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Abstract:

Northern Great Plains ranchers contemplating a sunken investment in range development face the
problem of arriving at and properly discounting expected increments to net ranch income. Methods of
determining mean expected increments to net ranch income are made in terms of long run averages
rather than determining the increments as they occur over time.

The discounting process for time preference is quite well developed. However, the problem of selecting
the proper discount rate is"somewhat obscure. The method of valuing such-sunken investments does
not presently have adequate criteria to value the effect of risk and uncertainty.

The approach to the problem is in four phases. First, the method of extrapolating expectations was
based on Hart’s three principles plus a fourth principle added by the author. It was established that the
time preference discount process should account for time preference only, using !Keynes’ three factors
to determine the cost to hold money. An Uncertainty Correction factor (HG) which is a function of the
Coefficient of Variation (CV) was developed from the indifference analysis of variation and effective
income used by Lange and the Lutzes. The above mentioned approaches to the three main problems
were then combined in an attempt to apply them in valuing a sunken investment.

The method of valuing which was developed represented a framework for valuing rather than an
operational method of valuing. The importance of properly valuing the effect of risk and uncertainty on
both the individual rancher and society is considered. The study reaches conclusions which are general
rather than specific, inasmuch as the solutions to the three main problems mentioned are of. a largely
psychological origin.
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ABSTRACT

Northern Great Plains ranchers contemplating a sunken investment in
range development "face the problem of arriving at and properly discount-
ing expected increments to net ranch income., Methods of determining mean
expected increments to net ranch income are made in temms of long run
averages rather than determining the increments as they occur over time,
The discounting process for time preferente is quite well developed, How-
ever, the problem of selecting the proper discount rate is somewhat ob-
scure. The method of 'valuing ‘such' sunken investments does not presently
have adequate criteria to value the effect of risk and uncertainty.

The approach to the problem is in four phases, First, the method of
extrapolating expectations was based on Hart's three principles plus a |
fourth principle-added by the author. It was established that the time
preferenceé discount process should account for time preference only,
using Keynes' three factors to determine the cost to hold money., An Un-
certainty Correction factor (UC) which is a function of the Coefficient
of Variation (€V) was developed from the indifference analysis of varia-
tion and effective income used by ‘lange and the Iutzes. The above men-
tioned approaches to the three main problems were then combined in an
“attempt -to- apply- them in-valuing a sunken investment. '

‘The method of valuing which was developed represented a framework
-for valuing rather than an operational method of valuing, The importance
of properly valuing the effect of risk and uncertainty on both the individ-
ual rancher and society is considered. The study reaches conclusions
which are general rather than specific, inasmuch as the solutions to the
three main problems mentioned are of a largely psychological origin,
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I. The Problem, gnd Associated Definitions and Assumptions

The formulation of a problem cénsists of establishing the boundaries
of the problem and identifjipg the contents within these boundaries, The
clarification of the problem will not come about until the solution, or
attempted solution, is pi'esented° |

- This problem is identified as "the difficulty which arises for the
planning agent in the area of decision making with regards to the valua;
tion of a sunken investment®, .In this partiéular case, thelplanning
agent is a livestock ranchef in the Northern Great Plains, The task at
hand is that of either finding or developing the method of valuation which
is best suited for the geographic area and the type of enterprise in
guestion, The problem approach will consist of three phases, First,
the method of valuing which it is assumed randhgrs are prbne to use in
practice will be developed. .Secondly, a method of valuing a éunken
investment will be presented which is based on pure theory. -Thirdly, a
model of valuing will be presented which will be an attempt to utilize
the usable portions from both the first and second methods,

A “sunken investment" is an investment which when once made becomes
an intrinsic part of the land. ﬁowever, certain qualifications of the
abéve definition should be made,

| The mobility or immobility of an investment is a relative, not an
absolute concept. .Some investments may be moved or sold apart from the

‘1and with various degrees of ease (or difficulty)., .Immobility itself is
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not the sole criterion of a sunken investment, -For this paper, a sunken
investment Will be held to exiét when the following qualifications are
mete

1. -The investment has to do with aecquisition of new land, or the
development of old land., The investment is not‘expected to have a scrap
valiie, The investment is calculated to effect the slope and/or shape of
the ranch¥s total product function,

2o The investment is made with the intent qf utilizing it for more
~ than one production cyclec.

To analyze the intentions of a man is a difficult procedure., Even
_the man committing the act may find it impossible to know his true intent,
In the case of an investment on the part of a rancher, he must answer
this question himself, for he dlone can know his intent. - In answering,
he must be realistic enough to give himself a relevant answer as to his
intentions with regard to the expected life of his investment, .E/

A suﬁken invéstment is such because of both purposé and intent. The
classification of investments as to sunken or not is based on a discreet
decision of the rancher, Opinion méy vary on border line cases, but a
clarification of the inteﬁt of the investor should determine whether or

not the investment is sunken,

l/’gTb explains A rancher spends say, 550 in digging a well, The well
is literally, as well as physically, a sunken investment. .Economically
speaking, such a well may be anything but a sunken investment, -If such
a well were dug to enable a rancher to sell a half section of land, and
the well was dug with this purpose in mind, the investment is anything but
sunken to the primary investor, '
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The internal costs and revenues'are assumed te be the causal factors
which will be the basis upon which the entrepreneur will base his decision, ‘
Undoubtedly, the causal factors are of an almost infinite nﬁmber. Many
of the camsal factors are of an intangible nature and many enjoy a complex
inter=relationship with other causal factors.

This multiple hodgepodge of causal factors seem to present a Gordian
knot to the investigator. TFor certainly, an unraveling would entitle the
doer to recognition, master of a wide scope of knowledge, No such noble
goal will be the purpose of this paper. In ordef-to understand or analyze
a pfoblem of such intricacy, it is often found necessary to examine only
those most relevant causal factors., Such a practice will be followed iq_

- this papéro However, it will not be presupposed that those 1ess,re1evaht
Eausal factors may be ignored completely, for oft times the aggregate
effect of the less relevant causal factors will exercise a governing
effect on the decision in question,

Since this paper will be concerned with the problem of evaluating-
fixed investments on range land (range development) in the Northern
Great Plains region, it is only appropriate that tﬁe n;ture of rénge land,
with special reference to the area in question, be defined_and examined,

Thé formal definitions of range may be said to number only slightly
fewer than the definers, The Congress of the United States saw fit to

define western range as followss g/

g£36The Western Range, Senate Document 199, 7hth Congress, 7nd Session,,
1936, ' :
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"The Western range is largély open and unfenced with control of

stock by herding; when fericed, relatively large areas are enclosed. It .
supports with few exceptions; only native grasses and other forage crops,
is never fertilized or cultivated, and can in the main be restored and
" maintained only through control of grazing. It consists almost exclusive=
1y of lands, which because of relatively meager preqipitatioﬁ or otﬁer
advefse climatic conditions, or rough topography, or lack of water for
irrigation, camnot successfully be used for any other agriculture.®

" The completeness of the above definition may be questioned, especial=-
1y in light of the purpose of this paper, Yet, it is felt the definition
. is generally good, -

.The first questionable passage is the "never fertiligzed or cultivated,"
If "éeldom", tpractically never® or some such meaning phrase repléced the
word ﬁéver, the definition Woula be much more correct, Brush'eradiéation,‘
range reseeding, and other such ?ange.development programs involve varyiﬁg
degrees of cultivation, The mere'act of cultivation need not change the
basic properties of range land, Reseeded range land is used in practical-
ly the same manner as it was b;fore thé reseeding, . Usually, the intensity
of use increases directly with the intensity of cultivation, . Fertiliza-
tion is practiced to a lesser degree than cultivation, but fertilizing
may still be profitable, Trace mineral fertilization of range land in.
Australia has proven this,

