income variance. Point A corresponds to a
production resulting ín a reduced expected income and variance"
The f arm planner who can achieve a production on the I r., leve1
curve is indifferent between points A and B. However, þoint C

which is on the next ind.ifference curve if obtainable can yield
more utility as expected income is increased with a small in-
crease in income variance"
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Sub'iective Risk in Production Economics;
o

Heady and Candler" introduce this analysis into a

production situation" They suggest that there is a minimum

incorne variance that can be obtained for ârty given income,

and alternatively for any given income variance there is

a maximum attainable expected. income. Thus in Fígure 2.3t

the area under OAB represents a feasible income level

Íncome variance combination"

Tnfeasible
Combi-nations

Expected
ïncome

Feasible
Income-Variance
Combinations

Income Variance

FIGURE 2.3

}4Ï}TTMUM INCO}4E VARTANCE AS A
FUNCTIOI.I OF EXPECTED INCOME

SHeady,

_<tramming Methods.
Earl O" and
Ames, Iowa

Candler, !,liIf red "State University
Linear Pro-

195ã-F:- 55Ë',;
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The problem becomes one of finding production plans

that correspond to the upper boundary OAB--aIl- feasibl-e

p1ans. Any plan orr (fA]3 is pref erred to a plan under OAB

(such as C) i¡ecause :lt has greater income or smaller vari-

ance {risk} bhan any other feasible plan with the same

variance or i-ncome.

Combiníng the E-V indifference system with the min-

imum income var-iance results in an illustration showing the

decision maker's best choice of efficient alternative

expected net incomes given his own indifference mapg

(Figure 2"4) "

Bxpected
Net

Income

Curve A

Risk Acceptance or Income Variance

FTGURE 2.4

OPTIMAL TNCOME-VARTANCE POTNT GTVEN
AN E-V INDIFFERENCE SYSTEM

9orirrur, H.C.; Tenure Forms and ïnstruments ïmpeding
or Facilitating Èar

e
Economics, 19690 p. 22"
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The point at which a farm manager's highest in-

difference curve is tangent to the production surface of

efficient combinations of expected income and minimum risk

resul-ts in the optimal net income-rísk situation for that
individual. It is noteworthy that the more vertical the

indifference curves the less willing the manager is willing
to accept risk as the tangent point will be further to the

west; the opposite is 'Lrue regarding a more horizontal set

of indifference curves. It is obvious that the slope of the

indifference curves determine the degree of risk acceptance

that a farm manager is willing to accept; and the slope of

the indifference curves depend on that individual's tastes

and preferences and attitudes toward income uncertainty"

Halter and Dean, tO modern day authors in the area

of risk and uncertainty, d.emonstrate a technique that makes

it possible to determine the shape of any individual's

utility curve. This bears mentioning at this time because

the shape of a utility curve is directly related to an in-
dividual-'s attitude toward uncertainty" Hal-ter and Dean

illustrate three possible types of utility functions

(Fisure 2.5) 
"

10".1t"r, A.N. and G.w. Dean, Decisions Under Un-
certainty with Research Application" @ipt,
University of California, Davis, Agriculture Economics, I970,
p" 42"
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ATTTTUDES TOWARD RISK

utility
Averter of

Indifferent of
É-seeker of Risk

10,000

Risk

Risk

5,000
Dollars Gained

FIGURE 2"5

UTTLITY FUNCTIONS

All three functions increase monotonically through-

out, showing that all three j-ndividuals prefer more money

to less. However, the marginal utility of an additional

dollar of gain varies among the three cases. Individ.ual I

has a constant marginal utility of money, indicating he

values the first or 5,000th dollar gain as highly as the

10,000th. Individual II has a decreasing marginal utility

of money indicating that as dollar gains increase, they

become subjectively less valuable; there is less glamour

associated with 'taking a chance at higher levels of wealth.
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The converse is true of Individual III " He has an increasing

marginal utility of money, indicating that he does not mind

accepting more risk for a chance of more money. This study

assumes farmers would. fa11 in the risk aversj-on category"

Reali zíng that the farm can only survive if expected income

is at l-east as large as all costs and living expenses in the

long run, then it would only seem normal that the first dollars

covering the necessary cosLs would be more highly valued than

those dollars beyond the survival point"

In sunmary, the theory associated with uncertainty

falls predominantly in the area of subjective risk. Pure

risk is based on known probability distributions. Subjective

risk is based on both probability distributions and attitudes

which include personal tastes and preference. Given a

situation where a manager can produce at a number of efficient

production points which differ in regard to expected net in-

come and associated risk, he will produce at the point that

corresponds to his attitude toward risk. Theory suggests

that this occurs at the point where the individual's highest

attainable indifference curve in the E-V set is tangent to

an efficient production point, in which case the shape of

the indifference curve embodies Lhe manager's attitudes

toward risk"

This concept is consistent with Hick's allowance

for uncertainty" Although Hicks felt that a manager would

plan against uncertainty by discounting some average price

or i-ncome by some subjective amount, he still arrives at



the same result as the discussion on

just presented" The utility theory

more refined in that an individual's

toward risk enter into the analysis

CUTVES.

27"

utility theory has

concept is somewhat

subjective attitudes

by means of indifference

SUBJECTIVE RISK MODELS

Many attempts have been made to measure uncertainty,

changing it to a risk concept, and then buiì-d.ing that

concept into an analytical model. Presented. in the next

few pages will be analytical- mod.els formulated exclusively

for the purpose of incorporating subjective risk into

the decision process.

Farrar's Model

F.tr.rll attempted to formulate a model for making

the best investment portfolio decision under uncertainty"

His model is based on the extension of orthodox economic

theory embracing uncertainty. His revision of the certainty

model requires maximization of expected returns or profit

from a number of investment opportunities " Farrar feels

that a rational- investor can be induced to increase the

risk which he will bear only if it is accompanied by a

11_.H'arrar,
Under Uncertainty"
ñ

Donal-d Eugene" The fnvestment Decision
Englewood Clif nc"
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compensating rise ín expected return" In a formal sense,

therefore, an investmentts expected value is discounted

by some measure of j-ts risk" Based on two assumptions:

1. An investor's utility of money function
is positively sloped and concave downward
a risk averter, and

2. llis investment strategy is the maximization
of expected utility,

Farrar formulates his model in terms of Hicksian's allowance

for rísk" The model. appears as:

E (U(x)) = U * Ao*2

where B (u (x) ) represents the expected. utility of some

Ínvestment portfolio; u equals the expected value; Õ*'

equals the variance of expected value for the *th investment,

and A is some subjective risk factor. Farrar translates

this into a progranming model incorporating many investments

which appears as:

E (u (P) ) = IYIUi - AÐIYioijYj

where P, the portfolio, -is a weighted sum lVtxt of individual-

securities whose indices, Xio i=l, 2r---rn are treated as

stochastic r¡ariates having unit value at the beginning of

the present time period" !-urthermore,

v.à 0'a

is the proportion of the portfolio which is invested in
.rhthe i-" security (IYi : 1) " The equation,

ui = E(xi)

stands for the expected value of securj-ty i" (IYiUl there-

fore represents the portfolio's expected value") The
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identity,
o-. = [ (x- u. ) (x- u-, )rl r- l-' I 'l'

is the covariance of securities i and ) o and lfYioijYj

therefore, is the portfolioos variance when the vector

P - Iy.X., is substituted for the single variante, X, as the
'l- l-

opportunity under consideration" Given a value of A (some

risk aversion factor), the model is determinate by quadratic

programming techniques.

Freund's Model

Freundl2 first solved a conventional linear program

with various cropping activities and found that high risk

crops would be grown on large acreages" The reasoning was

that high risk crops are quite profitable in the long run,

but most farmers are neither willing nor able to endure the

extreme fluctuations of the net revenue of such crops- It

was for this reason that Freund thought that the development

of a risk programming procedure was important"

He begins by assuming that the net revenue of each

process (activity) is normally distributed, therefore, that

the net revenue for the whole model is normally distributed"

Similar1y, Freund assumes prices and quantities of all j-nputs

are fixed, and that the formula for the entrepreneur I s

utility of money function is:
y(r) = I - u-tt I

12_*-Freund,
Proqramming Mode1"

R" J" "The Introducti-on
Econometrica Vol" 24 P"

of Risk into a
253-263 1956
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where y is the utility and r is the net revenue" This

function is convex everywhere and represents the d.ecision

process of a conservatrve entrepreneur" The constant 'a'
indicates the entreprerreur's aversion to risk" Maximization

of expected utility can be accomplished by maximizing the

functiorr:
*1

E (u ) = u a/2 ao,

remembe:r:ing the form of t-he parameters of the distribution

of the net- revenue in a quadratic programming model. Freund

maximized expected utility by maximizing
&

E (u ) = s'x - a/2x¡ rx
subject to

TX SV,

and

x¿0
where

S is a vector of net revenues of unit levels of a

set of productive processes available to a firm,

X is a vector of the number of unit leve1s of each

process in a productive program,

T is a matrix of the amount of certain scarce

resources needed by the unit levels of the pro-

ductive process, and

V is a vector of available amounts of the scarce

resources "

Freund found in his solution that fewer high risk

crops came into the solution than previously when risk was
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not built into the model" Net

so had the standard deviation

revenue had decreased but

of net revenue.

Van Moeseke's ModeI

Van Moes"ke]3 formulated a risk programming model

in which technical conditions are know with perfect

certainty, but net product prices are normally distributed
with parameters U1 and "? " and that net product prices

are not independent so covariances o. - exist. He thenr_l

defined his model as:

f (x) = õ'x - m(xt v x)\,
where õ is an n-dimensional vector of net product prices,

X is an n-dimensional vector of unit levels or processes

or activities available for solution, V is the variance-

covariance matrix of net product prices and (X, V X)"

is the standard deviation of net income" Drivetl4 developed

the model to solve an empirícal problem and maximized this
objective function subject to the usual linear constraints
and resource availabilities as specified by,

AX S b,

x > 0"

13v"r,
Yale Economic
Press. 1965 "

Moeseke, P" Stochastic Linear Programming"
Essays" New Haven, Connectj-cut, YaIe University

r4_--Drrver, H"C" Tenure Farms and Instruments Impeding
or Facilitating Parm gn
Unpublj-shed PhÐ. thesis" Iowa State University, Agriculture
Economics, 1-969
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The objective function is non l-ínear and convex in
shape, but is homogenous of degree one. The risk aversion

factor, m, is the amount of confidence or degree of prob-

ability by which most probably net income is likely to

exceed representative net income or some risk accepted

level- of income" Thus, m, is the trade off between expected.

net income and risk acceptance. Its value (when known) is

directly related to the cummulative probability of the normal

variante, Z" Driverrs revised model was solved by:

min" (X' V X)

AX<b

õ'x = í¡
x>0

-i-where *b denotes alternative levels of expected net income"

As a result, a guadratic algorithm was used in
solving the system for alternative levels of income. The

original non linear objective functj-on was then evaluated

for each solution until a maximum on it was found.

The approach was costly as many runs were reguired

to trace out the val-ue of the non linear objective function

and scan it for a maximum point.

SPECIFICATTON OF RISK MODEL USED IN

THÏS STUDY

The risk

advantages over

programming model of

the models of Freund

Van Moeseke has major

and Farrar" They
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include the folJ-owing.

1" The Van Moeseke model fits more closely to the E-V

indifference analysis" I{hereas the other two mod.els

f all int-c¡ the real-m of Hicksian risk allowance, the

former model specifies actual minimum variances for

each optimum value of net expected income" By tracing

out a function of income-risk values, it becomes

possible to derive a trade off between risk and income

on the basis of many solutions-- not just one as is

gíven by the models of Freund and Farrar.

2" The whole process for the Van Moeseke model is re-

versible" Given a value for risk, it is possible to

determine maximum net income, and vice-versa. Similarly

given a value that the firm must achieve to survive,

the risk surrounding it can be determined. This is

not the case in the other two models.

The model to be used in this study provides the

mechanism for making trade offs between expected income and

risk as does the Van Moeseke model. It is derived into two

parts" It is based on discounting of net prices by a

subjective risk factor" The model is programmed linear1y"

It is assumed that there is no covariance between activities

or processes, that net product prices are normally dis-

tributed and that costs of all inputs per unit are known

with perfect certainty" Given a single productive activity,

the objective is one of maximizing expected income, t(X)"

This appears as:
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Max. t (x) = õf *f , jo
Under a situation of many activities, the objective

is similar, however, the function becomes

Max. t.(x.) = (õ. z.oYx. 2"I) l. I I )
A..X. < B. 2.2'all- l-

All xj : 0" 2"3

In this model

X-: represents a vector of values for the unknown)
variables (cropping activities) of the jth farm

p1an,

(õ - 2-6) represents a vector of discounted netJ-
prices for the i 

th pl--rr, 15

A=. is the matrix of technical coefficients,rJ
associated with the cropping activities, and

f5_*"Some concern may arise as to whether variance is
in dollars or in physical terms (bushels) in this vector
form" Variance is in dollars per unit level of activity.
However, the following description shows that for equation
2.I, one needs to find only the variance in physical terms"
The variance of the random variable C for 2"L can be
described as follows;

Let Y be yield per acre
P" be price per unit
V be variance of the random variable C

C = P"Y Costs
v(c) = v(P"Y) - v (costs)
V(C) = Py2 V(Y) O = P"2 o',

.Æ(c)=P-"o--Y'yy

c z fiic) = ny" ,ny oy = ny (u----zøç) 
"



B. is a vector of resource leve1s available for
l_

use in the ith p1an"

The second part of the model is specified âs r

t- - E(t-)
r_,_ = l__f_¿.Ì
' ("] v x-,)%' J l'

35.

2"4

By this formula it is possible for any farm manager to

determine the chances of expected income lying above the in-

come generated by future production plans which include risk,

or the chance of expected income exceeding a specified level

of income " In this model-

E (t: ) is the expected income of pre-determined pro-
.J

duction plans not considering risk. In this

sense, then

E(t-) = õ-X-, and'J' )f
tr is the expected income from future productionl6

J

plans which consider risk, where

t. = (õ z.a)'x.17.l))
Furthermore,

rxl v x'l
L

.)' is the income variance associated with
J

the unit levels of acitivies within the

plan" It is equivalent to:

16"-, becomes i-, when a survivar level of income or-l - s'specified lévet is used, rather than some pre-determined
income l-evel developed from model 2.L"

l7rhir explains how 2.L and 2"4 are interrelated
and form the over all complete model.
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ì-

-.: ZX(
i =11-,)

_t

¿o.-t
¿

il .-,1

i^¡here k is the number of activities and. j is the jth

plan" y. -is the probability of income from a farm

plari exceeding either the income generated by future

production plans incorporating risk, or a survj-val

-!-evel of income " 'Ihis value must be negative if the

corresponding plans are to be feasible.18

This model provides bhe mechanism for making trade

offs between expected .income and risk by selecting production

points that correspond to different levels of risk aversion.

Given these expected income solutions, knowing the variance

of the cropping solutíonu and some survival level of income

random variable is

t -' *1*I o

1B__*"Variance in this case is in terms of dollars" The

t (Í"e. a linear combination of the

c.>xt (objective function in terms
net income)

C.
)

of

's.)

t - ,nr, ", Costs) Xt * ,r"r", - Costs) *Z

v(r) = e?- o?. ) x? + rp? o2. ) )'2t'Yr""t'^r - ""r"rrt n2

,,ÆTÐ = , ,ntr 
ro'r r) x2, + ,ntr 

r"tr r) "', \4
¡ t_2 ,,2 \ + ø? x7 )\\tt'", ^t ' u, L

= (X'vX) % where

,,= l"z oll'r I

lo o2 l t

L"d
In equation 2.4 variance of income must be in dollars. Therefore,
the yield variances associated with the various activities are
multiplied by the approprJ-ate unit product price squared"
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of the cropping solution, and some survival leve1 of income

t.hat must be meto it is possible for a farm manager to

select a production point that is higher than the survival

point. This ensures that an individual will not discount

or avert risk to the point where he will- not be able to

meet his production costs and his personal withdrawals "

This is shown in FÍgure 2.6"

Feasible Area
Expected

Income

Survival
of income

-tnfeasible Area

Income Risk

FIGURE 2"6

HYPOTHETICAL TLLUSTRATION OF DECISION
MAKERS TRÂDE-OFFS BETWEEN EXPECTED TNCOME AND

INCOME RISK (E_V FRONTIER).

If solutions A, Br and C are found on the basis of

different risk factors ,j, production plans corresponding

Èo points B and C are eligible for consideration by the

farm planner to which they pertain" This example presumes

1eve1
(r_ )Þ
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one fixed level of exogenous variables for three different

values of risk. Shou1d a manager wish to change input-

output coeffícients or resource leve1s, a new E-V curve

OABC would result. Regardless of the E-V curve finally
selected, a manager will sel-ect a plan on it that exceeds

the survival level and one that approximates most closely

to his own subjective risk attitude"
This approach is closely related to subjective dis-

count.tng procedures followed by farmers. A farmer who is
given a set of solutions or plans determined through linear
budgeting techniques applied to his farm based on different
values of exogenous riskn witl select the plan which meets

the i ncome objectives of the family while minimizing the

chances of not achieving them. He will in effect choose

a cropping plan that reflects his tastes and preferences,

his attitude toward risk and money gains given his own

debt-equity position"



Chapter 3

DEVELOPMENT OF THE MODEL

The model cfeve-l.oped and applied to alternative

levels at rísk acceptance given varying levels of exogenous

variables ís based on the previous discussion girren in the

analytical framework"

METHODS

Given the model as

Max" t- (X-, ) = (ö-I ' -'1' '-l
avG,'ft..À-: - B.r-l J t
Al-1 X.=0l

OF SOLUTION

described by:

Z.ol I X.tl 2"r

2"2

2"3

2"4

and

.j - E(tj)
)'j = (*l o "J 

t,
)l

the procedure invol-ves the maximizing of 2.L. The tech-

nology matrix A is d.escribed and specified later in Table

3"1 as are the B1 levels"

The risk aversion factor (Z)) .is treated exogienously

and given three alternative values for the purpose of det-

ermining changes in crop plans and net income aj (Xj ) " All
net prices of productive activities are discounted by a

similar value of ,j, however, the standard deviations of

yield (6) pertaining to the various activities are not

the same"
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Variance of yields (o2) are determined by reg'ression

techniques utilizíng normal distributions of yields at

various levels of nitrogen application. The resultant
production functions are tested statistically and used to

predict yield variances for all nitrogen levels. Associated

mean yields for all dÍstributions are predicted on the basis

of the same production functíons determined by regression"

Product prices are predicted averages over the

five year rangie of the model" I These prices are assumed to

have zero variance" As these prices are constant, net

prices per acti-vity are directly related to yield.

The second part of the model described in 2"4 det-

ermines the chances of expected income derived from any

set of future plans exceeding a specified level of income.

Using 2"4, plans derived from the solution of 2.L for all

levels of exogenous variables given the three different
values of risk acceptance ,j are tested to determine their

chances of exceeding a specified level of j-ncome. As the

technology matrix to be presented later is based on a case

farm so will the specified level of income t- used in 2.4.

Expected income E(tj) is determined by multiplying expected

net prices by the unit acre levels of activities contained

la= the yield
year's data, it is

sults be interpreted
duction periods"

figures to be
necessary that
as farm plans

used are derived
the corresponding

for the next five

e i.rrom r- l-ve
re-

pro-
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in the solution vector (Xj ) , which are brought forward

from the 3th ptan generated by maximizing 2.I" The vari-

ance of net income associated with the plan to be tested is
determined by multiplying the associated yield variance of

a solution activity by the weight (acreage in the plan) of

that activity squared. and the product prices squared, that is:

2k222t (t.) :*r, x] ": ni' l' l=r
The variances used are taken from the same source as described

before" The solution to 2"4 is an area (probability) under

the standard normal distribution which must not be less than

50 per cent of the area if the plans are to be judged as

feasible "

THE MODEL IN DETAIL

Activities, resource and product constraints as well-

as corresponding input-output relationships are identified
and illustrated in Tab1e 3.1" This table specj-fies equation

2 " 2 and incl-udes :

1" activities X. listed in columns where
j=1, 2 r---541

2" constraints b- listed in rows where
i:l, 2r---IBrtand

3" input-output relationships rij belonging to A"

Act ivities

A cash grain type farm presented later in

Chapter 4 forms the basis of information and data used
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in the proposed model. Wheat seeded on fallow and on

stubble, oats seeded öri st.ubble, barley seeded on stubble,

f lax grown on st.u.bble ¿:nd f al1ow and present year's sufiuner-

fallow are consídered as endogenous variables or activities"

Other possibl.e grai n activities such as rape and rye on

fallow or stubbl-e, anci. specíal crops including corn, sun-

flowers, suqar beetsu etc" are omitted from this analysis

as corresponding yield data are not available in sufficient

number..