The mentioning of "adverse climatic conditions™ in addition to
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inadequate rainfall as a limiting factor in land use, merits some
additional attention for this particular area, Prevailing winds, length -
of growing season, etc.; may place limitations on the land use that
precipitation may not entail. Such limitations are, however, usually
quite unimportant when compared to the limitations éaused by precipitation,
‘Variance of annual.preciﬁitation and variance of seasonal distribution
will, if the variance dips below the "critical level®™ for dryland farming
often enough, restrict land use to that of range., It is poteworthy to
mention that the ﬁaverage year®™ seldom prevails, Saunderson mentions

the "mythicéi“'character of the average year in this area in his discussion
of fluctuating grazing capacities, 2/ Aiso‘of particular interest is the
type of distributioﬁ the average rainfall pattern makes for the Northern
- Great Plains, There seem to be a non=cyclical groupings_of like averages,
Clawson ‘discusses this at some leng%h'aﬁd develops a means of statistical
classification,. b/

| The-uncertainty of annual precipitation may not 6nly prescribe the
" intensity of use to which a land should be put, but may also determine
the flexibility this intensity should enjoy. -This will be discussed

later,

3/ M. H, Saunderson, Western Stock Ranching (Univ. of Minn, .Press, 1950),
PDPo 103“’10)40

g/ Marion Glawson, The Western Range Livestock Industry CMcGraw«Hlll
Book Coo.y 1950), ppe -il=kli.
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IT, - A Description of the Method of Valuing Commonly Used by
Commercial Livestock Ranchers in the Northern Great Flains,

The purpose of this section will be the presentation of a formalized
expression of the metﬁod of valuing commonly used by livestock ranchers
in the Northern Great Plainéo- It is not held that all ranchers act in
the following manner, but it is felt that the principles presented are
in wide acceptance,

Consciously or-unconsciously, the rancher bases his valuing method
on the principles of the theory of the firm, However, the valuing ‘
method for the rancher is guite apt to be in much more informal terms
than those used by the economist. For the purpose of clarity, economic
expressions will be used to identify the various principles of the theory
of the firm,

-Queﬁemoen,'while working on an actual problém of this type, defined
the theory of the firm as Wa general set of principles relating factors
of.pfoduction into an econémic unit capable of producing economic goodé&i/
Such a definition seems acceptable for this paper.

The next task will be that of exposing the content of the theorj of
the firm as it is apélied by the ranchers to the problem and the area in
question, The examination of the content of the theory of the firm will .
be restrictive in the sénse that any presentation will be.- an intrinsic

part of the explanation of what ranchers ére agsumed to doe

é/ M, E. Quenemoen, Economic Aspects of Water Spreader Developments on
outheastern Montana Ranches (Mimeo Tircular 69, Dec., 1952, Ag. Exp. Sta.,
Montana State College, Bozeman, Montana) pe 17,
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Where profit maximization is held to be the goal of a rancher, as is
the case for a "pure economic rancher", the point of profit maximization
is determined by specific relationships of cost and revenue factors; g/
While ranchers are not ﬁpurely economic®, it is felt that the primary
valuation of a sunken investment is made by the rancher with economic
responses in mind,

A, A Consideration of Revemue Factors, The realistic assumption of

a purely competitive market for the seller will greatly reduce the scope
of a rancherts investigation of revenue facfors° A firm with a purely

competitive market for its goods is one in Whiéh every firm sells such

.a small percentage of any commodity that its effect on the gommodity price

is insignificant, and the price is the same to every seller,

The above assumption seems realistic as far as the Northern Great
Plains‘livestock rancher is concerned, The prices paid to éach rancher
may in effect ﬁary depending on the rancher!s bargaining powers since
livestock products are not perfectly homogeneous products, However, for
theoretical purposes, these small differences may be neglected,

Under pure competition, the price received for a unit of commodity

will be constant with respect to'any Tevel of production for a single firm,

g/ If losses are considered as negative profits; maxlmlzatlon of profits
will 2dlso include the minimization of lossess
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Both the marginal reverie and qvégége*reienqe &irves will ‘doincide ﬁitﬁ
the priece line, .

In the above discussion, it was implied that price is a single
walued expectation held with certainty. Such is not the case, unless the
.rancher either made his analysis ex post, or he pquessed perfeét know=
ledge as to future prices at the time .of analysisﬁ. If made ex post, it
would have been a fact, not an expectation. - An equilibrium position fof
a sunken investmeht involves one or more forwérd positions in time. ?he
distance of these forward points from the present may vary from,the very
npext moment in time to some point in the far distant future, .The greater
ﬁhe length of this projecti%n period, the greater the uncertainty of
predicting an expected price,

Two types of outcomes are possible in fubure expectations, They are
risk and uncertainty. "Risk refers to variability of outcomes which are
measurable in an empirical or quantative measure®, é/ In contfast,.
Wncertainty is always present when knowledge of-the future is less than
perfect in the sense that the pardmeters of the probability distribution -
cannot be determinedt, E/ The type of outcome of expectﬁtions accompanys . -
ing ; sunken investment will be both uncertainty and risk, with uﬁbertain—

~

ty'in expectations predominating., Expectations of the future may be

3/ E, 0, Heady, Economics of Agricultural Productlon and Résource Use,
Prentice=Hall, New York, 1952), Po. 10

_/ Ibidop jor tho
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determined, but it is not possible to assemble enough observations to
predict the exact parameters of the probability distributioﬁifor expecta=
tions in the case of a commercial rancher, While the exact parameters
cannot be established for many of the brobability distributions of the
rancherfs expectations, the parimeters may be known with enough certainty
' to treat.them as known., It is on this basis that the treatment of
uncertainty will be more rigorous than Heady*s definition would allow,
Risk and uncertainty will'receive common treétﬁent and will be jointly
referred to as-uncertainty,

The measurement of uncertainty may be determined-by the magnitude‘

of variation., The results. are therefore subjective in nature, The degrée

. of uncertainty is indicated by the characteristics of the probability

distribution which surround the expectations in question., The unweighted |
. consideration of the Sﬁbjective probability“diétribution is in terms of
the variation present., Variance, standard deviation, ranée qf expected‘
values, the degree of-skewness,‘and the degrée of kurtosis are the
measurements of variation, -

A skewed probability distribution is asymm{etricai° Kurtosis indicates
the degree of peakedness or flat topness which exists in a probability

distribution, 5/

Troxton and Cowden, Applied General Statistics (Prentice-Hall, New
York, 1939), pp. 23L=235, :
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The magnitude and character of variation is not the sole indicator

of uncertainty. Another indicator is that of the possibility of loss.

This will be discussed later. The magnitudinal measures of variation

are, however, important indicators of the possibility of loss.

Frequency

Frequency

Figure 1 .

Relation of Subjective probability (frequency) Distributions and

Uncertainty.
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Heady discusses some of the more prominent type of probability
distributions which may represent a rancher's expéctations for a certain
variable; in this case, price., Figure 1 is.the basis on which the'
discussion is made, é/ '

Figure 1A répresents a normal distribution of expectations..:A normal
curve exhibiting a greater standard deviation would entail greater
uncertainty, 1B is a righteskewed probability distribution which repre- )
sents a lesser chance of loss than is represented by 1A, 1C is a left-
skeﬁed probability distribuﬁion which reﬁresents a greater possibility
of loss than either 1A or 1B, Thé-U shaped probability distribution.in

1D indicates that there is about equsal chance of an extremely high or

low price, with little chance of an intérmediate price, Figuré 1E is a

~mirrored J distribution which has commotation similar to those of 1B,

The J distribution in 1F has connotations similar to those‘in_lc., The

" Wghance® of a higher or lower price than the mode are about equal in 1G

and 1H, but the probability attached to the mode in 1G is much . greater,
The price used in reaching a static equilibrium is an expected price,

The amount the expected price will vary from the present price is

measured by the elasticity of expectation. Z/ But inasmuch as the

6/ Heady, on_-Ci't'oz. Ppe US1=L453,

7/ TLange, Price Flexibility and Employment, {Cowles Comm., 19L4Y, pp.
20=21, ’ ' '
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e}asticity of expectations is never known with certainty, price expecta-
tions cammot be determined with complete eertainty. An entrepreneur
cannot rationally act on some definite unique value chosen indiscrim-
inately, At best, he can only choose a range of possible values, §/

Some particular price out of all possible prices may appear to the
entrepréneur as the most probable value, and this most ﬁrobable value
may become the basis of His expectations, The preciseness with which
the most probable price is expected to occur will depend on the range of
the probability distribution of possible prices aroﬁnd the modal price,

An zlterative basis of establishing the expected price is the use of
the mean of the probability distribution for expected prices, As in the
case of tﬁe modal expectation, the preciseness with which the averageupfipe
'-is;exﬁected'to occur will depend on the range of the probability distri-
bution of possible prices around the average price.