The wheat activ.ities are broken down into quota

and non-quo't.a groups " Wheat sold on quota is activated in

a different manner than that not sold on quota. As quota

sales have historically resulted in higher net prices than

non-quota sales, the wheat quota activities in this model

will return more to net income than the wheat non-quota

activities "

The case farm relies heavily on continuous cropping,

high values of inputso and low inventory of grain from one

production period to the next. Al-1 grain produced is dis-

posed of before the next harvest. Grain grown on a con-

tinuous crop base that can not be sold through Canadian

Wheat Board channels, in the past has been sold to non-

quota agencies e"g" local feed mills.

Dividing the grain activities by means of fertilizer

levels creates some difficulty. It is the intention of the

author to associate five leveIs of nitrogen application

with all cropping activities, except f1ax. Wheat, oats,
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and barley are to have levels of nitrogen from zero to B0

pounds actual nitrogen. It is felt that this range of

application covers the rèlevant area of fertilizer usage

at this time. Flax grown on fallow j-s assumed to not

require fertilizer as yield data in sufficient quantity

for flax fertilized on .fallow is not available. For flax
grovtn on stubbl-e, three levels of nitrogen are used in

the analysis.

One of the major objectives of this study is to

study the effects of different soil types on yield vari-
ation. The case farm is made up of three different types

of soil. To bring the yield variations accruingi to these

soils into a position where their differences and the con-

sequences of their differences may be examined, the crops

discussed above are available to be grown on all three

types of soil. In other words, differences in similar
activities are due to landbase on1y"

Gíven the above discussion there are 105 activities
(35 x 3 soil types).2 However, due to limitations to be

presented later, this number is reduced to 54" This number

of activities fcrms the endogenous variable base of the

planning model.

2rh" 35 is mad.e up of : (i)
each; guota wheat on falIow, wheat
stubble, wheat on stubble, oats on
(ii) 2 groups of flax; 3 activities
activity of flax on fallow. (iii) 1
f alIow"

6 groups of 5 activities
on fallow, quota wheat on
stubble, barley on stubble"
of flax on stubble, 1
activity for summer-
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Constraints

There are eighteen constraints in the planning mode1"

They consist of nine land, three Iabor, one operating capital,
one quota, and four acreagie constraints.

Three different leve1s of each of three soil types

are considered for the land base" It is assumed that all

land included. in the model is in fact owned (not rented) " To

determine the effect of summerfallow on net farm income and

croppíng p1ans, suntmerfallow will be forced into the solutions
j-n a systematic r.y.3 For a given percentage of summerfallow

in each soil type, there is a corresponding constraint. It

allows seeding of summerfallow at the same level. Similarly,

there is a constraint limiting seeding on stubble land to the

differences between the total acreage of the avail-able soil

Èype and the sum of the seeded summerfallow and the land left
idle" Therefore, given three soil types and three classifi-
cations for each, there are nine land constraints which are

treated as exogenous variables" Four different level-s of

summerfallow specification create a test for finding differ-
ences in crop planning. These levels cover a range from a

requirement of no summerfallow to a certain given percentage

for each soi1" The specifications of summerfallow correspond

to known percentages used in the area"

3thu reason for this will be presented in Chapter 5,
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The levels of Lhe three labor constraints pertain-'

ing to t.lre case farm are employed" As this farm does not

have Iíriestock, onl-y the high labor reguirement period=4

of seeding arrd harvest are considered. The months of May,

June and .Tuly are irea ted as the per5-od required to per-

form seeding, spraying and sunrmerfallow cultivation functions"

The ntonths of August, September and October are specified

as including L.he remainder of the summerfallow cultivationn

harvest anä fall work" The total labor resource includes

all management and hired labor available to the case farm"

The levels of these three restraints remain constant

Lhrough all planning trial-s.

Short term credit available forms the operating

capital requirement" The manager of the case farms feels

he has a maximum line of short term credit established in

his loca1 community. This value is used. as the initial

constraint for the model " As the value is exceedingly high

and is expected to have no restriction on farm plans,

operating capital is gíven four other values which are

lower than the one used initially" It is believed that a

restriction of operating capital will have major effects

on croppj-ng plans, fertilizer use, and risk acceptance"

Another constraint is that of wheat quota. As

discussed previously, wheat will be grown for either quota

or for non-quota sale" Each quota bushel produced will-

4o" reJ-ated to a grain farm"
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decrease avaj-lable quota delivery" Determining in advance

to a production period what the wheat quota will be in
total bushels is impossible as this depends on acres seeded"

A rough estimation of the total wheat quota allocated to the

case farm wí11- be presented later as will the technique used

to determine that estimate" Two different totals are used

as the effects of increasing or decreasing the quota are

examined "

The other constraints are used as safety stops to
prevent the most profitable activities from using all the

available land restraints" They incl-ude acreage maximums

for seeded wheat, oats, barley, and flax.

Matrix Coefficients

The coefficients pertaining to the nine land constraints
produce no difficulty as use of one acre in any activity simply

reduces the l-evel of the corresponding restraint by one acre.

Labor hour coefficients require a more detailed

analysis. Given such factors as tillage practises, size

of machinery, grain hauling distances, soil texture,
typical field size, and degree of stoni-ness, it is
possible to calculate the number of hours of labor required

to perform one acre's production of any activity. This

total labor value is in turn broken down into spring and

falt requirements "

It was decided that all variable or direct costs

and all fixed costs would be allocated on a per acre

basis to determine how much capital would be required in
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total to have an acre of any activity come into solution.5

Variable costs include seed, seed preparation, soil tests,

weed chemicals, fertí1izer, crop insurance, machinery and

equipment expenses, fue1, and custom work" Fixed costs

are made up of depreciation, taxes and other overhead

expenses "

The coefficients pertaining to the wheat quota

constraint are based on discounted yields" When the planning

model correspond.s to a specific level of risk aversion,

all quota wheat activities have yields which are discounted

accordingly" As one acre of a quota activity enters into

solution the available wheat quota is reduced. by an amount

equivalent to the yield ascertained by the discounting

process.

This planning model is made complete wíth the det-

ermination of net prices" This is performed by a simple

multiplication of product price and discounted yield foflowed

by a substraction from that total of all costs" Product

prices are average expectations of the case farm manager

for the next five years. Yields are determined by a pro-

cedure discussed later.

This model is solved parometrically changing the

levels of risk aversion, capital values and land constraints

to determine the effects of these systematic changes on

crop plans and net farm income. The model is outlined in
Tab1e 3.1 "

5_."Fixed costs could alternatively be placed on a
total farm basis.
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Cirapter 4

DE\/ELOPMENT OF EMPTRTCAL PROCEDURES FOR

PROCESSÏNG DATA INPUT

The model specified in equations 2"I, 2.2, 2.3 and

2"4 vüas employed ín obtaining empi-rical results for the

selected case farm" This chapter develops the empirical

procedures usecl ín obtaining, organizing, synthesizing

and projectíng data input required by the model. The

assumptions underlying all procedures are identified"

SELECTION OF CASE FARM AND DATA SOURCES

The representative farm selected for use in this

study is managed by a member of the Carman District Farm

Business Association" The main reason this farm was

selected is that it consists of three different but

adjacently located soil types. On the basis of Manitoba

Crop Insurance classifications, this farm consists of

soil types:

1" 8.,, known within the risk district in
which the case farm resides as
SperlJ-ng 1oam,

2" CZZ Red River clayo and
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3. EzZ - osborne clay.1

The case farm was strictly a cash grain farm" It

was assumed that all croþs harvested were disposed of before

the next harvest. The manager's records of all resources,

inputs, credit arrangements, yields and costs (both fixed

and variable), pertaining to his farm were employed where-

ever possible.

In this model only nitrogen (within the fertilizer

analysis) and its effects on crop yields on all three soil

types was considered" As the case farm is located in a

region where potassium in the form of potash is not required

to be supplemented on any of the three soil types, its

effects were not considered" Phosphorus was treated as

being in ample supply for all crops on all soils. In dis-

cussion with a soil- scientist at the University of lr{anitoba,

it was felt that for the sake of reducing the analysis

regarding fertilizer, it would be adequate to assume that
phosphorus was always plentiful (non restricting), regard-

less of whether or not it was supplementarily added or the

soil was ínherently satiated"

1_-Associated with these letters of classification is
the concept that a higher productivity rating is given to
beginning letters in the alphabet" Therefore, both 8.,, and
Czt are rated higher than Ecei Blr is rated higher thäñ Car.
Tñõ subscript '12' refers tõ-a wëÍl internally drai-ned
soil in risk dÍstrict twelve i '32 ' refers to a poorly in-
ternally drained soil in risk district twelve.
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Most data input within the analytical model in-

cluding expected prices, labor and capital restrictions,

technical coefficients, fixed and variable costs were

derived from records of the case farm" Tenure arrangements,

crop rotation practises and yields were not. Farm managfe-

ment guides as well as other pertinent sources of data were

used for specific areas where the model was formulated to

use practises not followed by the representative farm, such

as summerfallowing. Yield figures were determined soleÌy

from Manitoba Crop Insurance data.

The Manitoba Crop Insurance data employed consisted

of crop yietds over a five year range from Ig64-Lg6B2 for
all insurable soil types (risk areas) in Manitoba. Corres-

ponding to each yield was a fertilization rate in actual

pounds of nitrogen, phosphorus, and potash and, whether

the particular crop \.das grown on fallow or stubble. On

examination of the yield data it was apparent that to

satisfy conditions requiring normal yield distributions
(as related to the discounting process) it was necessary

t.o íncrease the area from which the data were chosen. It
vtas decided that the Rural Municipalities of MacDonald,

Morris, Roland, Dufferin and Grey. being located in risk
district #I2 would serve as the data source area. Within

2t"tanitoba Crop rnsurance began
of rnajor crops for each policy held by
7967 all insurabl-e crops \dere recorded
for major crops represent a five year

recording the yields
them in 1964. By

. The data at hand
range , 1964-68.
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this risk distríct all of the Sperling loam and most of

the Red River clay and Osborne clay exist. The shaded

area indicates the data baser âs shown in Figure 4.1.

Owing to ]ack of yield data many crops were still

eliminated from the analysis even after the data area had

been increased. For instance, cash crops including rape

on stubble, peas, corn, ai'.d sugarbeets were not included"

Another criteríon required that every crop used in the

analysis had to be grovrn on all soil types. 3 This condj-tion

eliminated growing oats, barley, and rye on summerfallow"

This left the crops discussed in Chapter 3 for analysis

which includ.ed wheat on fallow and stubble, oats, barley

on stubble, and flax on fallow and stubble.

EMPIRICAL PROCEDURES USED TN PROCESSING DATA

Weighting of Yield Data

The raw data for each crop hras broken d.own into
arbitrary f ertilizer groupings " These groupings \,vere det-

ermined on the basis of a possible equal allocation to each

group which had a consistent yield range" Using this

criterion wheat grown on falIow was divided into three

3a large enough number of rape on
for soil types 8.," and C." exísted, but as
for Er", rape on'faIlow riás not considered
analydÍs" ft would be impossible to test
yield variation as between different soils
$ras not represented "

fallow observations
there were too few
for the major

for differences in
if each soil- type
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nitrogen groups--no nitrogen added, l-B pounds actual No

and 9 pounds and over actual N" The raw data pertaining

to wheat, oats, and barley all gro\^/n on stubble was divided

into five actual N l-evels--no nitrogen added, 1-10 pounds,

II-20 pounds, 2L-30 pounds and 31 pounds and over. Flax

grown on stubble was divided into two groups--no nitrogen

and all rates nitrogen application" As discussed previously

flax on fallow was analyzed as being non fertilized only,

Lherefore, only the raw data exhibiting that quality was

collected "

Considering the six cropso the nitrogen divisions

corresponding to each, and the fact that all these group-

ings occur on all three soil types, there were 63 class-

ifications that required yield data from the source defined

earlier.

As previously discussed, the model makes use of

normally distributed net revenues for all productive

activities" As the product prices were assumed to be

constant, then ít was necessary that the yield observations

be normally distributed" The raw data or actual observations

in the grain-fertilizer classifications did not fit. a normal

distribution.4 ft was decided that introduction of the

Central Limit Theorem would ensure normality of mean yields;

41., eight
\.ùere skewed to the
was concluded that

out of 63 classifications
ríght, and. two skewed to
normality existed in very

tested, six
the left. It
few instances.
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grain- ferti 1 i zer

Each of the five

from one year of

tabÌe "

57"

samples of five observations within each

cl-assification would guarantee normality, 6

observatíons within one sample was selected

the raw data by means of. a random digit

On further examination of the data, it was apparent

that no uniform distribution of yields over the five year

range existed" For example, the classification of stubble

wheat gro\^/n on soil type e7 fertilized. aL a rate of 11-20

pounds of actual N had 71-5 observations for the years 1964-

1968 for the chosen data base area. Howevero each year

does not have one-fifth of that total. The year 1964 is

recorded as having 52 observations while the years 1965,

L966,7967 and 1968 show 86, I82,207 and 1BB observations
a

respectively.' Although more year's data, if available,

might average out the effects of the trends of observations,

ss.redecor, George, W. and Cochran, W.G.; Statistical
Methodsi Iowa State Press, Ames, Iowa. 6th edition, p" 51"

6_"In five randomly selected cl-assifications tested
after sampling, all were normal"

7H.rr"" E' will be known as E, BI2 as B; and C'
as C"

Brfris is the case for all classifications. Those
cl-asses based on a higher rate of nitrogen application shorv
a tendency of more observations toward the l-atter years.
The opposite being true in classifications based on lesser
or zero rates of application.
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one :i-s faced witli t-he r:ossibility of incorporating large

techriological changes ínt-o the d.ata" If fewer years data

was used t-,he rnoCel wouió become based on the yield results

of one of two years, å .híghly unrealistic situation. For

Lhese r:easons the fíve year data range was decided upon"

TechnoLogy is assumecl L-.o remain unchanged during this
q

El_me.

To determine ä Tepresentative distribution of sample

yields For each grat-n-"f ertil- izer grouping based on the f ive

year ,range decided upon, it was necessary not to bias any

particular year. If average sarnple yields were determined

from the total number of observations within any classifi-
cation, this woul-d occur" To make meaningful comparisons

between classifications it was necessary to weight all
observations within each sample of five by a value equiva-

lent to the percentage of the total observations that occur

in the year from which any observatj-on was drawn. Using

the example previously cited, the value of any observation

drawn in 1966 was weighted by IB2/7L5 or "25455" A1t

classifications have thirty samples" Each observation

within every sample was weighted by a factor corresponding

to the makeup of the raw data" All corresponding nitrogen

9rh" number of farms using fertilizer
1964-68" However, fertilizer rates increased
Increased fertiLízer usage due to adoption of
practises by farms not previously using them
technology; increased rates on farms already
is not.

increased during
enormously.
fertili zer

is a change in
using fertil-izer
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rates were similarly weighted

For all randomly selected samples in all 63 grain-

fertil izer cl-assifications. each observation of yield and

cor.responding nitrogen l-eve1 was weighted" Each newly

weighted yield sample and corresponding nitrogen fevel

was then added resulting in a weighted mean yield and a

weighted nitrogen mean l-evel" At the same time the yield
variance for each sample was calculated. Within each

classification, therefore, there were now 30 weighted mean

yields, 30 weighted nitrogen mean levels, and 30 variance

of weightedl0 yields.

Regression of Mean Yields and Variances

In order to include activities based on high rates

of nitrogen application in the programming matrix, it was

necessary to predict yields at high rates of actual N.

Very few instances of high nitrogen application (40 to B0

pounds actual- N) existed in Lhe raw data. Mean levels
were regressed on nitrogen levels for the various crops

which were grown on three different types of soil.
In the case of wheat grown on fallow of all soil

types, the sample mean yields and fertilizer means from

the three fertilizer classifications of zero N, I-B pounds

N and 9 pounds and. over N were all lumped together. A

regression based on 90 observations of mean yields versus

r0_t'rom
to precede the

now on the word "weighted" will- be understood
means of both yield and nitroqen.
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corresponding fertilizer mean levels provided a prediction

equation for all level-s of nitrogen to be used in the

model" This occurred for all three soil types.

Regiressíon results for wheat, oats and barley alI
gror,rn on stubble were all based on 150 yield-fertil-izer

mean Ievels. The 30 samples from each of the five fert-
ilizer classifj-cations (zero N, 1-10 pounds N, Il--20 pounds

N, 2L-30 pounds N and 31 pounds and over N) pertaining to

each qrain were all used in the regression analysis equation

which was used to predict yields for all N rates of that
crop" Thís \,vas done for a1l three soil types.

Regression results for flax grown on stubbl-e were

based on the 60 yield-fertilizer mean levels determined

from the zero nitrogen and added nitrogen cl-assificatiorr="11

Prediction equations for yield variances versus

nitrogen levels for all- crops were similarly d.etermined

by regression analysis"

Tt was decided that the data would be tested for
linear and quadratic relationships. Criteria formul-ated

before the actual regression results were determined acted

as a yardstick for indicating which equation to use for
various cropping classifications. The criteria were:

11¡'1.* grown on fallow (non-fertilized)
be subjected to regression analysis. yield and
were based on the raw data.

could not
variance
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Within each cropping classification that
there be consistency in selecti-on of a
prediction equation for yield and for
variance" If the linear equation was to
be used in predicting yields at all rates
of nitrogen, then the linear equation also
be used to predict variance at all rates
of nitrogen.

Wit.hin each cropping classification that
the equation whj-ch exhibited regiression
(bì ) values significant at the 5Z level
in*both yield versus nitrogen and variance
versus nitrogen regressions be chosen.

ttlithin each croppíng classificaLion that
the highest multiple p2 equation (yiel_d
versus nitrogen) ¡e chosen, after the
first two criteria had been fulfi1led..

The regression results for both the linear and

quadratic equations are shown in Appendix A" The equations

actuaì-ly used for each cropping activity appear in Tabl_e 4.1"

Using the pre-determined criteria, a linear pre-
diction equation was fitted to fourteen out of the fifteen
crops. only wheat grown on fallow on soil type c (wFc) re-
quired a quadratic equation for best fit"

Based on the prediction equations of yield and

variance, five levels of nitrogen correspondíng to 0, 20,

40 o 60 and 80 pounrls N were used to determine yield and

variance for all cïops except flax on stubbre. variance
predictions \^rere made in the form (Varianc u/n)>' 12 to
facilitate the discounting process " The prediction

1."

2.

3"

=o
Ã

12 (v.ti. nce/n) 4
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TABLE 4.1

PREDICTTOIV EQU'\TIONS AND CORRESPONDTNG YIELDS

YIELD = f (NITROGEN)

Graín

Fallow wht"

Stubble wht"

Stubble oats

Stubble bly"

Stubble flax
Fallow wht.

Stubble wht"

Stubble oats

Stubble bfy"

Stubble fl-ax

Fallow wht.

Stubble wht"

Stubble oats

Stubble bly"

Stubble flax

Soi-1
PvPs

B

B

'Õ
t)

t)

B

c

(\

C

U

(-

E

E

E

E

E

Equation

35 " 15+" 183Ñ

2-/ "85+" 103Ñ

55 "'71+" 435Ñ

36"42+"202Ñ

:11" 94+ " 111Ñ

26 "23+.16JN+
" 00018N'

2I"34+ " 07IN

43 "19+" 316Ñ

28"63+"109Ñ

9 "79+ " 057Ñ

24"33+"229Ñ

1B " 47+" 074Ñ

40 "52+" 383Ñ

2L"7 7+" 185Ñ

7 "66+" 099Ñ

Yie1d at N=80
Form (For Flax N=40)

linear 49 "77

linear 36.08

linear 90 " 49

linear 52"57

linear 16.38

quadratica/ 37.93

linear
linear

l-inear

linear

Iinear

linear

linear

linear

linear

27.04

68.51

37 "34

12"06

42"65

24"36

7I. T6

36. s9

11.63

a/ fhis function is increasing at an increasing rate "However, in tracing the function out, the val-ues
appear to be almost perfectly linear. This resul_t
would not be normally expected although some soil
scientists believe that farmers using high leve1s
of N have better management and therefore, attain
beyond proportionally better yields at those higher
Ieve1s.
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equations selected and the corresponding yields and vari-
ance for the crops subjected to regression anarysis are pre-

sented in detail in Appendix A" rt should be noted that
although five level-s of nitrogen \,vere used for prediction,
in all cases except wheat girown on fallow on soil type C,

which requires a quadratic prediction equation, only the 0

and the B0 pounds levers of nitrogen were tied to the various

cropping activities in the mod.el " Realisticarly a farmer

who planned on the Þasis of a linear production function
would only consider two possible points on that function--
the lowest or the highest attainable" rf it were profit-
able to fertilize, the decision would be made to fertilize
at a maximum, restraints permitting" In the case of the

quadratic production function, all five levels of N were

used as activities. The yield varues used at the B0 pounds

Ñ rate are shown in Table 4"L.

Discounting Yields

Previously the raw data were sampled in a manner

consistent with the central Limit rheorem which resulted
in normal distributions of mean yields for the various

crop-fertilizer classifications" As stated earlier,
normality of yields is required for discounting procedures.

The centrar Limit rheorem was of fundamental importance in
this study as its use guaranteed normal_ity"

The required normal distributions, characterized
by means (¡) and variances tål , \^/ere standardized to ¡:=o
and d=l for purposes of finding area under the normal curve



between any two values of yield

dÍstribution can be obtained by

measuremenL into standard units

64

The area under the normal

converting the units of

using the formula,

,=#
If the origínal population is not normal, hovrever,

the sampling distributíon of the mean can be approximated

closely with a normal distribution, if n is Iarge" In

other words if the number of observations per sample is
Iarge, the sampling distribution of the statistic,

:.>\
U = X and d-_ = 6/,!n = @' / n)',x

can be approximated closely with the standard normal dis-
t.ribution" It is difficult to state precisely how large

n must be. Unless the distribution of the original popu-

lation has a very unusual shape the approximation will be

good even Íf n is relatively small-certainly if n is 30

and quite possibly if n is as small as fi.r".13

On the basis of the sets of normal distributionso
for all grain-fertilizer classifications, prediction

equations \Arere formulated by means of regression techniques "

Predicted yieJ-ds and variances were conseguentty determined

at five levels of nitrogen application. A necessary under-

_ X-Utl--u - 6-x

13Fr".rrrd,
Prentice-Ha11, Inc
edition "

, where X = average of a sample,

John E"; l"lodern Elementary Statistics
., nnglewo
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standing at this point, however, is that the predicted

yield be one and the same as the average yield of aII

normal yield distribution" Theoretically whether the actual

prod.uction functíon ís linear, quadratic or any other form,

it should pass through a distribution of yields at the

average or mean value of the normal distribution correspond-

ing to all levels of nitrogen"

Figure 4"2 shows a three dimensional- graph which

exhibits this understanding"

f^ù

1.ø\q'

Yield
in

Bushels
per

Acre

40

35

30

25

2A

15

10

5

0

10 30

Nitrogen

FTGURE 4"2

A QUADRATIC PRODUCTION FUNCTION
PASSING THROUGH THE MEANS OF THE NORMAL DISTRIBUTIONS

504020
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The discounting process was described in detai-1 in
Chapter 2" Given a normal distribution of grain yields
with average yield fll and a standard deviation (cf¡) , a

new discounted yield (Y) becomes a function of the average

yield tll minus the standard deviation (dy) times the

vafue of a subjective risk aversion factor (Z) " Given,

for example, that at a nitrogen level of 10 pounds actual
N the average yield of a particurar crop is 20 bushels per

acre and knowing that O-, = 5 it is possible to discount
from 20 by any risk factor. As al-t observations of yield
(Y) l-ie somewhere under the normar curve, a farmer who is
faced with this production situation at the planning stages

of his next production period has a 50 per cent chance of
being above or below the .rr.tag. yield of 20. If the

farmer is indifferent to risk, he wilr enter the value of
20 into any planning or forecasting model and budget; if
he is a risk averter he will discount from the varue 20

by an amount that corresponds to a subjective risk factor"
rf the producer wants to be B0 per cent sure of achieving

some yield val-ue or greater, he will discount to a yield
corresponding to 80 per cent of the area of the normal dis-
tribution of yields being to the right" rt is possible by

means of a standard normal- distribution tabre to find a

value of -Z which corresponds to B0 per cent of the dis-
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tribution f-alling to the rigfrt.14 From that tab1e15 -Z=.84.
Entering the values of V = 20¡ O, = 5¡ and -Z = .84 into

=Y*Y 4"r
art

a value cf I = 15"B resul-ts" The farmer using this new dis-
counted yield in his planning model is B0 per cent sure that
at least 15"8 bushels per acre witl result"

Three l-evels of yields corresponding to three l-evels

of subjectir¡e risk v¿ere determined for each grain-fertíIizer
category" All yields listed in Table 4.1 were altered by

a risk factor" The three levels of risk used are shown

in Table 4"2"

TABLE 4.2

RTSK=CERTAINTY LEVELS

Risk Levels Degree of Certainty -Z Value

1

2

3

50%

659."

BO?

0

" 39

"84

14It r.= stated in the beginning chapters that only
indifference and aversion of risk wourd be considered in
this model-; hence, the use of the -z variate which pertains
to the lef t hal-f of the norrnal curve.

I5S.u Appendix E4.
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The model was tested with the three different levels

of yield for all productive activities" The differences

in yield between the three lerrels v,7ere incorporated into

the C., values and formed the basis of any change in netr-l
prices.

SPECIFTCATION OF' },IATRTX COEFFICIENTS

Activities

Chapter 3 developed the productive activities for
use in the model" Wheat on fallow arrd stubble, oats on

stubble, barÌey on stubble, and flax on falIow and stubble

acted as endogenous variables available for sol-ution. The

wheat activities v¡ere further broken down into quota and

non-quota restrictions " The activities \.{ere then made

avail-abIe on three different soil types. Fertilizer leveIs

broke the activities into greater numbers. It was first
anticipated that five levels of nitrogen application con-

sisting of 0, 20, 400 60 and B0 pounds actual N per acre

would be used" However, due to linear production functions,

in most cases the values of 0 and B0 only were considered"

Constraints

The land base on the

The farm made up of the three

consi-sts of approxj-mately:

case farm summed to 2LI0 acres.

soil types discussed earlier

1. 460 acres of B
2" 1500 acres of C
3" 150 acres of E
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Four different sets of ratios of summerfallow for each

soil type were considered" They \,vere:

1. Continuous cropping (O per cent summerfallow)
460 acres of B, 1500 acres of Ct and
l-50 acres of E were available f.or crop.

2" 20 per cenf- summerfallow
368 acres of stubble B; 46 acres of fallow
B¿ 1200 acres of stubble C; 150 acres of
fallow C, J-20 acres of stubbl-e E; 15 acres
of fall-ow E were available for crop.

3. 40 per cen.'L summerfal-low
92 acres of stubble B; 184 acres of fallow
B, 300 acres of stubble Cì 600 acres of
fallow C, 30 acres of stubble C; 60 acres
of fallow E were available for crop.

4. Different ratios fixed in relation to soil type
460 acres of stubble B
900 acres of stubble C; 300 acres of falIow C
50 acres of stubble E; 50 acres of fallow E
were available for crop.

The periods of seeding and harvest were considered

as the high labor requirement times. Total labor available

during these periods was 4853 hours--the sum of all manager

and hired labor. This figure was broken into a spring total
labor value and a fall total labor value of 275I and 2l-02

hours, respectively" The leve1s of these three constraints
remained constant through all parametric changes in the

model "

The manager of the case farm felt that he had a

short term line of credit of $60,000 at his local bank and

another $9,000 with agri-business firms with which he does

business. The value $69r000 then became the model's initial
operating capital maximum level" As this leveI appeared
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exceedirrgly high, .four l-ower leve1s of available operating

capital were also empi-o\zed in the model to determine the

effects of a capital restriction on net profit and cropping

pJ-ans " The other' "Levels included capital values of :

.l " $35, 000
2" $30,000
3. $25, 000
4" $20,000

The value of the rvheat quota constraint available

to thÍs farm was determined by the following rough estimation

t.echnique. At the ti:ne Lhis model was f ormulated a f igure

of 500 million bushels of wheat could be realistically

expected. to be used domestically and for 
"*pott;16 

al-so,

there are approximately 55 million acres of land available

for cropping in Western Canada.17 Given these two facts,

the wheat quota that could pertain to the case farmrs 2110

acres is found by solving:

2,II0 case farm acres = X case farm bushels
655,000,000 total acres

16_*"According to the Report of the Federal Task Force
on Agriculture, "Canadian Agriculture in the Seventies" Dec.
1969, pp. 86-95, by year 1980, 20 million acres of wheat
averaging between 25-32 bushels per acre will be required of
Canadian wheat growers" In L967-68 demand amounted to a total
of 5l-B mil-lion bus. Weighing these considerations and the un-
certainty of purchases by the Soviet Union and China in L969-'10, the author proposes to use 600 million bushels as a base
for the model"

I7'''pp" 110 Ibid" There are 85 miÌlion acres of improved
land in Western Canada" 11 million acres of this number are
forage. An average 26 per cent of the remaining 74 million
acres has been historically summerfallowed. This leaves
approximately 55 million acres for crop production"
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where X = 23,018 bushels" Based on this estimate two

values of wheat quota corresponding to 25r000 and 20,000

bushels were used throughout the model trials.
The final constraints, those of the safety stops,

\A¡ere arbitrarily set at values of L200 total acres for both

wheat and barley, and 600 total acres for both oats and

frax. The case farm manager reported that he would consider
seeding these crops past these levels as a matter of poor

rotation" These stops prevent sorutions as regards acreages

from surpassing the limits set"

Matrix Coefficients

Labor hour coefficients required a detailed analysis.
Knowing case farm factors such as tillage practises, size of
machinery, hauling distances, degree of clay or sand in soi1,
typicar fiel-d size, and degree of stoniness, it was possible
by means of a mathematicar progr-*l8 

"o 
calculate the number

of hours required to perform one acres work of any activity.
For all cropping activities it was found that a labor re-
quirement of approximatery 1.0 hours per acre was needed

to complete all the operations necessary to seed, spray,

harvest, and prepare the same acre for next years crop

regardless of type of grain grown" This total was divided

l8¡lod"I developed and used by W.J. Craddock in
"rnterregional competition in canadian cereal production"
prepared for Economics council of canada, special study
No. L2- This part of that model- was used to determine
l-abor and operating costs coefficients "
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into values of approximately 0.3 and 0.7 for spring and

f-aIL respectively" For the cultivation practises necessary

to summerfallow properly, approximately 0.6 hours of labor

were required per acre" This was allocated to spring 1abor.

Ðetermining operating capital coefficients proved to

be rigorous. It was decided that all variable or direct

costs and all fixed costs would be allocated on a per acre

basis" This would help determine how much capital would be

reguired. in total to have an acre of any activity come into

solution" The calculation of the operating capital co-

effícients for wheat fertilized at B0 pounds N grown on

fallow on soil type C will be used as an example" First,

however, the main presentation of Lhe costs that make up

'the capital reguirement coefficients are presented.

Variable Costs" The case farm does not, as Yet,

soil test to determine the level of nutrients in the soil "

Seed costs were determined in the following manner. Using:

a seeding rate of: wheat - I\ bushels per acre,
oats 2 bushels per acre,
barley 1à bushels per acre,and
flax 40 pounds per acre,

certified seed one out of three years at prices of:
wheat $1.60 per bushel,
oats $1.00 per bushel,
barley $1.30 per bushel, and
flax $4.00 per bushel,

his own seed the other two out of three years at a
cost of:

wheat $1.40 per bushel,
oats $ " Z0 per bushel,
barley $ .90 per bushelrand
fl-ax $3.00 per bushel,

1"

.¿

a



the seed replacement cos t per year

woul-d be: for wheat
oats
barley
flax

Seed cleaning at a custom

local area cosLs: túheat

oats

barley -

flax

73"

pertaining to this farm

$1.83 per acre,
$1.60 per acre,
$f.55 per acre, and
$2.36 per acre.

cleaning plant in the

lk bushels at 6ë =
$ " OA per acre,

2 bushels at 5ë =
$ " fO per acre,

1à bushels at 6ê =
$ .09 per acre, and

40/56 bushels at 25ë =
$ " fg per acre.

per acre

per acre

general

farm ín

of this

per acre

added a cost of: wheat 60+ per acre,
oats 60ê per acre,
barley 60Ç per acre, and
flax 48ê per acre to the total"

Fertilizer created the largest increase to cost for
those activities using it.. The case farm manager suggested

that a fertilizer brand analysis of 11-55-0 was appried to
a maximum of 60 pounds gross with the seed and then 28-0-0

was broadcasted over the land surface to bring the nitrogen
l-evel to the specified target. Given budgeting prices of

Seed treatment costs were computed at a value of 5+

for wheato oats, and barley basis panogen and 3+

for flax basis Panogen at the recommended rate"
Herbicide spraying consisted of the use of the

broad leaf killing M"C.P.A" Sodium SaIt. The case

normal conditions reported using levels of I0 ounces

per acre for wheat, barley, and oats; and, B ounces

for flax. At a cost of 6+ per ounce of acid this
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11-50-0 at $90 per ton and 28-0-0 at ÇqZ per ton, bulk

basis n the cost of fertilizer amounted to the totals shown

in Table 4.3 for the respectíve nitrogen levels regardless

of the grain tYPe"

TABLE 4"3

FERTIL]ZER COSTS AT VARIOUS NITROGEN LEVELS

Nitrogen Pounds Pounds of Cost Per Total Cost
l,evel Formulation Req'd N Added Ton Per N Level

20 lbs.u 11-55-0 60 6"6 $90 ç2"70
2B-O-0 49 t3 " 4 42 1" 03zõ':õ T73

40 lbs.N 11-ss-0 60 6" 6 $90 $2'70
2B-O-0 120 33 " 4 42 2 -52

z¡ "¡- r22
60 lbs.N 11-5s-0 60 6 "6 $gO ç2"70

2B-O-0 191 53.4 42 4.01
6õ "T- 6:AT

B0 lbs "N 11-55-0 60 6 " 6 $gO $2.70
2B-0- O 262 73.4 42 ? - ?9Eõ;T. 8"20

The farm purchased $139 worth of building repairs

and supplies in the year before" Dividing this figure by

2110 acres results in a buitding improvement and repair

charge of $0"67 per acre"

The machinery and equÍpment expense included all

farm fuel, grease, repairs, and ficenses. This value was

determined by means of the mathematical program referred to



75.

ín footnote 18 and appeared at the following levels for
each activity regardless of leve1 of fertilizer:

1" Wheat on fallow $2"22 per acre,
2" Wheat on stubble $2.L9 per acre,
3" Oats on stubble $2.26 per acre,
4" Barley on stubble- $2.21 per acre, and
5" FIax on stubble 92.16 per acre.

The final variable cost arose from custom bulk
fert.ilizer spreading of 28-0-0 at a cost of $"OS per r.t".19

,gl¡Cg_ggglg" The other component of the operating

capital coefficient was that of fixed costs. This incruded

taxes. depreciation, and miscellaneous fixed costs. rt did
not include any opportunity costs of investment or labor,

Building and machinery depreciated a book value of
(1? 11^ rr-^.?ri ã i / u ríÌe )--ear previous " This figure was not expected

t.o change significantly for the next five years. A depre-

ciation cost per acre, therefore, of 913,170/2II0 acres

or $ø.25 resulted and was used for alt activities.
The tax cost per acre varied depending on the soil

Lype" As the assessments per soil type \.vere different, tax
lerzies varied as f ollows:

1. Soil B $2.20 per acre,
2" Soil C 52.00 per acre, and
3" Soil- E $1.65 per acre.

The miscellaneous fixed costs included hydro and

telephone (business portion) of $726, miscellaneous over-
head expense of $1152 and building and equípment insurance

19a" the case farm does not crop insure¡ flo cost
was allocated to its use.
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of

in

$ 358. The

a per acre

total miscellaneous

charge of $1 " 05.

cost of $2236 resulted

Quota Wheat on Fallow, B0 pounds N IWFC^) . Adding al} vari-

able costs and fixed costs results in a value of ç22-97

which became the operating capital coefficients for activit¡z

ffiC¿. All costs are reviewed in Table 4"4"

TABLE 4.4

SUMT4ARY OF ALL COSTS ASSOCIATED WITH WFC4

Operatinq CapÍtal Coefficient for Activit

Variable Factors

Soil Test
Seed Replacement
Seed Cleaning
Seed Treatment
Chemicals
Fertilizer
Crop Insurance
Bldg. Improvement & Repair
Machinery & EquiPment ExPense
Custom Work

TOTAL

Fixed Factors

Depreciation
Taxes
Miscellaneous

TOTAL

Cost per Acre

$1.83
" 0B
.05
.60

B "20

"07
2 "r9

" 65

Cost per Acre

$6"25
2.00
1. 05

$13. 67

$22.97

$ 9. 30

Capital Coefficient
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Determination of Net Prices

The planning model was made complete with the deter-

mination of Cr. values" As discussed before, this was per-

formed by a simple multiplication of predicted product

price and discounted yield followed by a subtraction from

that product of the operating capital value.

Product príces lrere subject to future expectations

for the next five years by the manager of the case farm.

He felt that prices in the future would 1evel off at the

values listed below:

1" Quota wheat initial price plus adjustment for final
payment would bring a net price of approximatçly
$1"50 per bushel basis dry #3 C.w.R.S" Wheat,zu

2" Non-quota wheat could command a price of $1.25 per
bushel basis dry #3 C.W"R.S. sold privately and in
the spring season.

3. Non-quota oats could sell for $.00 per bushel given
that they were at least 40 pounds per bushel in
weight, sold toward spring" This figure would com-
pare quite favourably to a net payment per bushel
through Wheat Board channels.

4" Non-quota barley case farm can seII all barley to a
private feedl-ot. This feedlot was wílling to pur-
chase barley at S"BB per bushel.

5. Flax the 1969 averase price for all Manitoba was
$2.60 per bushel"2f it rtr expected that this price
would not hold. However, a value of ç2.50 per
bushel- was used in the planning model"

This completed the preparation for the planning

model. This was then presented to the computer for calculation

2Oca.,adian Western Red Spring.
2lManitoba Crop Production Yearbooko Lg69.
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and sol-ut-:on" Levels of the exogenous variabres were var_.,ie<j

systemai:i<;ally in conjunction with alternative 1evel_s of

ne't pr5 ces corresponcling to dif ferent values of risk to

determ-ine ef f ects on net f arm income and cropping plans.

A*.ondíx B shows solutions of expected incomes t (x. )v^È/uv uçu ¿¡¡uvtlr( 
)

and correspondinq unit acre levers (xj ) " These solutions
meet the specificatiorr.s called for by equations 2.1, 2.2 ancl

2"3, and:form the basis for the answers determined by equa.tion

2"4 present.ed in th.e next section.

Table 4"5 illustrates a systems flow chart that was

followed in analyzing the data yietd input" rt is broken

into five main phases " The first phase begins with the

raw data which is analyzed 'through four parts to a poÍnt
where calculated weighted means for yield and for fertirizer
use and carcurated weighted variance of yield exist for all
samples. Phase 2 follows these weighted numbers through

regression techniques, choosing of the appropriate prediction
equation, and predicting of yield and variance at different
l-evels of nitrogen" Phase 3 discounts from the newly pre-
dicted yields by three different risk associated values.

The fourth phase serects al-l those activities having been

discounted by the same risk value and prepares them for pre*

sentation into the planning model" The final phase calls
for accumuration of all data yields that have been dis-
counted as well as all resource and technical data.



P
ar

t 
1

-g
ro

up
 r

aw
 y

le
ld

 d
at

a
by

 y
ea

r 
an

tl 
ni

tr
og

en

A
 L

IE
II(

c)
 (

E
)o

1,
¡r

B
 (

c)
 (

E
).

 ^
l-ö

r'r
F

B
 (

c)
 (

E
) 

^ 
.

rr
+

h 
I,J

su
(c

) 
(E

)0

rr
sB

 (
c)

 (
u)

 r_
ro

tr
sB

 (
c)

 (
u)

 rr
_z

o
r,

rs
B

 (
c)

 (
o)

 zr
_¡

o
r,

rs
l](

c)
 (

B
).

.,*

P
ar

t 
2

-d
ra

r¿
 3

0 
sa

ññ
T

F
of

 5
 y

te
lc

ls
an

d 
nl

-t
ro

ge
n 

fo
r 

ea
ch

 g
ro

up

s 
os

B
(c

) 
(E

).

os
D

(c
) 
(r

)r
_r

o
os

B
(c

) 
(o

)r
r_

ro

S
r 

S
¿

 
5.

o-
Y

rr
 tn

u 
Y

zr
 r

{z
r.