"If the distribution is truly normal, the mode, arithmetic mean, and
the median will be equal, Epwever, since many probability distributions
are not 1likely to be normal, there are some economists who favor the use

of the érithmetic mean as a basis to determine the most probable expected

prices 9/

_8=/ Ibid, Pe 29»

2/ Some of the advocates of the mean as a tool for dealing with uncertaine
ty, are A, Pigou, The Economics of Welfare, pp. 773=77hs Jo R. Hicks, A
Suggestion for Simplifying the Theory of Money, Economics Vol, 6, February,
359 PPe 1“190 !
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Either a single expected price, or a very narrow range of expected
pricesy, must be chosen, but now the choice may be more rational than if
a definite unique pfice had beén chosen with no formal réﬁognifipn of its
probability of occurrence, Lange states, "The greater the range, the
less definite the ex@ecfed price., The range can thus Ee taken as a
measure of the degree of uncertainty of the expectations. In most cases,
the entrepreneur or consumer does not considef the whole raﬁge of possible
values of the expected price, but disregards the extreme values at both
‘tails of the probability distribution, He does so because the join£
probébilities of these extreme values is too small to bothef abéut, - The
" range with the tail values thus cut off will be called the practical
raﬁge and will serve as our measure of the degree of uncertainty of price-
expectaé&ons? 10/

The rancher, in making a decision with regard to a future price,
will think in terms of a range of expectations, There are én almost
infinite number of possible (though not probable) prices which might be
expected, and these possible prices may be distributed over a great range.
Certainly, the entrepreneur camnot consider the complete.range of possible
prices, but, as Lange suggests, will deal with a practical range of ex~
pecﬁed prices, The upper and lower limits of the practical range may be

chosen common sensical or with some degree of mathematical precision at

a predetermined level of probability, Seldom does the commercial entre=

10/ Ibid., ppe 29, 30s
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preneur find it possible to compute mathematically the limits of the
practical range for a certain level of probability, but informally, he
will attempt to decide upon a practical range which has some unknown, but
high, level of probability. The more definite the value of the practical
range is, the better. However, such definiteness may be obtained only at

a cost

Quantity

Figure 2.

Range of Production Based on Expected Prices Where the
Marginal Cost Curve Is Assumed to be KnownJ

The rancher cannot bargain, he has but to accept a market price. He
must plan his production on one price or a narrow range of prices. As a
hypothetical case, an entrepreneur expects at the 95" probability level,
a Px between Pa and Pc as depicted in Figure 2. For the purpose of
illustration, it is assumed his marginal cost curve is known. If the
upper limit price of the practical range, Pa, occurred, he would produce

ga- If the lower limit price. Pc, occurred, he would produce gc. Since
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production is not an instanfaneous process, the entrepreneur must plan
to produce some quantity of X between qa and gc, the exact quantity being

e

dependent on some one price in the practicél range which the>entrepreneur-

.decides to act upon,

Some data have been collected by Williams at the University of
Tlinois with regard to farmers® willingness to assume various degrees of
uncertainty, __/ Willlams found a pattern of preference for Varlous
levels of income and the certainty of these incomes., Jensen found a like
result while engaged in a study of irrigated pastures in Montana, Jensen
discussed this concept i terms of income vuinefabilityq lg/

Examination of a hypothetical ranch investment wiﬁh regard to

~uncertainty of income for the investmernt is giveﬁ below. TFigure 3 gives

the practical range of expected prfbes Pa = Pc, the most probable P, Pb,
all prices for'the product of the investment, and an assumed marginal

cost curve for the investment.

__/ Williams, "Price Expectations and Reactions o Uncertalntv by Farmers
in Illln01s,"J.F.E., February, 51, Vol, XXXII, ppe 20=3Y. -

12/ C.W° Jensen, The Economics of Pasture Integration and Irrigated
Farms, (Mimeo Circular 67, July, 52 Ag, Exp, Sta,, Bozemar, Montana,

" PPo 7)4"780)
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Figure 3.

Possible Incomes Based on Ebcpected Prices Where the
Marginal Cost Ourve Is Assumed to be Known,

The problem is that of choosing some quantity of X as a production
goal. Suppose this rancher has an aversion to risk. The effective
expected price will lay somewhere below b. The greater the aversion to
risk, the nearer the expected price will be to c. It is extremely unlike-
ly that the P will fall below price c. Operating in light of Pc will
insure a net of variable costs income of at least cdo. The planned pro-
duction will be oe, It is very unlikely that a P greater than Pa will
occur. Therefore, the greatest net income which the firm could expect
producing oe will be ando. Therefore, a firm producing oe in light of Pc

may expect a range of incomes from cdo to ando, with a most probable net
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income of bmdo. : |

If this firm were to operate in light of the most probable P, 15b, of
would be producéd, With a range of incomes running from (cdo;dflg) to a
high c;f, arlo with an average net income of blo,. While the average net
income is greater‘in the second case (blo=cdo), the range of expected s
income is also greater,. In addition, any ‘entrepreneur oper‘étih‘g in l4ght
of price Pb increases the possibility of realizing a negative income,
(Range (edo=dlg) to arlo cdo to andc;)° ]____3/ This firm's aversion to -
risk may make the lower average net incomes acceptable because of the
lesser degree of variance, ll_,l/ ‘The introduction of fixed costs into tiqe

analysis would further complicate the quéstion of uncertainty,

13/ .-(‘cdo - dlg) = [aflo - (cdo = dlgﬂ> (ando = edo)
. Faiﬂlb 4 blo) = (edo = dlgj 7(and§ + cdo .= cdo) '.
(arlb + blo = edo # dlg) >ande
{(armb + nmlr + bmde # dlm 2 cdo = cdo # dlg) > ande
arge > andec by ndgr |
also, at Oe, min, profit is cdo, at Of, min, profii; is cdo =-dlg.
Hence, the price Oc involves not only less variability, but also

greater reward for the risk involved,

1L/ This situation is explained in Lange's Price Flexibility and
Expectations, pp. 31, footnote No. 7.
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o

Bo A Consideration of the Cost Factors. To reach a meaningful

deqisionz a rancher will accumulate knowledge of cost factors as well as
revenue factorso -‘Those cost factors which the rancher.is ultimately
concerned with are the marginal coéts of the physical product, Marginal
cost of output'(MC) = the price of the aggregéterf variables (Py) divided
by marginal physical product of the vafiable (MPPy) 6 The_marginél cost
for thé phyéical product is determined by (1) the brice of the production
factor and (2) the rate at which this production'factﬁr is copverted inton'
the physical product. .
- The cost of the production factor may be viéwed as (1) the unit 3

factor price, and (25 cost in terms of the amount of the production factof
needed t§ produce a.uqit of physical product. The unit factor price ié '
" of no vdlue unleSS‘the‘rate ét which the production factor is converted
into the end product is known. It may be assumed that tﬁe rancher antici-
pates paying a price for the factérs used equél to the prices paid by
others, The price of the production factor may vary with the Quantity
purchased, -But the unit factor price is of importance only in so fér as
it affects the cost per unit of produced product, ~Becéuse the cost in
terms of marginal cost of produced product 1ls determined by the productidn
function and factor pricgs, the diséussion of change of unit factor prices -
is abandoned,

Analysis of cost in terﬁs of cost per unit of product produced must

" be tied to the rates at which the production factor are converted to end
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products, The prbduction function is the relationship from which the
relevant rates of conversion are defivedg‘lé/

The préduction function is a physical relationship and of a technical
nature. It is not the purpose of this paper to engage in a discussion of
the exact nature of the detailed technical determiﬁants of a rancher's
various production functions, for.such information is seldom available to
the_rancher. Rather, thelpurpose will be that of examining the general
nature of the production functions for sunken investméntsb ‘The primary
means of obﬁaining this end will be the employment of seemingly realistic
assumptions, While these assumptions will’not hold true for all livestock
ranches and/or ranchers, their chance of occurrence is greét enough so as
to lend some inéight into the nature of the plénning agent's means of

‘making a decision.with regards to sunken investments, Theée assumptions
ﬁa& later be relaxed singularly or in groups, but unless such a_relaxatidn
is specifically designated these assumptions shall be held for the
remainder of the paper, These assumptions shall be the followings

1. The ranch will be owned by the manager, debt free, However, as
is the practice in this area, varioué amounts of land may be leased or
rented, With this exéeption, all physical resources are held to be owned

in full,

15/ G; J,-Stigler5-THe Theory of Price, (The Macmﬁllan Co., New Xork,
Revised Edition, 1952) p. 106, ' )
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" 2, The type of prﬁduct will be held as fixed,  The qﬁantity may vary.
A singie enterprise firm will be held to.be the case, -While this
aséumption will seem unrealistic, it will materially aid in the adaption
of the theory of the firm to the area in question, as the problem of
shifting enterprise (cattle to sheep, ete,) is arbitrarily eliminated,

3. The ranch or ranches will be fixed as to size, .This assumption
will prescribe the size within limits, The limits will be narrow, allow-
ing-oniy for the'adjusfments needed for a closer approximation of a ;easf
cost combination for the particular level of resource ownership in
Questbior;° However, the size may vary from ranch to ranch,

For the purpose of explaining the nature of a rancher's production

1function, the quantity of product previous to the advent of a sunken
investment wili be some average quantity; say 0Qy,, For the purpose of
discussion, it will be assumed the only varying factors, with the exception
of the sﬁnken investment will be those production factors needed to
utilize any added primary production which may result from the particular
sunken investment in question., For instance, a certain investment may
result. in a possible greater forage yield° Certain amounts of livestock,
labor,-and management are needed to utilize:this possible added production,
Since a raﬁcher measures his production in terms of beef or mutton and
wool, a conversion'of the added forage into these commodities is necessary,
Under like conditions of climate, soil etc., a fixed investment shoﬁld

yield each rancher an equal quantity of the primary product,in this case

-
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forage. However, the above need not hold true when the conversion of this
primary resource (forage) into the seconda;ry resource (beef or mutton and
wool) takes place, It is quite likely, within c-ertain 1limits that live=
stock and labor of approiimately the same quality are available to all

ranchers in an area. Such is not true for the remaining variable, that

.of management. The nature of the production function for a sunken investe
ment will be considered initially'wifhout the variable of management,

Later, the management factor will be included, With these considerations

in mind, a production function for a sunken investment is presented below
in Figure l,

Inasmuch as.a sunken investment entails production over more than oﬁe
production period, it is extremely important to fully explain the 1abe11ng
of the axes of a diagramatic presentation of a relevant production
function. This is eépecially true in the case of a static analysis since
the consideration of the element of time.is somewhat obscured, The X
-axis will represent the quantity of livestock product per year. The Y
axis will.measure the various levels of annual investment, | »

As stated before, (by assumption), 0Q will be produced providing
there is no disinvestment., The production function was constructed on
the basis of the law of eventually diminishing marginél physicél préduct—-
ivity. Any level of investment up to 0Od w111 result in an increased
prdductlon of livestock product. Any investment beyond this level will

result in a loss in total production, Somewhere between the limits

" a and d is the economically relevant area of production. It is not
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Figure L.
Range of Feasible Annual Investments,
readily evident that it would be economically feasible to invest at a
level higher than 0d. Line Qb is drawn tangent to the production
function. At the point of tangency, marginal product = average product.
From O to a, the average productivity of the annual iInvestment is in-
creasing. It is not readily evident that it would be economically
feasible to limit the annual iInvestment to an area where the average
productivity is increasing.
A marginal cost curve for the investment (M Cj, in Figure 5), may be
constructed from the production function by plotting a series of points

denoting the added average level of investment per unit of product

increase. However, an addition must be made to this M Cj curve, the
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marginal cost involved in applying other variables needed to utilize the
additional primary resource provided by the investment. The variables
needed to utilize the primary resource in this case are labor, livestock,
tax payments, and all such obvious costs. The marginal cost curve for

such variables (MCy) is usually assumed to increase with an increase in

the quantity of product produced. This is especially true when the rancher
omits the variable of management. Total marginal cost is derived by sum-
ming the vertical values for both marginal cost curves (MCy and MCj) for

each value on the horizontal axis.

Figure $.

Marginal Costs Curves for an Investment.

Since the valuing procedure is ex ante in nature, it holds that if
the MR is above any portion of the MCjl, it would be possible to maximize
profit or minimize loss by equating MCj to MR. To determine the level

of average investment most profitable, a line should be drawn perpendic-
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ular to the X axis and passing through the point where M GT équals M R,
The point of intersection on the X axis, o0z, will inaicate the net quantity
of livestock product which is desirable,

Such an analysis is highly ovér simplified, but essentially this is
the process a ranchef.goes through, but at a more informai level, It is
seemingly quite possible that the rancher is apﬁ to use an economic hori-
zon of short duration and attempt to cover his tdtal costs of investment'
in this duration, assuming all the product produced after this horizon to
be "gravy" or profit on the investmen£. However, the admission of a gravy
period extends'the horizon in question, but this extension horizon is of
a more indefinite type than the original horizon. |

The rancher usuaily does not stop here. Opce he has determined the
direct benefits received from the invesﬁment, he.is apt_to temper his
decision by considering the seemingly indirect benefits and costs which
may occuf as the result of the investments. Such a consideration will be
made outside of the body of the formel analysis and affer the formél
analysis has been completed, It is now that the effect the investment
will have on tﬁe elements of time preference, risk and uncertainty,
gvailable 1eisuré time, - the chance of success or failure, etc., will be
considered, Discussion of theée subjects will be preéented latef,'for'
it is in these areas that suggestions might possibly be made as a means

of improving the rancher's decision making analysis. It may be possible
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for the commercial rancher to include these less obvious benefits and
costs as an intfinsic part of his énalysis. \

" Tn discussing a production function, the two important considera~
tions are (1) the probable shape of the production function and (2) the
degree of certainty with which the shape of this function may be pre-
dicted, The rancher may not recognize the production function as such,
but rather deal directly with the cost factors., However, if is felt
that the production function is the best means of explaining any
peculiarities which may ariée in the cost factors.

Even the best, or perhaps, only the best technicians in livestock
.production would hesitate to describe the exact shape of the production
fuhcfioﬁ'for a ranchert's fixed investment.

It seems quite feasible, however, that the law of eventually dimin-
" ishing physical productivity operates in the case of fixed investments.
The quegt%on of when this "éventually diminishing® takes place is a
horse of -another color. The determination of exacf shapes and slopes 1is
too much to expect, but by examining like investments in the local area
and referring to technical literature released by:both private and public
institgtions, the chance of gross false ?rediction is materially reduced.
Aléo, it aé quité possible to obtain valuable information from local soil
conservationists, bankers, and county agents. By utilizing such informa;
tion it should be possible-to determine the general typé of production
funétion which might be expected, Because there is a degree of uncer-

tainty in determining the production function, the rancher may elect to
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deal directly with the cost factors, realizing the existence of a pro-
duction function, but ignoring it as such, and making an instantaneous
transfer from production to cost factors.