..t
s;

;E
c.

l-
Y

tz
 N

tz
 \z

z 
N

zz
"'Y

¡o
.z

 ¡
r:

o.
z

os
B

(c
) 

(E
) 

zr
_¡

o

T
A

B
LI

T
 4

. 
5

O
P

E
R

A
T

T
O

N
S

 
F

!,O
W

 C
H

Ã
R

T

Y
15

 lr
15

 Y
zs

 ì
lz

s"
'Y

:o
.s

 N
go

.s

as
 a

bo
ve

 fo
r 

ifF
B

(C
) 

(E
)f

_e

os
B

(c
) 

(u
)r

r*
{ 

rs
B

(c
) 

(E
)0

rs
B

(c
) 

(o
)r

_r
o

rs
B

(c
) 

(E
)r

r_
zo

rs
B

(c
) 

(o
)z

r_
:o

as
 a

bo
ve

 f
or

 I
.IF

B
(C

)(
E

)9
+

Þ
 

si
m

ila
rly

 
fo

r 
th

e
v¡

ho
le

 g
ro

up
 o

f
I,I

S
B

(c
) 

(B
)r

*T
1o

l2
:lt

-
e 

X
S

B
(C

) 
(D

)0

xs
ir(

c)
 (

E
)1

+

g*
'C

tG
[-

,t

P
ar

t 
3

-t
al

ce
 e

ac
lif

fiñ
-ie

 S
" 

an
d

m
ul

típ
ly

 b
y 

vr
ei

gt
rt

eå
va

lu
es

 W

c

.-
i'-

E
Ilt

Y
tt 

I{
tN

tt'
''l

tl"
¡0

. 
t 

w
tN

so
. 
t

w
2Y

u 
l{2

N
lz

'''I
{z

Y
:0

. 
z 

I{
zN

3o
. 

z

w
sY

ts
 lf

sN
ts

'''w
sY

:0
. 

s 
I{

sN
¡0

.5

as
 a

bo
ve

 f
or

 I
üF

B
(C

)(
U

)f
-S

d

Y
ie

ld
 d

at
a 

Ln
pu

È
 f-

nt
o 

pl
an

nl
ng

 m
od

el
 ls

 p
re

pa
re

d 
fn

 p
ha

se
s 

1r
2,

&
3.

e f

as
 a

bo
ve

 f
or

 l
{F

B
(C

) 
(E

)n
*

P
ar

t 
4

-f
or

 e
ac

h 
S

l-T
In

ã 
rv

el
gh

È
ed

m
ea

n 
va

lu
e 

ifi
l 

an
d 

w
el

gh
te

cl
nl

tr
og

en
 m

ea
n 

l,l
l'l

i. 
A

ls
o

fo
r 

ea
cl

i 
S

, 
fln

d 
va

ria
nc

e
of

 il
rY

*,
 u

å1
ne

d2
r,

rr
vr

, 
=

 á
<

w
rv

rr
 - 

ìF
rl2

n-
1

c 4. e

a3
0 30 30 as as

f

ca
lc

ul
at

ed
 Q

's
ca

1c
u1

-a
te

d 
IF

r 
t 
s

ca
lc

ul
at

ed
 "ú

ir,
 

,"

ab
ov

e 
fo

r 
I.I

F
B

(C
) 
(t

)f
_U

ab
ov

e 
fo

r 
ç1

t3
(C

) 
(E

)9
ç

b c 4 e f 
ffn

d 
gr

an
d 

m
ea

n 
of

 s
am

pl
e

ne
an

s;
 a

ls
o 

va
rla

nc
e 

-
ca

rr
y 

to
 p

ha
se

 3
.

\¡ \o



-R
un

 r
eg

r-
ffi

Ïõ
is

 u
sl

ng
 a

ll 
th

e

w
el

gh
te

d 
va

lu
es

 o
f 

l'l
F

B
(C

) 
(E

)r
.

F
fr

st
 r

e¡
¡r

es
s 

lln
ea

rlY
 a

nd
 q

ua
d-

ra
E

ic
al

y 
iE

, 
vs

 iÑ
'r;

 th
en

 s
im

lla
rlY

¿
2

"W
.Y

. 
. 

vs
 

I'l
ì.1

 . 
an

d
J1

l 
r-

lr,
, 

u
"J

 'r
J 

vs
 ir

N
. L

¡|
 n a 
en

te
r 

90
 p

ai
rs

 o
f 

va
lu

es
ln

E
o 

ea
ch

 r
eg

re
ss

io
n

te
sE

.

b 
en

te
r 

'1
50

 p
al

rs
 o

f
va

lu
es

.

P
ha

se
 2

-o
n 

th
e 

u.
"iF

Lo
H

ec
ls

lo
n 

cr
lÈ

er
fa

dl
sc

us
se

d 
be

fo
re

 c
ho

os
e 

ap
pl

lc
ab

le

yl
el

d 
an

d 
va

ria
nc

e 
eq

ua
tio

ns
.

a 
1Í

ne
ar

 f
or

 I
'IF

I3

lln
ea

r 
fo

r 
I'I

F
E

qu
ad

ra
tic

 f
or

 I
^I

F
C

T
A

B
LE

 4
.5

 (
co

nt
in

ue
d)

c d e 
en

te
r 

60
 p

al
rs

 o
f

va
lu

es
.

Þ
_

f

11
ne

ar
l1

ne
ar

lln
ea

r

c

ca
rr

y 
to

 P
ha

se
 3

fo
r

fo
r

fo
r

l-i
ne

ar
 fo

r 
O

S
ts

lfn
ea

r 
fo

r 
O

S
C

lÍn
ea

r 
fo

r 
O

S
E

.IJ
S

B

lts
c

'v
¡S

E

P
ar

t 
3

-t
or

 
ch

os
en

 e
qu

aE
]-

on
s

of
 y

le
ld

 a
nd

 v
ar

la
nc

e

to
:

d
lln

ea
r 

fo
r

l-l
ne

ar
 f

or
ll-

ne
ar

 f
or

a

e

0 
1b

s¡
 d

ct
ua

l
20

'lb
s.

 a
ct

ua
l

40
 lb

s.
 a

cË
ua

L
60

 lb
s.

 a
ct

ua
l

80
 lb

s.
 a

ct
ua

l

Ll
ne

ar
 f

or
 )

68
11

ne
ar

 fo
r 

X
S

C
lfn

ea
r 

fo
r 

X
S

B

]:S
B

'IS
C

T
S

E

fln
d 

le
ve

1s

co
rr

es
pò

nd
in

g

b

f

N
.

N
.

N
.

N
.

N
.

ca
rr

y 
to

 P
ha

se
 3

c d e^
U 20 4o

lb
s.

. 
ac

tu
aL

lb
s.

 a
ct

ua
l

lb
s.

 
ac

tu
al

f

t{
.

N
.

N
.

ca
rr

y 
to

 P
ha

se
 3

æ O



-f
or

 
na

ch
 c

or
re

sp
on

cl
ln

g 
pr

ed
ic

te
d

pa
lr 

of
 y

fe
ld

 G
) 

an
d 

va
rla

nc
e

(o
'/[

Ð
 

en
te

r 
in

to
-2

. 
=

7 
-i

1_
d/

[î

so
lv

e 
fo

r 
ne

vr
 d

ls
co

un
te

d 
yl

e1
d

gl
ve

n 
th

re
e 

va
lu

es
 o

f 
21

.

a

an
d

zr
 =

 'o
o'

' 5
0%

22
=

 .
39

+
 6

5"
Á

23
 =

 .8
4-

' 8
07

"

Þ
.

-S
el

ec
t 

al
l 

th
e 

ne
r.

¡ 
di

sc
ou

nt
ed

 y
fè

ld
s

(1
's

) 
th

at
 c

or
re

sp
on

d 
È

o 
È

he
 t

hr
ee

1e
ve

1s
 o

f 
ris

k 
av

er
si

on
. 

T
he

re
fo

re
fr

on
 a

rÞ
rc

rd
,e

 &
 f

 , 
se

le
ct

 a
lL

 È
he

yi
el

ds
 (

Y
) 

di
sc

ou
nt

ec
l b

y 
th

e 
sa

m
e 

va
lu

e
of

 Z
. 

T
he

 th
re

e 
se

ts
 o

f 
yl

el
d

và
lu

es
 a

re
 n

or
r 

re
ad

y 
to

 b
e 

en
te

re
d

fn
to

 t
he

 o
la

nn
ln

¡¡
 m

o<
le

1.

c

T
A

D
LI

 4
"5

 (
co

nc
lu

de
d)

d e

i 
-c

o1
le

ct
co

un
te

d
d,

 e
 &

to
 2

1.

f

al
l 

th
e 

ne
w

 d
ls

-
yl

el
ds

 f
ro

m
 a

,b
rc

,
f 

co
rr

es
po

nd
ln

g

ff
-a

s 
ab

ov
e 

co
rr

es
po

nd
Ln

g
to

 Z
Z

.

ttl
-a

s
.7

"3
'

-a
cc

um
ul

at
lo

n 
of

 d
at

a 
ln

pu
t 

fo
r

pl
-a

nn
ln

g 
m

od
el

.

al
¡o

ve
 c

or
re

sp
on

di
ng

 t
o

P
la

nn
Ln

g 
}f

od
el

1.
 V

ar
ia

tlo
n 

of
 e

xo
ge

no
us

va
ria

L:
1e

s 
f.o

r 
Z

17
 d

is
co

un
t,e

d
yl

el
-d

s.

2.
 a

s 
ab

ov
e 

fo
r 

Z
,

di
sc

ou
nt

ed
 y

ie
l<

Is

3.
 a

s 
ab

ov
e 

fo
r 

Z
,

di
sc

ou
nt

ed
 y

le
ld

s.

ø ¡J É 0) 'rl o '¡l (H r+
¡ (, o o r-
l

(Y U ìl o (, ¡J

-r
n U 'rl rt l¡ ! v) çi o o þ o (l r-
{

l1
)

{J É 'r{ F
l

L¡ ! tL o (ü
F

{

o ¡J É d tr {J l1
)

È o o F
{ (ú ¡J "l tr (í o

v) c) o }J Ê o lr ¡J

oc F



82"

PROCEDURES USED TO DETERMINE CHANCES

OF EXPECTED INCOME EXCEEDING A SPECIFTED

LEVEL OF INCOME

As previously described in detail in Chapter 3, the

second part of the model specified as equation 2.4 determines

the chances of expected income derived from any set of future
plans (for which the variance is known) exceeding a specified

l-evel of income" Expected income E(tj) in the case was det-

ermined by multiplying expected net prices õ.. (used for ther-l
50 per cent certainty leve1) by the unit acre level-s of

activitíes contained in the solution vector X, (of all

certainty levels), which was brought forward from the jth

plan generated by maximizíng equation 2.I" Consequently

the net incomes (tj) associated with the 50 per'cent certainty
level were not modified before they were entered into
equation 2.4¡ however, the net incomes associated with the

65 per cent and B0 per cent certainty level-s were modified"

The unit level solutions determined in the models correspond-

ing t.o the l-atter certainty l-evels were kept as the risk
solution component of equation 2.L, but were then multiplied
by averag'e net prices (õ.-.) instead of (C Z"ú) . This- r-J _)

operatíon was performed following the reasoning that a

farm manager who is a risk averter will determine his acreage

of various crops to be grown using a discounting process,

but once he has determined a set of plans corresponding

to his o\¡/n risk attitude, he will use average net prices

for purposes of budgeting or for making trade-offs with a



B3 "

surviv:f,1 level äf i.¡rconre., The new values of E(t-) for the
)

65 per cen't ¿i:riL i3() l'rej: cer¡L cert.aiilty Ievels are presented

in Ap.pt:trr1ir, t:,

if'irr: :jÊÊ{r.ì-,i-i.ed- ,i-ncorne {t.) was the minimum yearly net

revenue nece-aÍ:¿:iïy i:.c;, i-3ïr.surÊ 
"t"arl*rt-l of the case farm" This

was deLermjrredl ::'1; (jo-rl.si-o-ering i-he factors indicated in TabIe

4"6"

TABLE 4 "6

J)Nif.E];ìJ'li t\.Ir'IÏO]S OF SPECÏFÏED TNCOME

fncome and Cost Factors

Household and Personal Expenses

Interest on !'arwr Debt
Principle Repayment (Land Debt)

TOTAL

Non-farm Labor lrrcome

Amount

$12,000
5,500
9,250

26,750
I,750

TOTAL $25,000

A figure of $251000 r,vas used in the second part of

model as specified in equation 2"4"

Corresponding to the solutions of equations 2.I, 2.2

and 2.3 is the set of íncome standard deviations for the jth

p1an, shown in Appendix D" The variance of income associated

with the plan Lo be tested was determined by multiplying the

associated yield varj-ances of a solution activity by the weights

(acreages in the plan) of those activities squared, anc1 by the

the square of the product prices, that is:
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l
Taking the square root

ard deviation.

84"

of this value gave the desired stand-

22. p.
f 'J

For instance, o,ai, for the cropping plan derived

using exogienous variables óf $25,000 capital, 40 per cent sum-

merfallow ratio, 20r000 bushels wheat qr.lota at the B0 per cent

certainty level was $l-0,279. This was attained by multiplying

the variance of the individual crops (Appendix A, Table A2)

both by the unit leveIs squared of the same crops solved for in

equation 2"I (given in Appendix B) and. the product prices

squared (page 77) ¡ and, then, taking the square root of the

summed products. Therefore, for the plan indicated. above, the

variance equalled:
2' (Vrti..r"" of WFBO or I72) " ($ 1. 50 ) 

2

' Qo7)"($1.50)'+
,.(rns).($r.so)2 +

(145) " ($r .2s)2 +
" (ee) . ($ .60)2 +

" (145) " ($1.50)2 = 105,654,37I

(105, 654,371)' = çI0,27g.

(184 acres of QWFBO)

(92 acres of QWSBO)'

(508 acres of QwFCn)

(g2 acres of WFCO)1"

(193 acres of OSCO)'

(60 acres of QWFEO) 
z

while Õ

Mod.e1 2

between expected

of the generated

specified leve1.

ard deviation of

level of income

of income from a

(tj ) equalred

.4 was then operational for making tradeoffs

income and risk by specifying probabilities

income, from any set of plans, exceeding the

Given expected income E(tj), knowing the stand-

the cropping solution o,aj, and a survival

È̂s , it was possibl-e to determine the probabitity

farm plan exceeding the survival level of
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income. This value had to be negative

plan was to be feasible"

Appendix Table E denotes the

solved for by means of,

s25, 000

bushel

if the corresponding

probabilities (V, )

Yi = (x: v x.)' I )'
In the case mentioned above of B0 per

capital , 40 per cent summerfall-ow ratio
quota, the value of yj \^/as found to be,

$25,000 $18,753

2"4

cent certainty

, and 20r000

Yj= +.6077.
çr0,279

This value corresponds to a probability of 27 per cent as

determined from Appendix Table 84. This value indicates that
t.he plan determined by discounting and then subjected to aver-

age net prices has at least a 27 per cent chance of surpassing

the survival income of $25,000. All other probabilities as

shown in Appendix Tables El, E2 and E3 were similarly cal-
culated "

t_ E (t,
S l



Chapter 5

7I.}IALYSIS OF OPTIMAL CROP PLANS
AND USE OF FERTILTZER

it'he i,:::evious cha¡:ters have developed a theoretical
moder bu.ílt- to specif:'-cations presented by the anatytical
framework anrl made cperational by the develpment of em-

pirical lr-r:oceclu:r:'es r'o:r p:r:ocessing data input. In this
chapter, empiri-caI result.s generated by similation of the

model are presented as tests for the hypotheses stated in
Chapter t.

HYPOTHESIS NO

This study was quíded by

hypothesis read:

two hypotheses. The first

It is hypothesized that as risk aversion increases,
the amount of fertilizer used decreases, and the
differences between the target fertilizer recommenda-
tions and actual amounts used increases. It follows
that these differences will be larger for crops grown
under high variability and, correspondingly, that
land associated with high yield variability might re-
ceive zero amounts of fertilizer. Further, under
high risk aversion, land associated with hígh yield
vari-abitity may not be competitive and, corresþond-
ingly, ilây not enter optimal solutions. Furthãr, it
is anticipated that summerfallow replaces fertilizer
as a means of supplying plant nutrients when (a) the
difference between the target fertilizer recommenda-
tion and actual amount useá increases, (b) the level
of capital declines, and (c) the more severely crop
production is limited by quotas "
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!-"its of ¡noaet Si*"lation

cropping. Plans and use of N. The first part of the
hypothesis is accepted, The results generated indicated
that as risk aversion increased, the amount of N used de*

creased. Tables 5"la and 5"lb show that as risk aversion
increased from 50 per cent to 65 per cent then B0 per cent

certainty, total N for each cropping plan was less. At

the B0 per cent certainty level, the cropping plans called
for no grains to be grown using N.

TABLE 5.la

TOTAL ADDED N FOR CROPPING PLANS CORRESPONSING
TO ALTERNATIVE RTSK SUMMERFALLOW LEVELSA,/

Summerfallow Levefs

-1,'rxed

Soil
As 1o

Certaint 202 40e" b/

50?

652

B0u

a/ tor $69,000 availabte
available quota.

b/ As earlier presented,
and 33.33 of Soil E"

76,000
68,800

25,000 bushels

B, 252 of Soil- C

(in
48,800
48,000

actual
BL,7 60

55,680

pounds )

101,
,:,

280

560

capital and

0Z of Soil-
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TOTAL
TO

TABLE 5.1b

ADDED N FOR CROPPING PLANS CORRESPONDING
ALTERNATIVE R]SK SUMMERFALLOW LEVELSA,/

Summerfall-ow Levels

Fixed As

202 40% Soil- T

To
b/Certaint

50%

652

B0%

48,000
B,2BB

(in actual
39,040
18,520

pounds )

29,280
27 ,Bg6

44,
T6,

800

952

a/ For $30,000 available capital and 20,000 bushels
available quota.

b/ 0U for Soil B, 252 for Soil C and 33.33 for Soil E.

In reviewing the cropping pJ-ans presented in detail
in the appendix, it was evident that under the assumptions

of the model" wheat and oats were grown on the largest acre-

age" Regardless of degree of certainty, level of summerfall-ow,

or capital restriction wheat was never grown on fewer than

73O acres and most often was grown within the 950-11-50 acre

range. Oats came into solution nearly every cropping plan

and was grown most often in the 200-400 acre range"

In a few cropping plans barley came into the solution

when the capital level was non restricting and continuous

cropping was in force. FIax was g-rown in a few isolated

instances when certainty was increased to B0 per cent and

continuous cropping again was in force.

On further examination of the results, it was obvious
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that a crop was growl-r ei.'cher at the híghest level of nitrogen

fertili zati<>rt iSû llouno.s ¡ü) or at the zero level. As pre-

viousiy di.sc'L-L::sec1 i-r:i íiiiapt-er 4 the nature of the generated

product--ioir :iuncticns weïr: such that activities corresponding

to leve-l s ,¡;f 1:e¡:i-ilizaL:on in between these values were not

in use" '.fhe l-rrlear: fu.r-rc;tions in part explain the decrease

in fer:til.iz¿rtion fL:cn¡ the 65 per cent to B0 per cent certainty

l-evels as pi'esented in Tables 5.la and 5.lb.

The nc.lrs jmilaryield variations associated with the

diffe::ent grains exptain for the most part the diversity of

the cropping plans and fertiLízer use. As is evident by the

regression results for variance predictionl, variation as

rel-ated 'cc yieid changed drastically from grai-n to grain

grown on the same and on different soil types.2 Although

crop variatÍon was not taken into account at .the 50 per cent

certainty level (aj values were not discounted), variation

became a factor in the next two Ievels. Consequently wheat

grown on fal-Iow and on stubble, which was profitable to grow

at the 50 per cent level of certainty, continued to be grown

at the 65 and B0 per cent levels ("j values were discounted- b1z

factors relating yield variance and risk). This trend continued

as the net price of wheat was discounted less, relative to

barley and flax"

Similarly

out by being grown

this explains why wheat and oats started

most of the available acres and con-

AS

on

1-Shown in Appendix Table 42"
2_"For example, WFB^, WFB¡r OSR/ and OSE, have
per acre of I72o'2760,"7052 änd 8692 Ëushels
tively.

variances
respec-
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tinued throughout the other certainty Ieve1s, the reason for
the change in the levels of fertilization accompanying the

cropping plans is closely related. At the first level the

activities corresponding to the highest 1evel of N yielded

the highest net p::ice and consequently formed the basis of
solutíon except in those which \,vere restricted by capital "

However, due to the presence of linear production and vari-
ance functions the standard deviation associated with a

higher net price resulting from increased fertiLízer use was

relatívely higher than the standard deviation associated

wíth a low net price (an activity not fertilized). There-

fore, ât the B0 per cent certainty level all activities based

on a rate of B0 pounds N either had net prices lower than

the same activity at zero pound.s N, or had negative net

prices in which case they were unavailable for solution"
This explains why no fertil-izer was used at all for any of
the cropping plans at the B0 per cent certainty leveI"

I-imitations imposed by the yield data source account-

ed for most of the problems involving nitrogen application"

The actual data revealed few instances of high fertil-ízer
1

usage"' Consequently, in many of the grains selected for

use in the model, the prediction equation in use was great-

ly affected by yield figures corresponding to high rates of

N application which would not be assumed to be in themselves

')
'This might be explained by the fact that individuals
who fertiLíze their crops at high rates of N may not
crop insure because they feel- that there is no chance
of yield falling below the insurable leve1.
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realistic. lt-:his had à. tremendous ef f ect on locating the
parameters of Lhe expected quadratic production function.
The paramet¡:rs of- Lhe quadratic equation courd not be est-
imated wiLhoirr- -Large errors (Appendix Table A1) . This meant

sel-ectinq ii¡ri:rr fun-ct-ions, with their inherent limitations
and rack of ùorrespond.ence to real-ity, in accordance with
criterÍa previously p::esented on page 6I.

undo'brtedry in years to come, crop insurance yierd.

figures as ä. sírurce of data will become more extensive and

will- allow ä more realÍstic analysis of yield responses to
ferti-lizers on different soils. Response equations in the
form of quadratic o or cobb-Douglas ¡ or any curve l_inear type
over the rel-evant yield-nitrogen revers are essential for
jmproving the analysis of the effects of risk aversion on

fertilizer use., unquestionably an interd.isciplinary approach,

in parti-curar between soil scientists and agricultural econ-

omists, concerning accurate, rearistic yield response func-
tions woul-d serve an analysis such as t.his with very meaning-

ful results "

rt is noticeable, referring back to Tables 5.ra and

5"]b that no consistent increase or decrease of nitrogen use

occurs horizontally across the TabIes. Reviewing in detail_
the physical cropping plans as presented in detai-l in
Appendix B, it is apparent that theprans corresponding to
Tabl-e 5"1-a, where capitar is non restricting, were affected
by the wheat activities grovrn on soil type c. The net prices
or revenue per acre of the various wheat quota activities on



92"

Soil C are presented in Tab1e 5"2.

TABLE 5"2

NET REVENUES PER ÀCRE FOR QUOTA I^JHEAT ON SOIL C,
NON-RESTRTCTING CAPITAL, 20% SUMMERTALLOW,

25,000 BUSHELS AVÀÌLABLE QUOTA AND 652 CERTATNTY

Activity Net Revenues in Dol_lars
Q!{FCo

Q!{FCt

Qr{FCz

QWFC¡

QWFC¿

QWSC0

QWSC4

22.43

21. 01

22"33

23"s2

24 "56

15. 64

9.68

Graphing these figures as shown in Figure 5.r indicates
that net revenue associated with the summerfallow activj-ty
QVüFC¿ (point a) r{as considerably higher than that of the

stubble activity Qwsco (noint a) " However, by the values

used in Lhis plan, activity QWSC' ir turn has a higher net
revenue than the same activity fertilized, ewsc4 (point c).
consequently in comparing this plan to one in which there was

40 per cent summerfal-low it becomes obvj-ous that arong with
increased summerfallow follows increased fretilization. This

occurance rejects a part of the first hypothesis. when

summerfallow is reduced and stubble land increased, the



stubbie activi t1z

neL revenue tha¡l

Net
Ret¡enue

Per
Acre

----.--__* c------
QI^ISC

60 B0

Pound of N

FIGURE 5"1

NET REVENUES PER ACRE FOR VARYTNG N]TROGEN LEVELS^
AND AITERNATIVE SUMMERFAILOW AND STUBBLE SITUATTONSA

For $69,000 available capital, 25,000 bushel-s available
quota and 65U CertaintY.

This ironical trend of increased fertil-izer use

associated with increased summerfall-ow became less frequent

as capital became more restrictive. Referring back to Table

5.lb, it is noticeable that once capitaÌ is reduced to

requrj"ring no ferti

the seiûe activity

ar J))

lizer produces a large¡:

fertilized.

2t

0

a
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$30,000 that at the 50 per cenL certainty level increased

summerfall-ow percentage results in reduced nitrogen addition"
This is explained by a gerrerar- reduction in cropping acres

of soil-s C and E due to capital restrictions, and specifically
fewer acres of soil type B availabr-e for crop because of in-
creased summerf all-ow specif ications. As capitar is red.uced

even further the 65 and B0 per cent certainty l_eveIs begin

to demonstrate reduced nitrogen addition as summerfal1cw is
forced into the p1an"

Effects of capital Level-s and euotas on the use of N and
Cropping Plans

Capital. Consistent with Tabl_es 5.3a and 5.3b was

the trend of decreasing fertilizer use at lower levels of
capital for the 50 per cent and 65 per cent certainty revers.
once capital became restricting any further d.ecrease in its
availability caused a significant reduction in use of N ¡ âs

more activities were forced into solution that required no

nitrogen. The effect of diminishing capital on cropping

plans resurted in a larger percentage of the cropping area

being planted to wheat,. rn cases where capital was severely
limiting not all of soil- type c avairable for cropping was

used and in many cases no E soil was so\^in at all.
Two major conslusions result from the anarysis of the

effects of varying capital on nitrogen use. First, it
appears that relatively speaking, wheat responds l-ess to
nitrogen than does barley and oats, since wheat acreage per-
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centage wise decreased as capital and nitrog'en increased.4

secondly, when capit,ar becomes resticting not onry does ni-
trogen use decrease, but. the soir types that do not yield
well- relative to type B are the first to be uneconomical and

thus woul-d not be seeded if these planning results \.^/ere act-
ua1ly used" This second concl-usion validates part of the

hypothesis.

.Botgg_:- The level of wheat quota had some effects on

fertilizer use as shown in Tabres 5.4a and 5.4b. euotas had

no effect on the use of N until capital dropped to the re-
stricting l-evel of $25,000. Àt this point onry the 50 per

cent certainty l-evel made use of fertil-izer activit.ies and

exhibited increasing use of N for most d,ecreases in quota at
all ratios of summerfallow. As quota activities, which

tended to be wheat non-fertilized at these restricted capital
levers, were reduced by quota limitations, they were replaced

by activities yielding the next irighest value of net profit.
Tn all cases quota restrictions reduced quota wheat acreages,

forcing acreage into the next best alternative, in most

instances oats, both fertilized and non-fertilized depending

on cert.ainty level"

4ob"ervation of
functions makes

t,he different generat.ed production
t.his obvious "
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TABLE 5 " 3a

ITOTÄ.L ADDED N iIOR CROPPING PLANS CORRESPONDING
TO AI,TERNATI\E RTSK - CAPITAL LEVELSA/

Capital Leve1s

502

65å

80%

48,800
48,000

iin actual
48,800
48,000

pounds )

48,000
B t2BB

3l.,920

a/ F'or quota level equal to 251000 bushel_s and. summer-
fallow percentage equal 'to 0U.

TABLE 5 "3b

Certaint

50%

652

803

Certaint $35,000

TOTAL ADDED N FOR CROPPING PI,ANS CORRESPONDING
TO ALTERNATIVE RISK - CAPITAL I,EVELSA/

Capital Levels

$69,000 $35 ,000 $30 ,000 $25,000 $20 000

101,280
52,560

(in actual poünds)
7 4 ,09 6 29 ,280
52 ,560 27 ,Bg 6

23,880

a/ I.or quota l-eve1 equal to 25,000 bushels a¡rd summer-
f all-ow percentage equal to 40eo.
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TABLE 5" 4a

TOTAL ADDED N FOR CROPPING PLANS CORR-ESPONDTNG TO
ALTERNATIVE SUI{MERFALLOW, QUOTA AND RTSK LEVELSA/

Summerfallow Levels

I

thousands
39"0

pounds )

23"9

Fixed As

Soil T

28.0 37 .7

To
b202 402

uota Levels (000's bushels)

25 20 I 2520 20Certaint

503

652

B0u

(in a

42 "7

tual
31" 3

of
23 .9

a/
b/

For S25,000 available capital.
0% of Soil B, 2SZ of Soil C and 33"3% of Soil E.

TABLE 5" 4b

TOTAL ADDED N FOR CROPPTNG PLANS CORRESPONDTNG TO
ALTERNATIVE SUM}ERFALLOW, QUOTA AND R]SK LEVELSAT

Summerfal_low Level-s

0a 20e" 402

Fixed As

Soil
To
b

Quota Levels (000's bushels)

Certaint

50%

652

B0å

20í 25 25 12520 20

16.9
(in a

26 .6
tual

L6 .2
thousan

26"0
sof

4"8
pounds )

4"8 L2 .9 22 "7

a/
b/

For S20,000 available
03 of SoJ_I B, 252 of

capital 
"Soil C and 33"3å of Soil E"
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there was not a target, yierd recommendation service for the

índividuar soils used as a base for this project. As the

case farm did not soil test, it did not have physicat target
recomrnendations specific to its own soils, that could be com-

pared to the economic target recommendations which woutd be

made following the analysis presented in this study. This

prevented t.esting the hypothesis that the difference between

'target N recommendations and actual N used increased as risk
aversions increased.

Under the present soil testing program, a set of tar-
get yields are specified for a particular fiel-d given t,he

actuar level- of nutrients in t,he soi] and suggested added

levels required to bring about alternative target yields.
This predicting of yierds is determined from a curve linear
yie1d response to fert.il-izer (both nitrogen and phosphorous)

function specific to various general soil- classifications
iclays, loarns, sandy loams, etc.). These functions have been

developed by the soir Testing Laboratory, soil science Depart-

ment, University of Manitoba, from test plot data, over a

number of years on these various soil classifications. These

target yierds and 1eve1s of suggested fertiLizer addition
would help form the basis of any planning program. Necessary

conditions for acceptance of a target yield and associated

fert.ilizer level are t.hat the production function from which

the target yield was derived pertains or is simirar to the

arison of Target N Recommendations and Actual_ N Used

Unfortunately, ät the time this st.udy was completed,
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field or soil of th.e farm manager vaho is using it, and tj:at

the farm managelr is irrciifferent to risk bel-ieving he has a.

50*50 chance oi' achiev'j-ng the target IeveI. Horvever, if hc

wants to be more cerLairr of achieving a certain t,arget yieicl,

he ivill discou.nt. i*he 1:arget, yieJ-d he ultimatery decides upc)r) "

In any evenL as shown:Ln an earlier chapter, when certainty

was increased, yiercs used in the planning modeL \,üere reduced

as was Èhe J-evel- of i'iiLrogen application. Consequently, the

author feels tli;rL Lhe hypothesis under test can not be re-
jected as i'L has k¡een indirectry shown that the difference

between actual IV used and target N recommendations increased.

as certainty increased"

These find.ings can be of significance to a farmer

planning on the basis of soil testing results. As stated

before, a planner indifferent to risk will accept and plan

with soil test values. However, introducing factual yield
variation into a farm planning program and a wish to reduce

the effects of yield uncertainty will result in a target
yield being discounted by some subjective va1ue. This thesis

has attempted to exhibit a procedure, being methodologically

sound, t-hat demonstrates what could happen under one type of

modern planning system. This procedure is not necessary,

however, for farm manag:ers to discount any yield given to

them from any source" Whether yield variation is considered

in a formal sense or not farmers often discount yields which

they feel have not realist.ically taken into account al-l the

conseguences of undesirabLe weather conditions" Evidence
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of this is the fact that very few farmers budget with target
yields as indicated by a soil- test" They invariably use a

l-ower yield determined by some historical or subjective rule
of thumb discountÌng procedure.5 Consequently it is Lhe opin-

ion of t,his author that target recommendations although a

most important facet of farm planning, in most cases need to

be altered by some factor related to yield variation. This

v¡il-i- provide a more real-istic approach to a f arm planner,

both in economic Lerms and in response to his personal- risk
attitude.

Effect of Risk Aversion on Land Resource Deci-sion

At the highest level- of risk aversion all land received

zero amounts of N, and some land rvas left idle. This implies

that if risk aversicn is an important decision variabl-e, then

the manager essentj-ally discounts returns more on land wj-th

high yield variability. This has very meaningful consequences

on long run decisions of buying or selling or renting land.

Over a period of unproductive years a farmer will
dispose of uneconomical land given no contractual- restrictions.
Simil-arly during or prior to years of favourable markets and

prices, a farm unit with access to avail-able labor and capital
resources may desire to farm more land. Decisions regarding

buying or selling or renting of land are subject to risk and

uncertainty just as short run decisions of what to plant and

at what l-evel to fertilize" Using a risk aversion analysis

SFor example discount all yields by I/3 or L/4, etc.
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such es presented above in conjunction with shadow price=6

(the amount one can afford to pay for one more unit of a

sca-rjce resource paying l-ess would imply additional profit)

as gener:ated by the MPS 360 program can result in a benefi-
cial aid to the probJ-em of risk aversion concerning long run

land resource decisions " The shadow prices wilr indicate to
th.e farm manager how much he can afford to pay for more units
of different kinds of land inputs in terms of prices or rents

offered" rn addition the same analysis regarding increasing

risk aversion can be applied to shadow prices. rt was ex-

pected Lhat as certainty increased., shadow prices would cor-
respondingfy decrease" shadow prices taken from the program

resui-ts bear this out as indicated in Table 5.5.7

6sh.dor prices represent the marginal varue products
of the corresponding resources. The marginãr varueproducts are of interest since they indicate possiblegains in income through acquistion of scarce re-sources" For example given the set of constraints,activities, and matrix coefficients used. to g,enerate
a set of planning resurts, a positive varue of 50 forthe shadow price of a restricting land restraint
wourd indicate that a one acre increase in the land
restraint woul-d add an extra $SO (Iess the annualcosts) to income"

'l'rn this instance only one exampre witl be presented;
however, all sets of plans indicate the same findings



IA2.

TABLE 5" 5

MARGINAI, VALUE PRODUCTS FOR SCARCE RESOURCES
A:T VARTOUS LEVELS OF CERTATNTYA/

Certainty Levels

Restraints 503 65å BO?

Stubbl-e B

Sumfllw" B

B Fallow
Stubble C

Sumf llw" C

C Fallow
Stubbl-e E

Sumfllw" E

E Fallow
Total Lab" SS"

Spring Lab" SS.

Fall Lab" SS.

Operating Cap"

Wheat Quota
Wheat Acreage
Barley Acreag,e

Oat Acreage
Flax Acreage

(in dollars)
27.96
27 "06
II"26
r0.72
L6 "67
11"06

9 .4r
16.10
10.71

"25

3L"79
:39 .,27

13 " 26b

.tB " 76

24"67
11"06
20.70
30"92
10. 7l_

"25

L4 "72
24.30
II.26
8"59

13"81
11" 06

7 "02
7L"52
10"71

:,,

a/ F.or a summerfallorv ratio of 402¡ $69r000 available
capital; and, 25r000 bushel-s quota.

b/ Shadow prices can not be negative unless resources
are forced into th-þrogram which occurred in these
cases "

As is evident in Tab1e 5.5, shadow prices decreased

as certainty increased, For instance, the shadow prices of
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Stubble C associated v¿ith 50 per cent, 65 per cent and B0

per cent certainty were $18.76, $10.72 and $8.59, respective-

1y. This indicated that for the production period for which

the assumptions of the model were formulated, one extra acre

of Stubble C could return an income of the values listed

above. A farmer could afford to rent extra acres of Stubble

C up to these values. Therefore, if the manager was one who

planned on 65 per cent certainty, and was able to rent addi-

tional acres of Stubble C at $8"00 per acre, he could budget

for additional profit of ç10.72 - $8.00 = ç2"72 per acre"

He would not consider paying rent of more than ç70.72. If

the shadow price for a certain soil was zero, the manager

would either not produce on that soil, dispose of it. or

accept more risk.

The whol-e analysis of determining whether to buy l-and

over a period of years must include the time horizon over

which the decision applies. This is facilitated by use of a

capitalization equation,

n
P.V.=IR,

t=l- (1 + t) t

which takes into account the present worth of all future
revenues from the acre of land under consideration. For this
formula R represents the estimated annual income for that
acre (in this case the shadow price), r is the interest rate
the manager would have to pay if he mortgaged the purchase,

and t represents the mortgage period. Using an interest rate



of 6 per cent for a

f.or the land shadow

lated and presented

period of

prices as

in Tabl-e 5

25 years

shown in

.6"

, the present

Table 5. 5 are
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values

calcu-

Restraints

Stubble B

Sumf 1l-w " B

B Fallow
Stubble C

Sumfl-lw" C

C Fallow
Stubble E

Sumfllw. E

E Fallow

PRESENT VALUESA
AT VARIOUS

50%

406

502
L44
240

315

L4T

265

395

r37

TABLE 5 " 6

FOR SCARCE LAND RtrSOURCES
LEVELS OF CERTATNTYD

Certainty Levels

652

(ín doll-ars per acre)
2BT

346

L44
137

2l-3
141

L20

206

137

B0%

lBB
31r
144
110

177

141

90

L47

I37

a/ CapíLalized at 6 per cent over 25 years.
b/ For summerfallow ratio of 40 per cent; $69,000

available capital; and, 25,000 bushels quota.

Comparing the present values to the market price of
land in this district, a farm manager can determine whether

or not to buy land. If the present value as determined by

the capitalization procedure is greater than the market price

in the area he may wel-l decide to purchase additional land.
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His next iit-ep witl be to decide rvhich soil type to purchase"

At the 50 per: cent-- certainty level he would select the soil

type exhibirli:r-rg the largest net present va1ue. ff he wished

to purchase cíi the basis of 65 per cent certainty of achiev*

ing some p]ano he would select the land type having the 1ar--c;*

est net preserrt value in this case"

The procedures for :renting additional land or sellrng

l-and wouid be based on the same reasoningi.

Effect of Sumrnerfal-lov¡ on Profit and Cropping plans

Summerfallow, in this analysis, proved not to be an

economic means of supplying plant nutrients under the assump.

tions of the model" Tt was hypothesízed, that summerfallow

would replace fertiLizer as a means of supplying plant nutri--

ents when (a) the difference between the target fertilizer

recommendation and actual amount used increased; (b) the

Ievel of capital declined, and (c) the more severely crop

production was limited by quotas.

The model assumed four different leve1s of the summer-

fallow variabre" rt was felt that if summerfallow was con-

sidered as an endogenous variable availabl-e for solution
within the model Ít would be necessary to introduce alternative
five year cropping rotations. This would be necessary to

allocate the benefits of summerfallowing among the various
oyears." Atthough thís procedure would result in a more

ou_-For example, 2/3 of the expected increased yietd over
stubble might accrue to the first year after sufitmer-
fal-low, I/4 to the second year, and I/I2 to the third
year"
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realistic anal-ysis and a more sufficient test of the minor

hypothesis, time limitations and a lack of agireement as to

the allocation of the benefits of summerfallowing accruing

to following years' crops caused the author to a]:andon the

idea of letting the model decide the optimal leve1 of sulltmer-

fallow" Instead, the variable was treated as exogenous and

fixed at the level-s indicated in Chapter 4 " This assumption

placed limitations on the results as it was impossible to

draw conclusions regarding summerfall-ow as a competitive

alternaLive to nitrogen"

Presented below in Tab1es 5"7a and 5.7b, however, are

results which indicate the effect of summerfallow on net farm

profit. They indicate that as more summerfallow was forced

into solution, a decrease in total acres cropped was directly

rel-ated to a decrease in net revenue from the farm plan as a

whole when capital was an effective constraint" Although

more revenue was derj-ved from grain gro\¡In on summerfallow,

the increase did not match the decrease in revenue from fewer

acres being cropped as the penalty for forcing in suÍrmer-

fallow often amounted up to $8,000 and higher.

Cropping plans and corresponding net incomes are given

in Appendix B. They point out the interrelationships of

capital levels, quotas, and risk aversion on profit for

given summerfallowing practises as discussed below.

Capital Levels " Capital had no effect on net farm

income at the first level of $69,000. It became restricting

at a capital level of $35r000 for the 50 per cent certainty



TABLE 5"7a

NET FARM INCOME FOR PLANS CORRESPOND]NG TO
ALTERNATIVE RTSK - SUMMERFALLOW LEVELSA/

Summerfallow Levels

Fixed As

Soi 1
(in dollars)
31, B0B

25 ,626
20,L98

(in dollars)
2\,057
L7,326
L4 ,2L5

I07

33 ,925
27,045
27,4I2

25,000 bushels

33.3? for Soif E"

To
b

50u

652

80u

Certaint

503

652

B0u

39,048
3r.347
24,954

28 , I04
23 ,6l-3
19,913

24,

TB,

13,

564

190

949

a/ T'or $30,000 availabfe capital
available quota.

b/ 0å for Soif B, 252 for Soil C

and

and

TABLE 5.7b

NET FARM TNCOME FOR PLANS CORRESPONDING-TO
ALTERNATIVE RISK - SUMMERFALLOW LEVELSA/

Summerfallow Levels

Fixed As
202 402 Soil T

To
b

11,
10,

7,

017

160

314

22 t7 03

rB, 610

L5 ,245

a/ For $20,000 available capital and 20,000 bushels
avail-abIe quota

b/ 0z for Soil B, 252 for Soil C and 33"3? for Soit_ E"

Certaint
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leveli at the $30,000 capitar figure for 65 per cent certainty;
and, at $25,000 for the B0 per cent certainty level. From

this observation. it appears that as certainty increases less

capital is required to generate a corresponding net farm

íncome value. Th.is bears mentioning as it was previously

stated that the level of equity, debt position, and. availab:ll-
ity of operating capital have a bearing on farm plans " Farmer

attitude toward certainty is rerated to capital avairabilíty.
Quota Levels " Quota level_s had only minor effects

upon net income as the quota concept was developed in this
model" At the 50 per cent certainty level decreasing quota

from 25,000 to 20,000 bushets caused a reduction of net

income in the range of $1150 - $1250 at ar1 summerfallow

ratios at the fj-rst four capital Ievels.9
As capital became more restricting (920,000 leve1) a

reduction in the quota restraint caused a deerease in net
income of $800 $900 in most cases" This reduction differed
from the $1150 - $1250 result in the former case as the new

capital restriction prevented some of the availabte acreage

from being employed" This caused fewer acres to be sown to
wheat, therefore, fewer bushel-s to be sold at a $.2s difference
per bushel"

At the 65 per cent certainty level, decreasing quota

from 25,000 to 20r000 bushels resurted in a reduction of net

o'This is explained
quota at $ " ZS per

by 5,000 bushels being sold off
bushel l-ess or gl_ 

¿ 250
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j-ncome in the range of $1150 - $1250 at all summerfallow

ratios and at a1f capital levels.
At the B0 per cent certainty r-evef decreasing quota

caused net income to reduce between $600 $1250. Restrict_
ing capitar levels at the 0 per cent summerfalrow stage praced
the income dif ference in the l-ower end of the above rang.e.