The continuous smooth line production function assumes that the
production factor in question is infinitely divisible. For many of a
rancher"s possible fixed investments, this might not be so. Real estate
is a prime example. Usually a sale and hence the purchase is made on the
basis of all or none, and seldom is the rancher able to sell any of the
"all" which he feels he may not want. If the possible investment is of
one level only, the production function becomes one point. For instance,
if a level of investment of only Od*™were available, (as shown in Figure 6)

the net quantity Og”™would be produced.

Quantity

Figure 6.

The Production Function Tfhen Only One Level
of Annual Investment Is Possible.
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A more likely occurrence will be a stair-step production function
where the production factor is available in different quantities, but the
quantities available are in fairly large parcels. The size and arrange-
ment of the parcels themselves may vary in size. In the immediate
vicinity of a rancher, he may find three parcels of land offered for sale
which could be incorporated into his present operation. They are 80
acres, 320 acres and 6KD acres. It is assumed they are offered at the
same price per acre and are of approximately the same productivity. A

production function somewhat akin to that in Figure 7 will result.

Quantity

Figure 7 .

The Production Function Where Set
Levels of Annual Investments Arise.

The resulting M C from the two production factors mentioned above

are depicted in Figure 8 where 8a gives the M C when only one level of
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investment is available (Figpre 6), and 8b the M C where a stair-stepped

production function is in evidence (Pigure 7).

i8a @ . q

Pigure 8.

The Marginal Qost Curves for
Set Levelis of Investment,

Even if a ranchér-could know the.shape and position of a production
function from technical material, this production fﬁpction'is likely
computed for the average rancher. Whilelfhe manager in question might
be an average rancher, it is.likely that he differs considerably from the
theoretical average in many respectsys Therefore, the production functions
" will be apt to vary for'each individual rancher on the same type of in-
vestment depending on the ability of the rancher as a manager. What
confronts the rancher,‘then, is a'possible range.of production response
and he must £ationally choose the production respénse which he considers ..
to be the most probable for himself,

The management ability of the rancher may affect both the shape and
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the poéition of the production function, Figure 9 gives the relevant
range of production functioiis which may occur as the result of some

investment, say a water spreader on a cattle ranch.

Annual-
Invesment

Quantity oflProduct

 Figure 9.

Range of Possiple Production Functigns.

If the investment resulted in a poor.physical structure and/or poor
management of the physical structure, a negative production funcﬁion
such as Fi might result. However, if the raﬁchef exercises the utmos?t
care in constructing the physical structure involved and exercises the
best possible management practiceé, a positive production function such

as-F2 might be expected. These production factors would result assuming
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average climatic conditions,

As can be seen, oﬁe of the most important determinants of the shape
and slope of a production function besides management, has been partially
omitted, This determination is the expected climatic condition, These
climatic factors are of extreme importance over ﬁhich the rancher exer-

cises no control in this area other than that of adapting his operation

to the expected climatic conditions., Both the lower and upper limits

have a range of possible occurrence dependent upon climatic conditions,
1 11 1 11 . 1
The curves Fy ,'Fi s Fé and F2 are then added to Figure 9, Fi and

1 ’ , :
F2 are those production functions which might exist if climatic condi-

tions were extremely bad for the production period in question with'
managemént held as under average cénditiéns? Conﬂersely Fl}l and'F;ll
are those prodﬁction functions which might be e#pécted to exis£ if
extremely favorable climatic conditions occurred. .it is assuméd above
that Qo is produced with certainty and will not vary with climatic
conditiong. The Qo is really:an average production for the ranch,
It is, therefore,‘possible for an investment of O A to resulﬁ in
net additional béef produption from a minus Qoql to a plus Qoﬁé., It is | . i
impossible to make a decisioh_when such a large rénge of possible pro-
duction is considered aé such: However, the rancher needs to know what
fhe posgible results of his course of action are, If he is to determine
his course of action from such a group of production functions, he will -
select some oné F, or a narrow range of F curves which he deduces are

-

most probable to occur,
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In deciding upon which production function to adopt, fhe ranchér
must first relate his abilities to the investment in question, A rancher
may find it helpful to discuss this problem with an interested but frank
and unbiased party (a Utopian concéption)° The rancher must in some wéy3
decide on the nature of his ability to manage the investment.

The abovg discussion is applied as-it relates.to the rancher consid-
- ering the water spreader 'in Figure.9. The rancher in Question is assumed
to be a careful manager.ﬁho seems to have a knack for achieving a good
.deal with 1i£tie material which may be attestéd ffom the manner in which
he operates his present ranch setup.. He is not seemingly overwhelmed by
- decision maklng, and is actively engaged in making his ranch a better
producer° He also sees. the pos51b111ty of 'some of the intangible values
of the 1nvestment° for example, reduced uncertalnty for the ranch as a
complete unit, After careful consideration, he feels he is capable of
operating the water spreader in question at some production function in
the shaded area Fp of Figure 1Q, Between F31 and F‘Bl:L are the production
factors 1likely to occur at both climatic extremes.

..His degree of aversion to risk and his interpretation of the likely
climatic conditions will determine the ultimate production function he
expects to materialize., If he anticipates a dry yéaf and/or has an
aversion to risk, he may well choose a pro&uction function near F3'o

Such a discussion may seem unrealistic, but it is‘quite likely that
the better managers go through a process such as that aboﬁe, but on a

more informal level., It is equally unlikely that the poofer managers go
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Figure 10 .

The Effect of Climate on a Chosen Production Function,

through any such process, but replace logic with luck. It may seem
paradoxical that a ""good manager'™ with poor luck may be a heavy loser
and a "poor manager™ with good luck might be an equally heavy winner.
The degree of 'goodness'™ or "poorness™ of a manager is difficult to
know, for management is an art, not a science. But it must be remembered
that even an art has principles which must be adhered to. While there
may be many heretics, only a few are successful, and the remaining un-
successful heretics are likely to be artists far under par.

Up to now the discussion has been in terms of the formalized method
a rancher would use in valuing one particular investment. How many

possible alternatives are there which compete for a rancher®s limited
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bapifal? Certainly they must be many, and it is doubtful that a rancher
considers each in the manner. prescribed previously, He will narrow down
the alternative courses of investment to those he considers economically
feasible, He will accomplish this by three means,

First; he will deem uhworthy of valuing those investments which
require a capital outlay greater than he is willing to bear, either
because of his capital position or the added risk which may be involved
in large scale Borrowing. |

Secondly, he will eliminate those alternative investments whose
."ho;izpnﬁ is such that he is unwilling to consider them, The horizon
is that period of time over which the revenue from the investment is
not less than fhe variable costs of production., First, the horizon for
the investment may be of a greater duration than the entrepreneur®s
-horizon., That is, the investment may be profitable, but onlj over a
longer peribd ofltime than the rancher is willing or able to expose his
capital. ' The length of an investment's horizon may be acceptable, Eut
the nature of the returns during this horizon may be considered unfavor-
able, For instance, the investment may yield no returns for the first
three ér four production pefiods° It is at this point that the rancherts
liguid capital balance is apt to be at a low ebb,

Thirdly, he will not consider these investments which might possibly
be profitable, but where there are remaining alternatives which will
obviously yield a greater profit. |

The resultant is a lesser mumber of possible alternative investments
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which the rancher deems worthy of a formalized valuing process. These
alternatives are then valued by utilizing the principles set forth under
Revenue Factors and Cost Factor Analysis, Once the formal valuing has
been completed, a comparison of the results for each alternative will be
made,‘ |

C. "Additional Considerations". The final choice or decision

éannot>be reached as yet, for there are additional considerations not
included'in.the formal valuation, The valuation was made in terms of
‘the investment itself. Its impacts on‘tﬁe remaindér of the firm were
pqt”fully considered. - This, then, is the next step. In what ways may
_i£ affect the firm other than the increaéelin one physical product?