This was due to only 60 per cent of the now limited acreage
being so\,^/n to wheat--the remainder to oats. Tncreasing the
summerfallow reguirement allowed. more acreage to be sown into
wheat, and thus the difference approached the upper part of
the range i"e. the $1250 difference.

Risk Aversi-on. The lever- of risk aversion had major
effects upon net income of prans generated at 50, 65 and B0

per cent certainty in this model. Regardless of capital
level or quota limitation, as indicated in Tables 5.7a and

5 " 7b net income decreased as net prices õr were subseguentry
J

discounted by ,jo- As the whole model was constructed on the
concept that increased certainty necessarily resurted in
decreased income, the resurt could not be different.

HYPOTHESIS NO. 2

The second hypothesis as developed read:
rt is hypothesized that fixed debt obrigations andpersonal withdrawals of income rimit the dégree towhicli risk acceptance can be reduced. rt i; impriedthat some risk must be accepted if net farm incõme isto be large enough to cover these obligations and per-sonal withdrawals of income. Accordingly, this plãcesbounds on the number of feasible 

"roppí.,g plans ãvair-abl-e to a risk averter.
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As described earlíero the solution vectors (activity

acreages) for the different certainty Ieve1s formed the basis
of testing the hypothesis that some risk must be accepted if
net farm income is to be large enough to cover fixed debt

obrigations and personal withdrawals of income. Model_ 2"4

provided the mechanism for making trade-offs betrveen expected

income and risk, g'iven some expected income solution, a

specified or survival level of income, and the variance of
the cropping solution" rt lvas hypothesized that plans

originally constructed on the basis of increased certainty

would in fewer cases exceed the specified level of income.

This is apparent as presented in the resurts of Moder 2"4

found in Appendix E" Appendix Table E3 (based on B0 per cent
certainty) exhibits fourteen plans each having a probability
of less than 50 per cent of exceeding $25,000, whereas Tabre

E2 (based on 65 per cent certainty) has only ten.
Three tables listed as 5"Bao 5.Bb and 5.Bc are present-

ed below to show the effect of risk aversion, summerfarlow

ratio, and capital upon the probabilities as specified by

Model 2.4. rt is essential to note that onry those prans

having a probability of greater than or equal to 50 per cent

would be considered as feasible in the terms of a rational

farm pranner as described in this study. Although it was

found that some plans were infeasibre at the B0 per cent

certainty leve1, it occurred that the remaining feasible
plans at this level had t.he highest probability of occurring"
This resulted from a lower net income variance of the
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cropping pian å,s ä whore compared to the net income variance

of the c::opping plans of the lower certainty l_evels.

TABLE 5" Ba

PROBABTLITY OF EXP]]CTED INCOME FROM CROPPING PLJ\NS,, ãORIGINALT,Y FORI'îULATED .AT 5()U CERTATNTY, EXCEEDING ç25, OOO'

Summerfallow Level_s

Fixed As
0U 2Ae" 402 Soil Type

(in percent)
6B

6B

68

To
bCertainLy_-

50%

652

B0%

'73

73

77

56

53

40

6B

6B

70

a/ Eor $69,000 avail_able
available quota"

b/ 0eó for Soil B, 252 for

25, 000 bushels

33.32 for Soil E.

capital

Soil C

and

and

TABLE 5. Bb

PROBA.BIL]TY OF EXPECTED TNCOME FROM
ORIGINALLY FORMULATED AT 653 CERTATNTY,

Summerfallow Levels

Certaint 202

cRoPPfNG PLANS, ^
EXCEEDTNG $25,000o

Fixed As

40e" Soil T

To
b

502

652

803

68
'79

'77

46

45

33

62

6B

70

(in percent)
62

64

64

a/

b/

For $30,000 available capital and 20,000 bushels
available quota.
0Z for SoiI B, 252 for Soil C and 33"3? for SoiI E.



TABLE 5 " Bc

PROBABILITY OF EXPECTED INCOME FROM
ORIG]NALLY FORMULATED AT BO3 CERTAINTY,

Summerfall-ow Levefs

Certaint 0% 202 402

CROPPTNG PLANS, _
EXCEEDTNG $25,000d

l-T2

Fixed As To
bSoil T

45

45

45

000 bushels

3Z for Soil E.

50å

652

B0%

60

61

61

39

3B

3B

16

10

11

a/ I.or $20,000 available capital and 25,
available quota.

b/ 0å for Soil B, 252 for Soil C and 33.

The standard deviations of net income for the various
plans are lower for the plans based on B0 per cent certainty
as indicated by Table 5"9. (All val-ues shown in Appendix D) "

As these values were entered into the denominator of Model

2"4, it is understandable why probabirities of plans at the
B0 per cent certainty lever would in cases where the expected

income just surpassed the specified income level show a very
large probability of surpassing that specified leve1. since
the originar plan had a very small variance of net income,

chances of the expected income occurring \^/ere very high.
summerfall-ow ratios had major affects upon the crop-

ping plan probabilities. Tables 5.8a, 5.Bb and 5.Bc at1

indicate that increased summerfarr-ow resulted in reduced

probability. Arthough the variances of the plans decreased

(in most cases) when summerfallow was d.ecreased, the change
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STANDARD DEVIATION
TO ALTERN,\TIVE

TÃBLE 5,9

FOR CROPPING PLANS CORRESPOND]NG
RTSK SUM}{ERFALLOW LEVELS*

Summerfallow LeveIs

Fixed As

202 402 Soil T

(in dollars)
2r,902 24,

To
bCertaint

50å

65å

80%

28 ,687
28,829
14 ,452

22 , gL7

L0,546
30,
11,

220

r69
B5B

26 ,657
28 ,685
12,688

a/ vor $35,000 available capital and 23,OOO bushel-s
available quota.

b/ 0Z for Soil B, 252 for Soil C and 33.3so for Soil- E.

was proportional-ly less than the decrease in expected net

income. Hence, probabitities al-so decreased. rt was obvious

that the lowest probabilities always occurred at the 40 per

cent summerfal-low ratio reg'ardless of capital or certainty
1evels " These corresponding plans had a relatively large
risk attached to them considering their generated income was

too Iow" At this ratio too litt1e land was cropped to enable

íncome to exceed ç25,000 when capital was restricting.
Although summerfallow did not always replace fertilizer
(Hypothesis No" f), it is evident now that summerfallow is
not consistent with risk reduction.

Capital¡ âs seen by comparing Tabfes 5.8a, 5.Bb and

5.Bc with one another, had major effects upon the probabili-
ties of the various plans. rn al-most a1r cases a further
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restriction ín capital caused a further reduction in the

probabil-ity of any plan exceeding $25,000. Again in this

ínstance, the decrease j-n risl< of the plan brought about by

the decrease in total acles cropped rvas not compensated by a

less relative decrease ín expected income" Therefore the

probabilities decreased as capital declined"

The E-V Frontier

The major finding of this study centers around the

concept described earlier as the E-V frontier the locus of

expected income variance combinations. The first part of

this model, specif ied by equations 2.I, 2.2 and 2.3, giener-

ated plans X.. under alternative relative net. prices for given
J

levels of exogenous variables. The expected income of these

plans vrere found and entered into Equation 2"4 to determine

the probability of exceeding a specified level of income given

the variation of the plan as a whole" Taking the net income

variation of the cropping plans (in this case the standard

deviation) and the corresponding expected incomes as gener-

ated for equation 2"4 and graphing them leads to a major

conclusion and to a deeper understanding as to how the two

parts of the model are related.

Figures 5.2a and 5 "2b each exhibit three combinations

of standard deviation (o) and expected income E (tj ) as deter-

mined for employment j-nto 2.4. Each figure demonstrates an

estimated E"'(V)à space with three locations, one corres-

ponding to the three previously mentioned certainty level="10

10 This
To test for the
programming as

provides only
true frontier,

Driver has done

an estimate of the E-V frontier
one would need to do quadratic
(pase 32) .
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Figure 5.2a demonstrates a case rvhere capital is not

limiting. ft is significant by this example that plans re-
sulting from discounted net prices have nearly the same E (tj )

as plans from non-discounted net prices " The plan corresponding

to 50 per cent certainty has E(tj) and 6 of ç37,075 and

$26,038 respectively; for 65 per cent ç35,592 and ç22,9L1¡

and, for B0 per cent $29,858 and $10,546. This suggests that
a farm planner selecting plans on the basis of these results
could reduce his standard deviation (risk) $3 tl-2l- by giving

up only $1,483 expected income if he considered the 65 per

cent certainty leve1. This becomes even more explicit when it
is real-ized that by using a plan formulated at B0 per cent

certainty and, subjected to average prices, would result in a

decrease in E(t.) of ç7,2L7, but a large decrease in d of

5I5,492 as compared to the 50 per cent plan. This suggests

that a plan chosen strictly because it exhibits the highest

E(t;) may in fact not be the "best" plan. Taking risk into
J

account may result in a plan with a marginally smaller ex-

pected income but with a greatly reduced variation of occur-

ance, i.e. risk attached to it"

Figure 5.2b indicates that as capital becomes more

restricting (compared to Figure 5"2a), the 8... (V)% combina-

tions in relation to each other begin to become more horizontal"
This suggests that limiting capital in the original develop-

ment of the plans caused a plan regardless at what certainty
level it had been formulated to seek those activities demon-

strating the highest net return" The variations around the

plans were not significantly different (particularly when cap-
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AN E. " " (V) -, SET OF ESTIMATBD POINT COMBINATIONS BASED ON

PLANS DETERMINED FROM AITERNATÏVE RISK LEVELS



ital was $20,000) as there was

bring those activities having

solution

TT7 "

símply not enough capital to
large yield variations into

The significance of the description above is twoford.
Firstlyr âs related to this project, it provides the binding
between equations 2.70 2.2 and 2.3, and equation 2.4. rt does

this by showing the rel-ationship between expected income and

risk of plans originally formulated under conditions of dis-
counted net prices as associated with yield variation. Secondly,
as related to farm management decision tools in general, the

,
8" " (v)' results as graphed in Figures 5.2a and 5.2b indicate
that when risk is considered, the results eminating from a con-
ventional linear progiranming model may not be the "best" solu-
tion" Although the prans may yield the highest expected income,

this analysis has demonstrated that under certain circumstances
a smal1 sacrifice in expected income can be associated with a

large reduction in variance (risk). This has very major conse-
quences upon farm managers who want to and who must plan on the
basis of plans developed with rj-sk-j-ncome trade-offs in mind.
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Chapter 6

SUMMARY AND INFERENCES FOR FURTIJER STUDY

ft was the objective of this study to identify and

eval-uate the effects of soir type, sunìmerfarrow, labour,
capital and quota restrictions and ri_sk aversion on crop
planning and fertilizer use. This l-ead to specific objectives
of determining discounted average yierds for wheat, oats,
barley and frax at different fertilizer rates on different
soil- types in accord.ance with selected revels of risk aver_
sion" rt also led to determining optimal crop plans and

fertirizer use for alternative revels of the exogenous

variables, and of evaluating the effects of soir type,
summerfall-ow, capitar, labour, quota restrictions and risk
aversion on the probabirity of net farm income J_ying above

a specified 1evel_.

A conceptuar framework was developed for achieving
these objectives" Hypotheses were formulated (page B) and

anarytical as well- as empirical procedures were deveroped for
testing these hypotheses.

An underrying premise in the development of the con-
ceptual framework was that farm managers be considered either
as risk averters or those who were indifferent to risk since
it was fert that very few managers would pran on the basis
of excessively high yields at row odds. For a given case
farm, a set of optionar grain activities were specified and
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translated ínto a planning modeJ- made operational to cover

a five year planning period.

For this given case farm, resources for producing

products were translated into a set of constrained variables

or activities (Ta]:le 3.1) " The model was developed in two

parts" The first part maximized net farm income subject to

linear constraints given varying levels of net prices as

determined by different l-evels of risk aversion as attached

to uncertain \ziel-d values " Expected net income was expected

to be inversely related to risk aversion. The degree of risk

aversion was arbitrary selected at the level-s described

earlier (table 4 "2) " The second part of the model determined

the probability of net farm income for a particular plan

exceeding some specified income Ieve1" This probability was

calcul-ated under the statistical theorem that linear combina-

tions of independent random variabl-es which are normally dis-

tributed, are also normally distríbuted. The resulting dis-

tribution v¡as standardized and corresponding probabilities

calculated "

ït was assumed that alternative leve1s of exogenous

variables, within the first part of the moder, had no affect

on the input-output relationship where specified over the

duration of the model. The planning model did not handle

payments to resource owners either outside or inside the case

farm in terms of opportunity costs for land, capital or

labour "

Data required by the model was obtained through:
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(1) personal interview rvith the case farm manager,

(2) It{anitoba Crop Insurance Corporation yietd -
ferti J-ízer r¡alues , and

(3) farm management planning guides"

The premise underlying the processing of data inputs

required by the model involved the development of production

and. variance functions consistent with normal yield distribu-

tions of all grains on all three soil- types " This required

regiression analysis for yield prediction beyond the range of

sufficient available yield data"

Input-output coefficj-ents required by the model were

determined from special studies, farm management guides and

case farm procedures where applicable.

The significant findings of the study are summerized

in terms of hypotheses formulated for achievinq objectives.

ft was concl-uded that as risk aversion increased the

amount of N used decreased. It was evident that as net

prices were discounted by successívely larger risk values in

conjunction with the yield variation of the corresponding

grain activity, that fewer activities based on nitrogen came

into sol-ution. This is explained by a larger variance of

yield being associated with a higher yield" Therefore, the

new discounted net price of an activity at the B0 pounds N

1evel was discounted at a relatively higher degree than the

associated net price of an activity at 0 pounds N. Nitrogen

levels between these two values were not presented for

solution as linear production functions and their unreality
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ruled intermediate values out"

It was evident that as capital restrictions increased

a larger percentage of the farm plans required no nitrogen

and was sown to wheat. This suggested that relatively speak-

irg, wheat responds l-ess to nitrogen than do barley and oats.

As hypothesized, high risk aversion in association with re-

stricting capital resulted in land associated with high yietd

variability not being competitive, and. therefore not entering

optimal solutions.

The level of wheat quota had only minor effects upon

fertilizer use when capital was severely timited. In al-1

cases quota restrictions reduced quota wheat acreages,

forcing acreages into the next best alternative, in most

cases oats.

It was expected that the difference between target N

recommendations and actual N used would increase as risk

aversion increased. This could not be shown directly, but

as was evident by the fact that when certainty increased,

yields and nitrogen levels used in the planning model decreas-

€d, the author feels that indirectly the hypothesis has been

verified "

Summerfall-ow in this analysis proved not to be an

economic means of supplying plant nutrients under the assump-

tion of the model" As indicated in the resul_ts, âs more

summerfal-low was forced into solution, a decrease in total

acres cropped rvas not compensated by an equivalent value in-

crease in net income from wheat grov,/n on summerfallow. Quota
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level changes hacl only minor effects upon net income.

The second major hypothesis implied that some risk
must be accep+-eci if net farm income is to be large enough to
cover fíxed debt obligations and personal withdrarvars of
income " Resul-ts verif ied 'this reasoning as it was evident
that more plans formulated under B0 per cent certainty felt

below a probability of 50 per cent of exceeding the survival
of $25,00c than plans formulated under 50 per cent certainty.
However, of special note, it was observed that when prans

based on increased certainty had expected incomes larger than

$25r000, the probability of achieving the expected income was

often higher than the probability of expected income surpas-

sing $25,000 when the corresponding plan was originalry form-

ulated at 50 per cent certainty. This was due to a rower

variation of net income as concerning the plan as a whole.

capital restrictions resulted in decreased probabitities as

did an increase in the specifi-ed ratio of summerfarl-ow.

The most noteworthy finding of this study dealt with
the E - v frontier" As demonstrated in chapter 5, the plan

exhibiting the highest expected net income need not necessar-

ily be the best p1an" Buitding yield variation into the cer-
tainty model and then comparing farm prans with respect to
two criterÍa, expected income and risk, arlowed a more mean-

ingful anarysis of future production plans. As shown, taking
risk into account may resul-t in a plan with a marginally

small-er expected income but with a greatly reduced variation

of occurrence -
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There are numerous areas of this study where more

refinement in the sense of data input wourd prove to be

beneficial. The basic source of yield data proved to be

rel-iabre for low yields only" A source exhibiting numerous

realistic high yields courd result in better detailed resul
of the anarysis " A better situation would be a popuration

yields specific to the farm planning unÍt.
A more detailed model considering concepts such as

crop insurance, phosphorus fertilization, and in particurar a

wider array of available crops woul_d be most useful.

rn any event there are many areas to which the concept

of building risk into a farm planning model may lead. There

have been in the past a sufficient number of empirical studies
to show that decision makers adopt different management prac-

tices because they have different attitudes toward risk, and

that these attitudes can be measured and compared. This

study has not attempted to measure an individual's attitude
in utility terms, but has strived to demonstrate a technique

of formulating al-ternatíve sets of plans based on different
predetermined values of risk aversion" rt would be expected

that given sets of plans based on an individual's own produc-

tive situation, he would sel-ect the one that corresponds most

closely to his attitudes toward risk" rn this rvay the prob-

lem of defining the actual risk aversion value is circumvent-
ed although risk has still been taken into accounL.

In conclusion the author issues a final warning" If
decision makers use the concept of planning formul-ated j_n

ts

of
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this thesis, all of their decisions wirl be "good" in the

sense of maximizing expected income. unfortunateì-y, uncer-
tainty still exists, and a carefully reasoned farm manager

might still have a bad outcome in any particular instance.
This procedure does not guarantee good outcomes hopefuÌly,
just good decisionsl



BÏBL]OGRAPHY



Anderson, R.

Bart, P. and Johnson, M.;
Production in the Great plains"
November 1967

BIBLIOGRAPHY

L. and Bancroft, T.A.; Statistical
. New York, New york, I{õGãw-HTtl-
52

126

"Strategies for Wheat
, Journal of Farm Economics

2"

3.

¿,

5"

6"

Boussard, J.
Farmerr s Behavious
Constant", Journal

and Petit, M"; "Representation of
Under Uncertainty With a Focus-Loss
of Farm Economics November Ig67

Brennen, Michael J.; preface to Econometrics
Cincinnati: South-VJestern p 5

Colyer, D.i "Fertilízer Strategy Under Uncertainty",
canadian Journal of Agricultural ncoñãmics, November tgøg

Craddock, W. J" ; "Interregional Competition in
Canadian Cereal- Production", Special Stuãy No. 12,
Economics of Canada

7 " Driver, H.D.; Tenure Forms and rnstruments rmpeding

Unpublished Ph.D" thesis, Iowá S eEconomics L969

Eidman, U.R., Carter, H.O. and Dean, G.W", Ig67
An application of statisticar Decision Theory to commercial
Turkey Production" J. F" E. Vo1ume 49

Farrar, D.8., The fnvestment Decision Under
nngtew tt rncUncertainty.

l-962

B"

10. Freund, J.E.
Prentice-Ha11 Inc.

11. Freund, R,J.
gramming ModeI".

12"

; Modern Elementary Statistics
n Englewood Clif, N.J. 3rd Bdition

, "The Introduction of Risk Into A pro-
Econometrica Vol" 24 1956

Gibson, Hildreth and l{renderlich;
Economics Research. Publication 88352,
@aska press 1966

13" Halter, 4.N., and Dean, G.W., 1969.
Uncertainty with Research Applications.
University (Unpublished ttanuscilþEJ .

Methods for Land
Lr-ncoIn, Nebraska.

Decisions Under
Oregon State

14" Heady, E.O. and Candler, \l.; Linear programming
Irlethods. Ames: The Ïowa State Uni@:



r27 "

15. Hicks, _J.R.; Value and Capital, 2nd Edition. Lond.on,England" Oxford: University press, Ig46

76 Johnson, L"M"; An Economic Analysis of Beef cattleProduction and-Crail O

Faculty of Agriculture, Ig69

18. Knight, F.H.; Risk Uncertainty and profit.
New York: Kelley and Hillman Inc. l-g57

L9" Leftwich, R.H.; The price System and Resource
Allocation. New york: 1966

17 " Johnson , J. i Econometric Methods. New york
McGraw-Hi11 Book comffi

20 " Luce, R.D. and Raif fa, H.
New York: John Wi_1ey and Sons

.)?
LJ

2I"

22

24"

25"

30.
Yale

1958. Games and Decisions

Manitoba Crop production yearbook, Ig69

Markowitz, H.M. ; portfol-ío Selection: EfficientDiversif ication of InvesffiEil- Cov¡les_ Founaation-
fvtonograph L6, New york. John Wi1ey and Sons, 1959

McFarquhar, A.M.M"; "Rational Decision Making andRisk in Farm P1anning...An Application of euadratió
Programming in British Arable Farming"; Journal ofAgricultural Economics, Vol " L4, No. 4, p.S5ãl--EAf

Merrill, W.C. ; Alternative programming Modelsrnvolving uncert.ainty; -Journal of Farm Economics, vol " 47,No. 3, P. 595. 1965

Northrop, F.S.C.
Humanities" New york,
õomþãìálJo s o

; The Logic of the Sciences and the
N

26" Report of the Federal Task Force on Agriculture,
"canadian Agriculture in the seventies", oeóember Lg69

27" Samuelson, P.A. and Scott, A.; Economics. Toronto:
McGraw-Hil1 Company of Canada Limitedf 196B-

28" Schickele, R.; "Farmer's Adaptations to Income
32,Uncertainty"; Journal of Farm Economics, VoI.

August,1950

29. Snedecor, G.h7. and
Methods. Ames: The Iowa

Cochrane, W.G. ; Statistical
State University eresn TgeZ

Van Moesekes, P " i Stochastic Linear programming.
Bconomic Essays. New Haven, Connecticut.

1965Yal-e UnÍversi_t1' Press,



I2B "

31" Venezian, E.i Economic Optima For Fertilizer
Production Functions in Relation to l{eather, Crop, Soil

" L962

Yeh, M"H. and Black, L.D.; Weather Cycles and Crop
Productions. (The University of
A-g-¡ÏõüTEure and Home Economics, Tech. Bulletin No. B,
November, L964

32



APPENDIX A

REGRESSION RESULTS FOR YIELD, VARIANCE

AND VARIANCE/n PREDICTÏONS
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The linear and quad.ratic forms of the equation

tested were respectively:

Y-a+brxrand

Y-a+b1x+bzx

where u

Y = mean yield prediction (Table Al), the mean

variance prediction (Table A2) , and the mean

variance/n prediction (Table A3) based on all
the sample yields and sample variances
respect-ive1y,

a = a constant,
b, = the first regression coefficient associatedl-

with nitrogen,
b.= the second regression coefficient associated

¿

with nitrogen, and

x = the mean nitrogen levels of the samples used"

For Tabl-es Al , A2 and A3 the T value(s) associated
with the b. values are:

l-

+ significant at I0 per cent
* significant at 5 per cent
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Grain-Soil Equation b
Class *_ Tested - Constant Value (s)

TABLE A1

REGRESSION RESULTS FOR YIELD PREDICTION

T
Value (s)

R2
Value (s)

WFB

WSB

OSB

WFC

WSC

osc

TSC

XSC

WFE

WSE

OSE

TSE

XSE

35 " 1s
33 " 96

" 1B2B

" 7198
- " t246

" r029
" 0011
" 0021
" 4347
" 3057
" 0024
"2019
"2732

-" 0002
" LII2
" 0662
" 0014

- " 0075
. 1607

-. 0002
" 0713
" 1227

- " 0010
" 3164
"7473

-"0093
.1090
"3476

-" 0046
" 0568
"0379
.0007

" 2290
" 6308

- " 0217
"0736
.0789

- " 0001
" 3829
" 2562
" 0029
.1852
" 2327

*"0010
" 0992

- . 1542
.0093

*
3.3r3.x
4.7 0r .

3 -724.
5"390

.019
L

r - 822'.x
10. 587*

2 .506
r.r24.ï
5 -2r2

f,

1.846'
.10s.x

5. 865
1.199

.869

1. 510
2.554
2.6BIx
3. g B1*
2.131

" 939*
6.s35
5 .264*
3. 216i
2.457 .x
2.423

I

T.7 48;
2. 433

.402
" 207

*
4.118 .x
3.664 *
2.458 ,x
3.695
I .254

" 0BB*
9.879x
2.130
1.113*
5 .466 x
2.228

.481*
3.9Ì1.x2.24I
3.901*

.1109
" 2332

" L64L
" 1825

" 4309
" 4358

" 1s51
.1s51

.37 23

.3805

.0253
" 0996

" 0967
" 102r

.2238
"2750

" 0392
.0587

.0926

.0933

" 1616
" 2t60

" 0845
.0845

"3974
.4A24

.1680
" 1693

2 087
.3754

linear
quadratic

TBS linear 36"42
quadratic 36 "34

XSB linear l-1"94
quadratic J-2.02

linear 27 "85quadratic 2B " 50

l-ínear 55 " 71
quadratic 56 " 65

linear 27 " 48
quadratic 26 "23

l-inear 2L " 34
quadratic 2I"0I
linear 43 " 19
quadratic 40. 50

linear 28 "63quadratic 27.06

linear 9 "79quadratic 9 " Bl

linear
quadratic

linear
quadratic

linear
quadratic

linear
quadratic

l-inear
quadratic

24"33
23 "58

.i8"47
18.44

40.52
4L"25

2I"77
2I.49

7 "66
B. 06
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TABLE .A2

REGRESSION RESULTS FOR VARIANCE PREDICTTON

Grain-Soi1 Equation bTR2
Class Tested Constant Value (s) Value (s ) Val_ue (s)

WFB linear 17 2 " 38 32.34L6 6 . 481* " 323l-
quadratic 110.4 4 60.1904 4.131* " 3537

-]-"2766 2.030*
WSB linear 207 " 42 8.0938 6.065* " I99t

quadratic 4I2.28 -24.1823 7 .854* .5632
" 6532 1r.070*

OSB linear 7716"63 66.69L4 5.914* "I9I2quadratic 3090 " 37 -I22. 458 0 4.183* . 3873
3.4423 6.860*

TSB linear 972 "9L 3I.2866 3.709* " 0850
quadratic 7642"75 -74.9234 3.205* " 2L0I

2 " 0333 4. 835*
XSB linear 34.7 3 B .5324 8.464* "5526quad.ratic 40"28 5.6988 1.947+ "5608.0852 I.03r
WFC linear 234"7L .3260 1.429 .0227

quadratic 144.7 2 12. 403I 4.57 B* " 2053
- " 0132 4.47I*

WSC linear 67"31- 10.3867 10.893* "4450quadratic 150. 91 -2.4943 "87I " 5tB4
.2534 4.7 33*

OSC linear -98 . 67 I02 .2424 9 " 99 4* " 4 0 05
quadratic 365.05 27.964I .9I7 "42651.5991 2.580*

TSC linear 446 "98 23 .5466 5.646* "1772quadratic 554"53 7 "2769 .537 .1860
" 3119 1.262

XSC linear 31.15 2.7161 3. 385* " 1650
quadratic 30. 61 3 "2J-40 .992 .1653

-"0177 "159

WFE linear 145.10 28.1764 7 .659x " 4000
quadratic 149.18 26.0L64 2.209* " 4002

" 1166 " 193
wSE linear I40.I7 7 " 1181 7 .0L4* . 2495

quadratic J-40 " 60 7 .0427 2 "I99* .2495
.0017 "025OSE linear -50.49 109.2803 16.089* "6362quadratic 7 34 .40 -28 .I24I 1. 611 .7526

3.17 41 8.315*
TSE linear 300.31 9.8908 4.855* "1374quadratic 349.56 1.6116 .258 . 14BB

"L780 I .402
XSE li-near 15"62 4"8893 7"048* "46l-3quadratic 29 "08 -3.6008 2.055* .6316

"3L25 5.133*
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TABLE A3

REGRESSION RESULTS FOR VARIANCE/n PREDICTION

Grain-Soi1
Clas s

Equation
Tested Constant

b
value (s)

T
Va1ue ( s )

R2
Va1ue ( s )

I\7FB

WSB

OSB

lTSB

XSB

hïFc

ï¡7SC

OSC

TSC

XSC

i,{FE

WSE

OSE

TSE

XSE

linear 5.7I
quadratic 5 "28

linear 6.06
quadratic 8.73

linear 16.53
quadratic 22 "77

linear 10 " 79
guadratic 15. 54

linear 2.69
quadrat,ic 2.69

línear 6 "27quadratic 5.15

linear 4.27
quadratic 5.25

linear 7,60
quadrati-c 9.25

linear 9.15
quadratic 9 "64

linear
quadratic

2 "28
2 "26

5. 38
5.50

4.99
5"04

8"22
TL"42

7 "L3
7,74

1,93
2 ,16

.3304

.5245
-.0089

.1073
-. 3136

.0085

.3165
-,5420

" 0156
"22L6

- .469I
-. 0132

.1511
" 1518
.0000

.0045

.1536
-.0002

.1213
-.0294

.0030

.4625

.1981

.0060

.77 37

"0994
.0014
.0654
" 0875
.0008

"3127
"2470
.0035
.TLz2
" 1037
.0002
.5001

- "0592
,0l-29
" 1310
.029r
.0022
"]-127-. 03 07
.0053

B " 028*
4.336*
I,7 04+
6 ,Aggx
8.608*

12 "202*
6 ,077 x

3 ,987 *
6.7 06*
4 .647 *
3.645*
5.698*

10.182*
3 .492x

.018

L"529
4 .327 *
4 "2LLx11"008*

. Bg0
4. 801*

12.4L2x
1. 791*
2.532x
6 "364x
1. 118

. g7B
4.095*
1. 358

.354

8,133*
2.010*

.563
B. BB5*
2.604*

"22415.516*
,67 4

6 ,7 26*
6. 661*

"484
1"795+
7.508*

.7 44
3.686*

" 4228
.44L4

.22L5
" 6]-32

"l-997
"3872

"1213
,2852

,6412
.64I2

,0259
.1909

" 4502
,5247

.5100

.5305

.2L49

.2L90

"2242
.2259

.429]-

.4312

"3478
.3481

.6193
"7 089

.2306

.247 L

.4929

.5905

linear
quadratic

linear
quadratic

linear
quadratic

linear
quadratic

linear
quadratic
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CROPPING MÌSULTS FOR 5Og GRI'AII!'IY,.569,000 CAI)ITAL

Quota leve1s
1000 bus.-à 20

¿. qta.=20 $42,659
l

t. -qta.=25l'
4cliyr!¿eq

s41,411

20

$37,075

25

ç35,826

QhEts^
Oç4FtsY

oi^¡sB^4

ø'me!

ffi,t
ffiiö

ffií
ffi:i
xrtsl

i:åi
E-gnf

ø,Etr^
AtiFrCY

Qi{Fer-
cwFc;
ar{Fc;
o}¡sc:
af,¡scÏ

ffii
f,üFCj
vülc;
I,IFC;

ffii
ffii
ffii
åTe:

ffii
C-srú

"^*^øiTEY
A9lE^+
gi/,BY

ffiö
ffiö
ffiö
ffiö
ffiö

"450

10

450

10

TL12
300
364

28

300

Surrerfallcn¡ Percentages

0

150

50

40t

135"

I'tixed
Percentages

fn Acres

20

ç29,960

25

ç2B,7og

20

$39,066

25

$37 ,817

460

505

300

300
304

90

600 '600

50

50
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CRoPPTNG RESULTS FOR 5OB CEt{l'AIMry, $35,000C/\pÏrÃf,

Quota l-evels
r000 bus.-à

¡. 1¡ç.1qta.=20I' l'
tJ (xj ) -qtã.=25

êclrvrfieg
QWF.B^

ø,,¡f'eY
ovqsB^4

Of,¡SBÏ

ffii
ffiåö

ffiö
*o4
1ïio.It'H;

ËEi
)€B!

¡J-Smr

ogEC^
ø^rFci
Qtù¡cr-
Qlvrng;
fftr€;
QV]SC:
aHscÏ
liFe:
I,,E"CY

wrrcj
IrEe:
f,urc;
I,lsc:
vgscÏ

ffii
ffii
me:
)cscy
xscl

c-smt

tr*^
$^IFEYq,Ìs:
g^l$Y

ffiö
ffil
osE:
os9

ffiô
rGEl'

igõ
Þslnf

20

ç42,659

no

drange

in
either
plan
f::crn

s69, ooo

auailable
capital

at
508

certainty

20 25

ç35,797

s34 ,548$41,411

79
485

79
25L

234

Sunrerfal lov Percentaqes

20 25

ç27,995

ç26,74s

136"

ltixed
Pergentages

20 25

s38 ,074

$36,825

In Ãcres

460

184

289

J28
632

L72

L28
398

4L2

90

300

50

50
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CFoPPING mSULTS FOR 5OS CErrAnüy, s30,000 cAprtAIJ

Swnrerf allq^¡ Percentage s

Ouota levels
'000 bus.â
.tj (xj)qLa.=20
tj (xj )-qta.=25

44¡Èt¡eg
ov¡Fts^
owFBÏ
OT{SB:

Oi,¡SBY
hTts1
VEtsY

ffiö
ffiö
ffiåi
}ßtsl

fi3i
B-grÉ

alr¡c^
g,ürcY

Qw¡Err
aflr'q
arüa;
çfisc:
AV,ISCÏ

WEE:
f.,¡Fe9*d
riEe;
gw,c;

ffii
ffii
TSCf;
TSC;

fl*i
, XSC:
: C-snf

**^
ø,EEYg'i$:
g^rsEY

I.,¡FE1

I,EE9
14æl

ffiå
ffiö
',çç4 .:=0
iËr

E-snl

20

$39, 048

25

$37 ,799

20 25

$31,808

$30,559

20 25

ç24,564

s23,3I4

. 600

60

2I

'460

lr72

Ern Acr.es

140 . 140

50

137.

¡lixed
Percentages

20

ç33,926

25

s32 ,683

460

300

469

208

300

50

50
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s33,156

]-092

TABIE 84

50a GRfÀlI¡Tll, s25,000 cAPIrÃL

Sr¡rnerf aI1o,v Pér, ðentages

138 
"

l4ixed
Percentages

Quota levels
'000 bus.--) 20

t-i(xj)-qta.=20 $34,181

è, (xr)-9ta'=25

@-e
ov.]rts^
owFBÏ
QVìSB; 6L
ogrsB;

hEts^.
9E-89
WSBl
I,isBY
OSBl
osB: -3ss
TSB:
TS89
)f'ts:
s89
>sB3

Fsnf

s25,94r

20 2s

s19, 888

s18, 638

184

600

20

$28 ,781

25

ç27 ,924

422

300

4t9

300

38

92

s00s,Ee^
øJFEY
Qt,¡FCrr
Ot^fFC:

Qt{Fe;
of'¡sc:
ar,rscÏ

ffi1
vEq,
vEc;
T{FC;

ffii
ffil
ffii
)Ge:

ffie
C-srÉ

t*^
øwei
ç¡s:
ousY

ffii
ffii
ffiö
ffiö
lcrl
ffiI

n-snf

50

In Asres

50



TABIE B5

cRoppING RESULTS Ä3R 50t CERTAfNIY, $20,000 CåPITAL

Sunrerf a-llcn¿ Perce-ntaqes

0Ê

139 
"

Àfixed
Peicentages

O¡ota levels
'000 bus.-')

t, (xr)-9ta.=20

t1(x,Æa.=25

4ctu4!¿ee
ovvFts^

s,lrtÏ
ohTsB:
avrsBÏ

hTts:
I,¡Feg

ffiåô

Ëå1

ffiå,i
xrsl

i:3!
B-snf

**^
ø,ncY
QtlFC?r
øGq
Qç^IEC;

ovrsc:
ca¡scÏ

ffii
rEd
vG'c;
?ElC;

ffii
ffii
TSC;
TSC;

i$!
C-sni

"*-s,¡FEY
Qv¡sE-"

øOSEY
f.ItEl
f.,FE9

ffiö
ffiö
ffiå
vm{ -

r#i
Þ-snf

20

$28,96r

249

-2TT

25

ç28,r04

I27

20

$23,561_

300

50

25

ç22,703

226

234

300

50

20 25

ç2L,9r4

$27,057

20 25

ç12,720

$11,017

92
73

27

65

300

173846

92

300

92

300

. 300

30

300

30

In .Acres

50



TÄBLE B6

CROPPING RESULTS T€R 65'ù C5RTÀI}ITY, S69,000 CJ\PIT¡\L

Orota levels
'000 bus.-)
t. (x.) qta.=20 $32'506
J.J

t. (x.) -<rta.=25l' I'
Activities

'450

1190

310

20

10

25

s31, s49

20 25

$25,925

ç24,759

276 276

242

J22

alEts^
OV,TFtsÏ

QhISB:
ÇTISBY

ffiö
ffi3e

Ë3i

tr3í
XTts^'
xss9
xsa!

lismt

**^
ø¡rrcY
aivFci
or,ftr:
OÍ^FC;
O9¡SC:
cf,¡sc:

f.¡Fe:
I,¡FCy

r,{Fqr
vG!c;
v{Fc;
lfsc:
f^tscÏ

ffii
ffii
)fiE:
xscy
r{ScÏ

c-grÉ

t*"^
g^EEY

eg|sE-4t

G^rsÏ

ffii
T{SE:
ers9
osl
os9

ffiô
lrE:.
ffiI

E-sûìf

150

50

Srrnrerfallcn¡ Percentaqes

t40.

Àlixed
Percentages

20 25

s28 ,300

$27,08L

460

300
536

314

50

408

20 25

çr8,287

$u,o4o

In .Acres

600 600

6

300

50

50



TABLE 87

CFOPPING RESTJLTS FOR 658 CEm'/\.I]!'IY, $35,000 CAPTTATJ

Quota levels
r000 bus.--)

ti (xt) -9ta.=20

tj (xJ, -qta.=2s

4çËiyifrcs
QWFts^

ot^lFts:
QWSB:

oursBÏ

ffie
ffi3e

ffBl

Håi
fts^'

fËe
B-snf

*a^
øu'ci
QtvFEr-
Of,¡Fq
Qfüc;
ovflsc:
ov¡sc;

ffii*d
vEq
I,¡Ee;
lisc:
vrsci

ffi1
TSC:
mc!

#i
>ac!

C-snf

t*^
øweY
øssnl
øuwi
vEE:
w¡s9

ffii
ffii
ffiô
#i
>aeY

n-s¡nÉ

'no
ctrange

in
eitt¡er
plan
frcrn

$69 ,000

ayailabLe

capital
at

65E

cerEainry

no

change

i¡¡
either
plan

frcrn

s69,000

available
e¡Fita1

at
65*

certajntl¡

Ê

141.

I\fì:<ed
Percentages

no

change

irr
either
plan
f::crn

$69 ,000

available
capital

at
658

certainry

20

ç28,278

25

ç27,060

26t

50

460

267 267
843 589

33 33

7

50

300

Sunrerf a1lo¿ Percentages



TABIE B8

CFOPPING zuSULTS FOR 65* CERf'ÀnqrY, S30,000 CÀPITÃL

Quota levels
1000 bus.-) 20

tj (x.) -qta.=20 ç3l-,347

¡, ¡¡.¡ -qta.=25I' l-

20 25

ç25,626

$24,381

92

156

734

L44

300

30

4q!¿Y¡!icq
ø'l¡-g^
owrnÏ
Q9¡SB:
ørsBÏ
hEts:
rwsg

ffiö
OSBl
noo(J

ffiËi
xlts:

is:e
B-snf

*"^
s^tFcY
owEci
g/Gc;
ø"EE;
ø{sc:
Of^tSC:

f,ùFe:
T,íFC9*d
l$q
vE.c;

ffi:
ffii
TSC:
rscÏ
)trrc_'
xsc!*(,

L:-Smf

"*^ø{FE;
o9isl
oeûæ:

WEE:
I,FEY
!,lSE-a

eüsE9

ffiö
ffiô
lFel .

isi
ÞsnÉ

330

27

104

844

346

310

25

$30 ,010

223

104

46

44 44

46 92

I

150

50

Srmnerf allow Percentages

r42.