Most likely the first consideration will be the status of the demands
made upon the entrepreneur and ﬁis immediate family., Some ranchers ﬁould
consider qnfavorably an investméﬁt which would tie' the ranéher or his
family down, or would require exacting 1abor/and management which the
rancher feels he is capa&le of, but which he considers very laborious or
perhaps humiliating. Consequently, a highly profitable investment ﬁight
be.deemed undesirable because of the heretofpre unconsideréd‘nqnamonetéry
costs to the rancher and his family. Conversely, an unusually pléasant
endea&or associated with an investment may place the investment in a more
favorable light,

Next is a consideration of the investment's effect on thé firm's
economic stability (risk and uri'certain‘t;y)° It is quite possible that

production flexibility might be considered the key to economic stability.
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An investment with-oniy one possible use miéht be considered unfavorable
when compared with an investment with several possible uses even though
the single use investment is seemingly more profitable. The investment
might strengthen other pha§es of the ranching organization other than
fhat phase with which it is directly concerned. For instance, a crested
wheat pasture may result in forage production which is valuable for
reasons oﬁhér than the quantity and the quality produced. The time of
production, early spring, might give grazing at a very crucial time of |
the -early 1actat10n period of ewes and cows, hence reduce the uncertainty
of a poor 1amb or calf turnoff,

A particular investment, while not unduly profitable in a dollars

‘and cents way, may eliminate an aggravating problem, A water spfeader

system may be'more profitable than a new section of fence. The rancher,
however, considers the cost'§f hunfing strayé and continually patching‘
fence to be greater than the actual monetary cost involved,

Some tribute to timé preference, however'inadquate, will be given,
The réncher may realize the profitabilityiof an investment, but not be
willing to give up his liquid capital for a greafer amount at a series
of points in the future,

A rancher lives in a community and éupposedly'is part of thaf
community. - As such, he is not immune to thé wishes of that community.
If he feels the community will be greatly displeased over a particular

investment, he may refrain from meking the investment regardless of its

profitability.

e
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vThe above mentioned are but a few, although it is likely they are
the important ones, of the additional considerations given after a
formal valuation for each investmént‘and a comparison of the results is-
‘complete.'

| It Would be difficult to say with any degree of fruth that a

rancher is irrational in valuing a possible investment when all the
' above have been considered, However, there seems-to be a possibility
of incorrect weighing of three important factors. They are, préduction
over time, time preference, and risk and uncertainty (all of these con-
sidered as they affect.the firm as a ﬁnit). It is the purpose .of the
next ééction of this paper to construct a model which will have as an

intrinsic part of the evaluation method these three factors.,
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| IIT.- Development of an Economic. Model for Valuing

The first object will be that of defining the goai of the rancher,
As previously, the rancher will be assumed to be an “egonomic manﬁ'(one
who seeks profit maximization). The Lutzes list four possible criteria
for.proiit maximization, all four of which have been used in 1itereture.l/
Lutz: lists them as, "First the entrepreneur mey find the present value
of the future gross revenue stream (V) and the present value of the future
cost stream (C) by capitalizing at the interest rate ruling the market,
and maximize the .difference (V - C) between these present valuesj. Second-
iy, he may maximize the present value of the future revenue stream (again
found by capitalizing at the given market rate of interest) diVided by the
present value, similarly calculated of the future cost stream, i.e. he may
maximize V/G. Thirdly, he may maximize the internal rate of retum on the
' totallcepital sum inyested. Fourthly, he’may maximize the rate of return
on his‘qwn capital, which is assumed to be a given amount and may be
' ‘smaller than the total .sum invested whenever part of the latterAis»fi;.
nanced out of borrowed funes."’g/f

It mey be assumed that at all times a:rancher will be_interested in
maximizing the rate of_return on his own investment. Lutz argues that
the maximization'of;the rate of return on the entrepreneur's investment

will coincide with the maximization of V - C in practically all important

cases. The two conditions which will cause the entreprenéurts maximum

1/ Friedrich and Vera Iutz, The Theory of Investment of the Firm
TPrinceton University Press,l95l) Ro 16,

2/ Ibid, p. 16,
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‘rate of return on his capital not to coincide with maximum V - C are (1)
where the entrepreneur does not have unrestricted access to the market for
borrowed.funds, and (2) where both the funds horizon and the internal in-
vestment'horizon are of the dependent type and coincide as to 1ength,(T).§/
It will be remembefed, that, it was aseqmed the rancher owned his

ranch in‘full, end the investment would be made for the purpose of achlev-
ing a better balanee of production factof-use at approximately the same
'scale -as was present before the investmept. Therefore, in all but the
most peculiar cases, it will be assumed that the rancher has access to the’
market for borrowed fﬁnds, as the magﬁitude of the'investment:will not be
so great as to render the present assets of the ranch inadequate securlty
for a loan (if a loan be needed) to cover the capltal outlay;for the in-
vestmento

CIf £ﬁe maximum rete'of return on the entrepreneUf's capital is'eqqal
to the rate of -interest on the loan or borrowed capital and both-ere equal
to the internal rate of return, V - C will be maximized but will not'coin;
‘cide.with maximization of the entrepreneur's rate of return on his own
-capital. If it is possible to sell the investment capitalized at the
market rate of interest, even though the entrepreneur does not elect thls
alternative, the investment wlll be most profltable when V -~ C is maximiz-
ed even though the rate of return on the entrepreneur's own capital will
not be maximized. Even if either of the above exceptions to the exception

may not hold, maximization of the rate of return on the entreprensur's '

3/ Ivid, p. L2,
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capital will not coincide with the maximized V - G only when the funds
horizon and the internal investment horizon are dependent and of equal
length. The chances of this occurring are slight indeed, for it is highly
unlikely that a rancher will base the life of his firm on the length of
time an investment will economically produce unless that investment is of
such a nature that it is crucial to the existence of the firm. U/

IT the rancher earns other than the going rate of interest on his in-
vestment, each criterion gives different results though the maximization
of the rate of return on the entrepreneur®s capital and the maximization

of V - C will coincide in all but the above mentioned cases. 5/ In accor-

V Ibid, pp. 27-31.

3/ Where Pm equals the marginal internal rate of return and pa equals the
average internal rate of return, V - C is maximized where the marginal in-
ternal rate of return is equal to the rate of interest at Cg. Maximiza-
tion of V/C requires that the average internal rate of return be equal to
the marginal internal rate of return as at 0%. Maximization of the inter-
nal rate of return requires that the average internal rate of return should
equal the marginal internal rate of return, which is identical with the
maximization of V/C. The fourth criterion, maximization of k, the rate of
return on the entrepreneur"s own capital, where the entrepreneur®s own
capital is a fixed amount, is identical with the maximization of V - C.
This will be true because any additional funds above the entrepreneur®s
will be borrowed funds, and he will increase the use of borrowed funds
until the marginal internal rate of return equals the rate of interest on
the last unit of borrowed funds. The above will hold true where the rate
of interest, r, is held constant.

Marginal

and Aver-
age Interniil
Rates and ~
Rate of
Interest.

Units of Capital.
Figure A.
Different Results For Different Criteria of Maximizing Profit
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dance with Lutz, the criteria of maximization of V ; C will be the basis
Qf the valuing analysis used, While maximization of the rate of return
on.the entrepreneur's cépital (k) is the desired end, Lutz feels the .
manipulating difficulties which are present when dealing directiy with
k do not compensate for the small chance -of a situation where the maxi-
mization of k and V - C do not coincide..é/

By defiﬁition, a sunken in&estment involves producﬁion over time,
I£ is therefore'necessary that the element of time involved (T) be
. singled out and clarified as to its meaning, The period of time over
which economic production "takes place" is feferred to as the “econoﬁic
horizon",.Z/ It is over this period that the rancher plans his sales of
product or optimum time 1ength of operation., There exists what might be
called two sub-horizons which in turn defermine phe nature of the econ=-
omic hofizdn,- These two sub~=horizons are called the "funds horizon" and
the "internal ihves_tment-horizén"° The funds horizon‘is that period of
time over -which thé eﬁtrepreneur anticipates investment possibiiities
for the fﬁnds in question éither within or outside his firm. :The
internal investment horizon is thaf period of time over which he may .
expect to realize a positive quasi rent in the last time period.(tn)‘for
a particular investment within hié firme §/ Each sub-horizon may be of

either the independent or dependent type. .4 dependent horizon is one .