Mir{ed
Percentagies

20 25

$27,045

ç25,794

248 248

2r2

20 25

s18 ,190

$16 ,957

In .Acres

184

403

L97
300

184

250 30

602

64

602

270

298

600

50

300

50

50



AABLE 89

CROPPING RESULTS FOR eSS CtrI{IAIMIY, 925,000 CAPIrAL

Srmnerf a1 loçv Percentaqes

143,

lrixed
Percentages

Quota leve]s
1000 bus.Ð 20

¿. 1x. ¡ -qta.=20 $28,602
.JJ

¡. i¡.1 -qta.=25
l' I'
åsliylêes

$ffi:
QV¡SB:

avse!
hTts^.
v¡r's9

ffiåi

ËBe

ffiËi

å
ovr¡c^
OÍ^IFCÏ

ariFcj
oviFc:
ø¡¡ci

öFcg
öñ1

410

600

L2

$27,362

600

12

20

s22,4r5

5

276

87

300

30

$21,168

460

94

92

90

20 25

$16 ,130

çr4,882

184

600

600

60

600

60

20

ç23,736

25

$22,467

19s

125

105

50

ö^ä1
ahsc:

ffig*q
vwrc;
9TFE;

ffi:
ffil
ffii
vEn'
xscX

. xscX
: C-snf

"*^øurY
øml
S^iffiY
vmnl
vsrn9
tlsel

ffiô
ffiö
xenl

ffii
rs¡¡É

300

'30

740

600

300

50

fn Âcres

50



TABLE B1O

CRoPPING FESUITS r¡OR658 CE|{IAINTY, $2O,0OO CAPIIAL

208

Quota levels
| 000 bus. -)
¡ ¡a.¡ qta.=20
l' l-

üi (xr) -sta.=2s

ê4iy¡lreq
QÞ¡rs^
ø4rFtsÏ
OWSB:

ø,lSBY

ffiö
ffi3ö

ff3i
ffi3i

#3e
xsBf

¡i-sIü

ffii
afirr;
OIr¡Fq
ø"EC;
af¡sc;
Ot¡SC:

ffii*d
fütr;
T{FC;
I,JSC:
v{scÏ
osc:
oscï

ffii
)<EC:
vc¡u
Ëg

C-srÉ

"t*^ø^¡FEY
QJS^1
qüsY

ffiö
ffiö
ffiö
ffiö
sel .

ffiI
E-snf

20

ç24,820

25

ç23,613

20

$18,554

92

300

300

30

çr7,326

460 460

67s

309

ê

Sunrerf allc¡p Percentages

r44.

ltixed
Percentages

25

$18, 610

358

20 25

$10,193

$10 ,160

In Acres

460

184

486 296

300

50

300

50

50



TABLE 811

$69,000
CRoPPING RESLTLTS ruOR 8O* CEt{l'ÀI¡[Y, S35,0OO CÀpITÀIr

$3o, ooo

Sunrerf allcr¡/ Percentaqes

08

Quota l-evels
1000 bus.Ð 20

t. (X*) qta.=20 $24,954)J
ti (xr) -ta.=25
¡s!r&!¿es

20 25

$20 ,198

$18,986

92

276

92

156

300

30

25

$24,05r

Of^¡¡ts-

oen'BÏ
QVJSB:

O!¡SBY

ffiö
ffi:i
Ë3r

H::
XFB;

i:Ëe
B-sntr

**--
ør'ci
S'IFc;
O9Etr:
ørci
ø,EC:
øsc!
I'IFC:
v¡rcY
vsrel
vrcÍ
?üe;

ffii
ffii
TSC-'
rsc!

iäi
xscï

C-snf

",*^süEY
øtse-å
øseY

ffiö
ffiö
ffiö
Hå
;Ë1
isi

P-snf

460

740

450

310

150 30

50

40r

20 25

$13 ,949

ç12,763

In Acres

184

600

169

600

60

L4s 
"

I.tixed
Percentages

20

ç2r,4L2

300

50

25

s20,184

550

300

50

460

106

350

]..94

50



TABLE 812

CFOPPING RESULTS FOR 8OB GT{IATN'IY, $25,OOO CJ\PTTJ\L

' SìJftrerfallcr¡, perceritages

Quota levels
'000 bus.-.} 25

ç22,729

r. (x-¡ -9ha.=20 $23,619

,J ¡*J ¡ -qta.=25
l' _l-

Activit-ies

20 25

ç78,454

sL7,32'7

Qt4llts^

oerF89
oI4sB^.t

OWSBY

ffi'
ffiåô

Ëåö

i€3:
X¡ts:
xssY
xsBS

B-snf

*""
g,ùFCY

QiGC?r
ceEq
Qf,EA;

ffit
ffie
frFtÇ
vEc;
I,,¡FCi
f,,¡SC^{

t4sc:
æc:
oscÏ

ffii
)FC:

ffii
C-srû

"*"Ot,lFE:
g'¡sE:
s{sY

ffiö
ffiï
og:
os9

ffiö
Fel .

ffii
E-s¡nf

460 302

158

92

276

92

276

92

300

92

300

276 s65

300

30

300

30

40t

20 25

s].z,765

$11,638

L46.

Àtixed
Percentages

20 25

s79,529

$18, 357

289

L25

t1

600

184 18+

92 92

20 193

300

50

300

50

60



TABIE 813

CROPPING RDSULTS rOR 8G C!;Rti\INTl, $20,000 CÀPIIAL

Surr.erfallcx^¡

r47 
"

l{ixed
Percentages

Quota levels
r000 bus.-)

r. (x.) qEa.=20
I l-

r. (X.) -qta.=251' 1'

ês!¡vrlicq
QT,IFts^

oti!.sY
owsB-.t

øiSBY
hTts1
I,¡Ftsg

visBÍ

HT;(À>ö^

osB;

ä3r
ffi
xsn!

tismf

"*a^or#ci
QwFCr-
ølFC:
ø^lFa;
a9¡sc:
arisc;

WFE:
v¡rcY
rGd
vEc;
vwc;
!'lSC:
I4ìSC:
osc:
oscÏ
TSC;
TSC;
)G'C:
xscy
xsc:

c-snf

"^*^g,{EEY
qilsEl
ø¡SEY

T..IFE:

ffii
vqsY

ffiö
ffiö
xm4.
"äoËg

E-srnl

$19,913

20 25

$14 ,9r9
çr4,2r5

92

276

92

300

300

30

300

30

20 25

s17,313

$7, 313

20

ç1.6,L74

25

çL5,243

u1

243

460 460

300

740

242

300

só

In Acres

50



APPENDTX C

EXPECTED INCOME E (t- ) FOR
J

THREE LEVELS OF CERTAINTY



TÄBLE Cl

EXPECTED INCO}iE E(I,)=õ.X. FOR 50'J' ))

l-49

PER CENT CERTATNTY

Summerfall-orv Percentages

Capital
Level

$69, ooo

35r000

30 r 000

25 r 000

20 f 000

Capital
Level-

$69, ooo

35,000

30r000

25r000

20r000

Quota
LeveI

(bushels )

25,000
20, 00 0

25r000
20r000

25 r 000
20 d 000

25r000
20,000

25 r 000
20,000

Quota
LeveI

(bushels )

25,000
20r000

25,000
20r000

25,000
20,000

25 t000
20r000

25r000
20,000

-!3
Ë 42 ,659

4L Ì 4Ir

42 ,659
41, 411

39 t048
37 e799

34 r 181
33,156

28 | g6I
28,l-04

0?

ç42 ,659
4L,4Lr

42 ,659
4I,4Il,

37 t777
36 | 4L2

33 ,407
32 ,04L

28 ,822
27 ,457

202

ç37,075
35,826

35 ,7 97
34 t548

31rB0B
30 ,59 g

27 ,]-34
25 t9 4L

2I,9L4
2L,057

202

$35,592
34,220

35 ,592
34,225

3l-,7 67
30 ,4rg
26,506
25,IAL

2I,Bg4
20,54r

402

$29 ,960
28 ,7 09

27 ,gg5
26 t7 45

24,564
23 ,3r4
19rB8B
18 r 638

12,720
11,017

40e¿

ç27,540
26 ,17 2

27,540
26 tL1 2

24 | 663
23 | 3L3

l-9,573
LB t226

12,686
11, 017

Fixed As To
Soil Type

$39r066
37 tBIT

3g ,07 4
36,825

33,926
32 ,683

28 tTBL
27 ,924

23 ,561
22 ,7 03

TABLE C2

BXPECTED TNCOME E(t..)=õ-X- FoR 65 PER CENT CERTATNTYJ JJ

Summerfallow Percentages

Fixed As To
Soil _rype_
$39,066
37,8I7

38 ,07 4
36 tB25

33 | 302
3rì947

28 | 056
26 | 695

23 | 456
22 ,0BB

.o)Î,J]j) INOTE: E (t (c-z in this case.



1s0"

EXPECTED INCOME E (t.l

TABLE C3

) =õ-x- FoR Bo PER CENT CERTATNTyJJ

Summerfallow Percentages

Capital
Level

$69 r ooo

35 r 000

30r000

25, 000

20 ,000

Quota
Level

(bushels ) i

Fixed As To
Soil Type_.

$3! | 642
31 | 070

3I,642
31r070

3r,642
3J.,07 0

28 ¡056
26 ,695

23 | 456
22 t0B0

__qå

$35,704
34 ,602

35 t7 04
34 ,602

35,704
34,602

33 ,407
32 ,0 4I

28,822
27,457

202

$29, B5B
28 r3rg

29 | B5B
28 | 3l-9

29 , B5B
28 ,3Ig
26,506
25,I4l-

22,r32
21,113

40ea

$21,980
20 ,4r4
2L,990
20 ,4I4
2L t9g0
20 ,4L4

lBrBB3
18 r 753

12 | 635
11, 017

25 r 000
20 ,000

25, 000
20r000

25r000
20r000

25 r 000
20,000

25 r 000
20, 000

¡ToTE: E (t j ) I rc-z )o)'xj in this case.



APPENDTX D

STANDARD DEVTATION OF CROPPING PLANS (crt 
. )l

FOR THREE LEVELS OF CERTAINTY



used in

where,

Capital
Level

$69,000

35,000

30,000

25,000

20r000

Lk(x'vx)-2 =(r
i-ì
J -_L

Presented below

the equation,

?" E(rj)
Í; : 

-=T_

r (x 'vx) 
-2

rs2.

are the standard deviations to be

n3,'6-=t.
)

x?¿ll

T.ABLE DI

STANDARD DEVTATTON OF CROPPING PLANS FOR 50 PBR CENT CERTATNTY
(in dollars)

Summerfallow Percentages

Quota
Level

bushels
25,000
20,000

25, 000
20r000

25 r 000
20 r 000

25,000
20r000

25r000
20r000

ç28 | 687
27,483

28 ,687
27 ,483

28,384
27 t169

24 r200
26 t205

15r805
19,465

20e"

$26,038
26,081

2I,902
2r,647

18r760
IB ,622

L7,643
17 ,864

11, 509
14,I37

402

$36,045
33r148

24 t220
25,226

17 t059
16,138

L3 t17 6
12,9g6

12,200
12,003

Fixed As To
Soil rypg
ç29 ,463
28,836

26,657
25,537

25 ,428
24 | 682

17,852
22,850

11rB3B
L4 | 497

0u



STANDARD DEVIATION OF

153 "TABLE D2

CROPPII'JG PLAI'IS FOR 65 PER CENT CERTAINTY
(in dollars)

Summerfal lorv Percentages

Capital
Level

$69, o0o

35,000

30r000

25,000

20,000

Quota
Level

(bushels )

25r000
20r000

25r000
20r000

25 ,000
20,000

25 r 000
20r000

25,000
20 r 000

$28 ,829
28 ,07 B

28 | B2g
28 t07g

L4,952
14r036

L3 ,2IL
11, 675

13 r 063
11,698

202

$22,9L7
22 ,052

22,9L7
22 ,052

15r841
15r333

10 r 378
9,323

9,955
B tB37

402

$30,169
30r095

30r169
30r095

14, 339
t3 ,607

11 r 554
11, 552

9,70I
9 ,665

Fixed As To
Soil Tvpe

ê-é L

ç29,356
28 ,652

28 ,685
27 ¡839

I4,849
14,77L

L2 ,094
11,378

II ,7 66
lI t5I2

0u

STANDARD DEVIAT]ON OF

TABLE D3

CROPPING PLANS FOR BO PER CENT CERTATNTY
(in dollars)

Summerfallow Percentages

Capital
Level

$69 r ooo

35r000

30,000

25 ,000

20, 000

Quota
Level-

bushels
25r000
20,000

25 r 000
20r000

25 r 000
20,000

25 r 000
20r000

25 r 000
20,000

çl-4 | 452
12 | 823

14 t 452
12,823

14 ,452
12,823

13,927
12 r 081

13,535
12 | 2L6

202

$10,546
9,166

10, 54 6
9,l-66

10,546
9,166

10,3BB
9 t304

9 t626
B¡749

402

$11-,858
10 r 371

11rB5B
10 r 371

11,858
10,371

LI,B32
l-0,279

9 t668
9,668

Fixed As To
Soil Tvpe

$12,688
11,868

12 | 68g
11rB6B

L2 ,6BB
11rg6B

12 | 469
11r909

12 tLg6
11,519

0u



APPENDTX E

PROBABTLITY OF CROPPING PLANS

ORÏGTNALLY FORMULATED AT THREE LEVELS

oF CERTAINTY, EXCEEDTNG $25r000



155.

Probability of pre-determined cropping plans sub-

jected to average net prices õ* exceeding a specified level
l

of income, in this case $25,000, is determined byt

r= E(ri)
v. ="J

(x'vx) L

TABLE El

PROBABTLTTY OF CROPPTNG PLANS,
FORMULATED AT 50 PER CENT CERTATNTY,

ORIGINALLY
EXCEEDTNG $25r000

Capital
Level

$69,000

35 r 000

30, 000

25, 000

20,000

Quota
LeveI

(bushels )

25r000
20r000

25,000
20 r 000

25 r 000
20,000

25r000
20,000

25r000
20r000

-.6155(73)
-.597L(73)

-.6155(73)
- "5971 (73)

-.4949 (69)
-.4710(68)

-,3793 (65)
-.3LI2 (62)

-.25C6 (60)
-.1594 (56)

-.4637 (68)
-.4150 (66)

- " 4929 (69)
-.4410 (67)

- .3628 (64 )

-.2985 (62)

-,I209 (55)
-.052 6 (52)

+.2681 (39)
+"2789(39)

-,L37 6 (56)
-.11-18 (54 )

-.r237 (ss)
-.0691(53)

+ "025s (49)
+.10 44 (46)

+.387g(35)
+.489e (31)

+1.0065(i6)
+f .15 62 (L2)

Fixed As To
Soil Type

- ,477 4 (68)
- . 4444 (67 )

-.4904 (69)
-.4630 (68)

-"3s10(64)
- "3rL2 (62)

-.2117 (58)
- ,r27 9 (55)

+" 121s (45)
+. 15 B4 (44)

0%

Summerfallow Percentages

202 402

NorE: Frobability expressed as perccntages in brackets.
Determined by entering value of y; in Table Il4 and
finding area under normal curve" J



156.

PROBABILTT.Y OF
FORIIÍULATED AT 65 PER

TABLE E2

cRoPPrNc PLANS,
CENT CERTATNTY,

ORTGTNALLY
EXCEEDING $25, OOO

Capital
Level

$69, ooo

35, 000

Quota
Level

bushels
25,000
20,000

25 ,000
20,000

- .6125 (73 )

- . s692 (7 2)

-.6L2s (73)
-.5692(72)

-. 8545 (80 )

-. B13o (79)

-.63 63 (7 4)
-.6030 (73)

-.2925 (61)
-.2]-00 (58)

- " 462r (68)
-.4181(66)

-.4621(68)
-.4181 (66)

-.4271(67',)
-. 3534 (64 )

-.1451 (56)
-.0151 (51)

+. 3120 (38 )
+. 5045 ( 31)

-.0841
-.0399

-.0841
- " 03gg

-235 (49)
r23e (45)

+.4697 (32)
+. 58 62 (28)

+I.2693 (10)
+I. 4 467 (7 )

Fixed As To
Soil _Type

-.5590 (71)
-.4703(68)

-.2523 (60)
-,L489 (56)

+.1312 (4s)
+.2529 (40)

0e

Summerfallow Percent.ages

20e" 409.

(53) -.47e1(68)(s2) -.4473 (67)

(s3) -.4ss7 (68)
(sz) -"4247 (66)

30 r 000 25,000
20r000

25, 000 25, 000
20 r 000

20,000 25,000
20,000

TABLE E3

PROBABILTTY OF CROPPTNG PLANS,
FORMULATED AT 80 PER CENT CERTATNTY,

ORÏGINALLY
EXCEEDTNc $25r000

Capital
Level

30 r 000

25r000

Quota
Level

bushels )

25 r 000
20 r 000

25 r 000
20,000

- .7 406 (71)
- .7 488 (77 )

-,7406(77)
-.7488 (77)

-.7406(77)
-.7488 (77)

-.2823 (61)
-. 2011 (58 )

-,4606 (68)
-.3620 (64)

- .4606 (68 )
-.3620 (64)

-.4606 (68)
- " 36 20 (64)

+.2979 (38)
+.4442 (33)

+"25 (40
+.442I (33)

Fixecl As To
Soil Type_

-.5234 (70)
-.5114 (70)

-,5234 (70)
-. s114 (70)

-.5234 (70)
-.5114 (70)

-.2450 (60)
- .1423 (57 \

0e

Summerfal low Percentages

202 402

$69,000 25 r 000
20,000

35 r 000 25, 000
20r000

-.6036(73) -.L449 (56)
-.5763(72) -.01s1(5r)

+.2546
+ ¿.Á.21

+.2546
+,442L

+ " 5169
+,6077

(40¡
33)

40)
33)

30)
27)

20 r 000 25,000
20r000

+I.2789 (11) +.1265 (45)
+1.4463(7) +,2534 (40)

NOTE: Probe-b j-lity expressed as percentages in brackets.
Det.ermined b1z etttering value of y, in Table E4 and
'F i nr'l i nrr e roa rrrrr-ìpr t1ôrmâ I arrtlra - J



TABT.,E E4

Area under the Nornnl Curve, f'(y)t

1s7.

"00 .02"01 "08.07 .09.06"05"04.03

.0
"1
.2
o3
.4

,5
o6
.7
.8
o

1.0
1.1
L.2
1.3
1.4

1.5
1.6
1.7
1.8
1.9

2.0
2.I
)')
2,3
2.4

2"5
2.6
2,7
2"8
2.9

3.0
3.1
3,2
3.3
3.4

.5000

.5398
,5793
.6L79
.6554

.691.5
,7257
.7580
. ?BB1
.8159

.8413

.8643

. BB49

.9032
"9L92

,9332
.9452
.9554
.964L
,9713

.5040 .5080

.5438 .5478

.5832 .587.1

.62L1 .6255

.659I .6628

.6950 .6985

.729L .7324
,76rL .7642
.7910 .7939
.8186 .8212

.8438 .946L

.8665 .8686

.8869 . BBBB

.9049 .9066

.9207 .9222

.5120 .5160

"5517 .5557
.5910 "5948.6293 .6331
"6664 .6700

.7019 .7054
"7357 " 7389
.7673 .7704
"7967 ,7995
.8238 .8264

.8485 .8508

.8708 .8729

.8907 "8925
"9082 .9099
.9236 .925L

.5199 .5239

.5596 .5636
,5987 .6026
.6368 "6406
.6736 ,6772

.7088 "7123.7422 .7454
"7734 .7764
.8023 .805I
.8289 ,8315

.853i .8554
,8749 .8770
.8944 .8962
.9115 .9131
"9265 "9279

,5279 .5319 .5359
.5675 .57L4 .5753
.6064 .6103 ,614I
.6443 .6480 .6517
.6808 "6844 ,6879

.7157 ,7190 "7224,7486 "7517 .'7549
,7794 .7823 "7852.8078 .8106 .8133
.8340 .8365 .8389

"8577 .8599 .862r
.8790 .8810 .8830
.8980 .8997 .9015
,9147 "9i62 .9L77
.9292 .9306 .9319

.9345

.9463

.9s64
"9649
.9719

.9772 .9779
,982I .9826
.9861 "9964.9893 .9896
.9918 .9920

.9938 ,9940

.9953 .9955

.9965 .9966
"9974 .9975
.9981 .9982

.9987 .ggg7

.9990 "999L.9993 .ggg3

.9995 .ggg5

.9997 .9997

.9357

.9474

.9573

.9655

.9726

.9370

.9484

.9582

.9664

.9732

.9783 .9788

.9830 .9834

.9868 .9871

.9898 .9901
,9922 .9925

.9941 .9943
"9956 .9957
,9967 .9968
"9976 .9977
.9982 .9983

.9987 .9988

.9991 .9991
"9994 .9994
.9995 "9996.9997 ,9997

,9382
.9495
.9s91
.967L
.9738

.9294

.9505

.9599

.9678
"9744

"9793 ,g7gB
.9838 .9842
.9875 .9878
.9904 .9906
.9927 ,9929

,9945 .9946
"9959 .9960
"9969 .9970
.9977 .9978
.9984 .9984

.9988 .9989

.9992 .9992

.9994 ,9994

.9996 "9996.9997 ,9997

"9406
.95r5
.9608
.9686
"9750

.9418

.9525

.9616
,9693
.9756

.9803 .9808

.9846 .9850

.9881 .9884

.9909 .9911

.993r ,9932

.9948 .9949
,996L ,9962
"997I .9972
.9979 ,9979
.9985 .9985

.9989 .9989

.9992 ,ggg2
"9994 .9995
"9996 ,9996
,9997 .9997

,9429
.9535
.9625
.9699
,9761

"944L
.9545
.9633
.9706
"9767

.98L2 .9817

.9854 .9857
,9887 .9890
.9913 "9916.9934 .9936

.9951 .9952

.9963 ,9964
,9973 .9974
.9980 .9981
,9986 .9986

.9990 .9990

.9993 .9993

.9995 .9995

.9996 .9997

.9997 .9998

Percentage Poj:its of tJle Normal DistributioJ

,75 .90 "95 .975 .gg .gg5 .gg .gg5 .gggg5 .ggggg
.50 .20 "10 "05 ,02 "01 .002 .001 "0001 .0000i

0,67 I.28 I,65 1"96 2,33 2.58 3.09 3,29 3.891 4"4L7
-L

'F(y) Ís the area under the no::lnâI qurf/e frcsn - oo to y: is hvice the area frccn
y to oo (are¿; frc,in -oo to -y plus Lhe area frorn y ø oo) o

Source: Änderson, R"L. and Bancroft, 'T.A."; 
Fçatisli.j:q}_ W"

Neu Yorko Nø,v York, McGraw-Ilill Booffi: j1r"- -