8/ 1bid, p..L3.
7/ Lange, ope cite., Po 32
8/ Lutz, ops cit., Ps 25,
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which is depepdent on the value given to the variable time, a series of
t's (T), The independent horizon is one which is not dgpendent on the
value given to the various t's, :There are three possible combinations
of the fund horizon and the internal investment horigzon. )

The first bossibility is that where both the fund horizon and the.
internal investment horizon dre of tﬁe dependent type, In other words,
there is a known period of time over which the funds will be available
and over which a positive quasi rent will result. 'Thesé two sub—horizons
may or may not coincide., If they do not coincide, fhe shorter of the two

- horigons will determine the length of the economic horizon,

The second possibility is that where one of the two sub-horizons is
'of the independent type, the remaining sub-horizon being of the dependent,
type. In this case, the dependent sub-horizon will determine the length
of the economic horigzon.

The third and last possibility is where both sub-horizons are of the
independent type. In this case, the economic horizon is also of the in-
dependent kind (thus has.no definite value),

The economic horizon is that period of time over which a rancher
will discount the opbtimum ecoﬁomic operation of his investment and his
flow of a stream of discounted guasi rents. Because the economic horizon
determines the time length over which profit is calculated, it is ex-
tremely important to determine the length of the rélevant economic
horizon.

Since the criteria of the maximization of V - € has been designated

as the method of valuing a sunken investment, it is appropriate to
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examine the component parts first separately and then together,

A. Considerations of V - C. V has been described as the present

value of the gross revenue stream. It maj also be defined as a series of

prospective quasi rents discounted at the market rate of interest. that

gives the entrepreneur the estimated capital value of the investment.

" Lutz gives the formula for approximating the value of V where r = the rate

of interest, T = the life of the investment in terms of years, (tl) Qg =
the quasi rent on the machine in any unit period t, and S = the present

value of the scrap value of the investment (which might conceivably be a

‘negative value). 9/

V= _ @ * Q __ eeee. __QT + . Or :
Quési rent is.the excess of receipts over what Marshall refers to as
the "supplementary costs", or "«;u ~== the money cost of the raw materials-
used in making the commodlty and thé wages of that part of the labpr spent
on it which is pald by the hour or the plece and the extra wear and tear
on the_plant," 19/ The supplementary costs are the operating costss or
?hose costs which are incurred during each production cycle only if the

investment is utilized or operated. Operating costs are those costs

which must be paid each production period if the investment is to be

9/ 'Ibid, Do 13. Lutz derives this formula from the calculus
v jT Q(t)e Tt at + ST

lg/ Alfred Marshall’, Pr1n01p1es of Economics, (Macmillan and Co., Ltd.,
St, Martins Street, ‘London, 1936), pp. 359-360.
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operated, unless future expected (discounted to present value) quasi rents
will compensate for any incurred, - It is possible that the quasi rent may
be negative for one or more unit periods (production cycle) tf Ql is the
quasi rent resulting from the first production cycle, Q2 the quasi rent

for the second production cycle, etc. Acéordigg to Lutz, ll/

. Qg =Et (at) qg}-l\Et (at)
and Qt is maximized when -

pt'th) gy * Py Oy = Bt t(qt) or (when MC =MR)

Where py (qt) is the average price of the product,_where q is the number
of units of output produced in a production cycles .where Eﬁ (qt) are the
tyariable" or operating costs (exclusive of depreciation and of interest
charges onfthe_cost of the fixed equipment) also as a function of the.
number of units of output prodqced in the production cycle.

Again, the rancher will find it necessary to determine the price
which he expects to receive for his prédﬁét, only now it is necessary to
determine a price for-each separate’prodﬁction'éycle instead of deciding
on only one price for the life of the investment. It is also likely thét 5
the by may vary within the production cycle and hence py (qt) might be
dependent on several prices. However, in the name of simplification, it
will be assumed that tﬁe total production during a production cycle'(qtj»
will be sold Sr valued at one price (py) (qt)° With few exceptions, the’

rancher finds it ﬁecessary'to extrapoléte his price predictions, Hart,
in discussing the nature of forecasting by extrapolation, states,
"There is no golden rule. Instead, we have three basic assumptions,

which may be applied in an infinite number of combinations: (a) that the

TI/ Op. cit., p. £2
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recent level of the variable under study will continue, (b) that the re-
cent rate of change of the variable will continue -- an assumption which
admits of variants, as we may consider the significant rate of change to
be either the rate of growth or the rate of acceleration, or some higher
derivative, and (c) that the variable will tend toward some level thought
of as 'normal'g lg/ The inadequacies of the above assumptions becomes
more apparent when the element of dynamiés is considered., However, if a
fourth assumption (d) is added, that of the effect of exogenous change,
a deeper underétanding of the nature of expected prices results, Exo-
genous'changes are those changes which occur because of probable future
developments rather than the result of past or present conditions., The
future price for a commodity (say X) for a particdlér period in the future
is the function of the supply and demand which exist in that period, i.e.,
'Px = f (Sx"Dx);f Hence, any future development in either supply or demand
may have soﬁe effect upon the price for that particular period which is
not considered in either the past trend, past norm, or present price. A
graphic illustration might better present this. (Figure 11),

Product X has a present price of OA, a normal price of 0B, and a
;epépt trend line of CA. Ansynthetic product is replacing X, and re-
searchers are on the threshold of rapid'improvément of this substitute. .
Qn the x gxié is measured time., The curve AD' is the actual line which
will exist for product X in the future because of the technological |

developments which are about to tazke place in the competing synthetic

12/ A. G, Hart, "Anticipations, Uncertainty, and Dynamic Planning",
TKugustus M, Kelly, Inc., New York, 1951), P. (Oe




Price of 1

Figure 11.

Predictions for the Price of Commodity X,

industry. It therefore becomes apparent that the fourth assumption may
be applicable iIn some cases.

It is extremely unlikely that a curve such as AC* could be predicted
with any high degree of accuracy. Therefore, the expected future price
for commodity X is likely to have several values at any one period (t) in
time. It might be stated that AD1 is the mean or average price line with
a probability distribution scattered at the probability level between
lines AE and AF. The standard deviation for any one mean value for one
period of time (assuming a normal distribution) will be the vertical
distance between line ADr and either AE or AF divided by 1.96. It will

be noticed that the increases with an increased period of projection.
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The same may be said for the other projections into the future; BB',
AA'; and AC', These lines are in a sense an average price expected with
dispersion around the mean., The ¢~ for these projections will also in-
crease as the period of projection incfeaSe§‘

Quantity (q) like price must be determ;ned for each production period
in the future., ©Since the fﬁture froduction is not known with certainty,
the rancher finds it necessary, as in the case of price expectations, to
extrapolate his production expectations. In the livestock industry, bar-
ring any revolutionary developments such as some unheard of disease, or an
qvercrowding from oil derricks, the techniques of production and the
climatic conditions determine the quantity of a product produced in any
future production cycle., The principle of Hart's fhree assumptions plus
thg pripciple of consideration of exogenous change used in determining
price expectations could seemingly be-appiied in considering the pqssible
effects of techniques of production on future production., Climatic condi-
tions for future production periods are of a somewhat different nature,
as they are not greatly affected by present conditions. It may be possible
to place a cardinal value on the probability distribution of TDN's actually
produced in the area by studying the past history of the area in question.
The result will be an average climatic condition in terms of production of
TDN's or acres needed per animal unit. The arithmetic mean would be
determined for a long term record of production.and the standard deviation
calculated,

Climatic conditions seem to follow no easily recogqized pattern, If

the acres needed per AU were correlated with tree ring growth from 178k




Chances out
of 100 of
occurrence

Acres needed per A.U
Figure 12 .

Frequency Distribution for Acres Needed per AU
near Havre, Montana!

to 19119 near Havre, Montana, it would be found that an average of 18 acres
were required per AU. 13/ The standard deviation would be in the neighs
borhood of 3.8 acres. The distribution is definitely skewed to the right,
and the resulting flatness indicates a degree of kurtosis. Figure 12 is

a diagramatic display of the distribution. The data and calculations were
rough, and the results are not necessarily empirically sound.

Without further refinements and computations, it would be difficult
indeed to place a significant cardinal probability value on the prob-
ability of the occurrence of a good, average, or poor year. Added re-
search and refinements of correlating the acres needed per animal unit
with either tree ring growth, or some other long time record, might give

a more valuable relationship than that which the rough approximation

13/ Source: M. A. Bell, Montana Experiment Station.
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provided., It is not apparen£ that any valuable information might be ob=-
tained by considering the expected climatic conditions to adhere to the
present conditions, the short run trend, or rely.on some normal or average
conditioﬁs. With refined statistical treatment, it might be possible to
develop a reliable probability distribution of climatic conditions;

By combiﬁing any registered trend in technique of production and the
probabilities of production, a future expectation of production could
have a cardinal value and the possibility of its occurrence determined.
The entrepreneur's attitude towards risk could be considered and a féirly
reasonable production expectation arrived at.

The tofal variable costs for a production period, (E) (qt), is

determined by the technique of production, and the price of the variables,

" The technique of some future production period has been previously con- -

sideyed,.aﬁd it may be'possible to utilize this infofmation to determine
the qgantipy of phe produét which will be expected for some paréicular
period in the future. ‘

Coﬁsiderétion of the price of the variébles used will be somewhatb
dependent on the previously considered price of the final product. It is
not inferred that the price of the variables used is a function of price
of the produét. However, there is éertainly soﬁé correlation Between the
Qriées pgid and tﬁe prices received, One would n&t expect an extremely
higﬁ price“fbr beef and also expect to hire the needed labor at an ex-
tremely Low price, Certainly, the relationship of the prices paid and the
priges received are important. ‘Again,'it‘might be possible to construct a

probability distribution of the ratios of prices paid to prices received
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and place -a cardingl probability on thel priceé expected to be paid based
on the expected pfice received,' .

By taking the difference betweeﬁ the index of prices received by
farmers and the index of prices paid by farmers‘lh s and assﬁming a normal
distribution for such differences, it was found that there was a standard
deviation of- about 19, -At the 95% level of probability (1,96 xT ), it
was found that the index of prices paid would not vary'more than-: 38% of
the change in the index of prices receivedo If for instance, a price
increase of 10% in prices receivea was expected, 95% of- the time the
prices péid would be between 62% and 138% of the present prices paids, If,
however, the indexes of prices paid and prices received for the specific
area in question were compﬁted, a more reliable figure coﬁld be ob-
tained, ;5/ For instance, if the index of prices received consisted only
of the indexes of the prices of products sold in the area, and the indexes
of prices paid were only for the variableé used to produce the preduct in
mind, -If the first mentioned figures were to be taken as a sufficiently
reliable basis for action, and beef were expected to go up in price about
1Q% at some date in the future, and where the present average variable
coét per cwb. of beef sold was known to be about“$l2,06, if could be
expected that 95% of the time the rancher could expect his variable costs

to run between $7.Llfwb. . and $17.76/cwt. The rancher is now in a posi-

1L/ ™952 Agricultural Outlook Charts®, (Bureau of Agricultural Economics,
U.5.DoAe, Washington, D.C., October 1951), pp. 12-13.

15/° This was done by Gray and Baker in Commercisl Family-Operated Sheep‘
Ranchés, Range Livestock Area, Northern Great Plains 1930-50, Bul. 478,
Nov, 1951, M.5.0. Agri. Exp, Station, Bozeman, Montana, p. 90.




58,
tion to make a better decision on a 1likely average variable cost for that
period in the future.

Sp is the residual value of the investment. As previousl§'mentionéd,
this may either be a positive, zero or negative Valﬁe depending on the
nature of the investment. .If the investment were uéable for one puréose
for a certain length of time (T), but was no longer'efficient enough for
that purpose after thé occurrence of tn (where the revenue no longer
covers variable costs) it might be used for another purpose whiéh demands
a lesser degree of efficiency (the variable costs may be covered in the
new use), As such, the value of the investment area may be greater than
if the investment had not taken place, The positive net value of this
residual of the original investment (the worth of the investment over that
worﬁh which would have existed if the investment had never peen made) is
then the residual value of the investment. If, howéver, in order to pre-
pare ﬁhg area for another investment, a capital outlay would be required
tha£ would pot have been ﬁecessary if the investment (before tn) had
never been made, a negative reéidual value would result and the previous
. summation of the discounted quasi rent would be lessened by this amount
discounted at the discount rate.

1. Choice of an interest rate or discount rate, Tarshis describes

the interest rate as the cost of holding money. ;é/ What then determines
the cost to hold money? The interest rate for sobiety is determined by

the supply and demand curves for money, The resultant is an interest

%é/ Tarshis, Lorie, The Klements of qunomics,’(Houghton Mifflin Company, -
oston 19h73, P 321, C
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rate for all investments to all of society.

The interest rate may vary for individual ranchers and, certainly,
it will vary with the type of investment. The motives for holding mbﬁey
as money, according to Keynes are three fold, They are the transactions
motive, the precautionary motive, and the speculative motive., The reason
for this is that money is the most liquid of assets. The rancher musﬁ
either keep some of his own capital or have a source to borrow this capi-
tal from, to carry on the transactions of ordinary business endeavors.

The rancher also finds a certain emergency relief or insurance in liquid
capital, or a liquid source of capital. This then is the precaﬁtionary
motive, The real value of capital changes, and when such changes occur
there is the possibility of altering one'capital position by speculating
in the change of price levels, The speculative motive will up the inter-
est rate if it is felt the ®"real®™ value of the capital is about to innl
crease and vice versa if it is fe}t the real value of the capital is about
to decline, lZ/

Black states the appropriate interest rate to use is dependent on the
above plus the amquﬁt of risk involved and the servicing required, lﬁ/
For our purpose it may be assumed that no servicing is required, @ence no,
goét~will be charged to servicing, For the present, no consideration will
be’given to the risk involved for the particular investment, and hence,

the going rate of interest for the area, or the rate of interest charged

T7/ Ibid, op. 325-327%

Y__/ John D Black, et al,, Farm Management, (The Macmlllan‘Company, New
k, 19495, p. 7hO.
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for the average risk, will be used, The choice of a time discount rate
cannot be dismissed so lightly, however,lforlﬁﬂack points out the effect
a wrong choice of the rate of time diécount méy have,

The effects given are summarized in &able'I'belowc.lz/

Table T, The Effect of Changes In r On The Present-Value

€hange in r Cﬁange in.Present Value
From To ' : : _

6% L% - +50%-

5% L% : +25%

1 3% | 433

In light of -the above, the rancher may find it advisable to take the~’
going rate of interest as a base in establishing the rate of time diséount .
which he finds most suitable for his purpose, if he eiects to adjust for
risk in the discount rate. He will then édjust the interest upwards if he
feels his need f&r transaction capital is especially tight, if he fore-
sees some future happening that may require considerable liquid capital,
or if.he feels the economy is &bout to enter a depression. if he expects
an inflétibnary*pefiod, he will lower the intérest rate, as he feels the
value of his capital will increase more rapidly as an investment., After
qonsidering these three things, he may then arrive at an adjusted rate of

time discount which will better fit his purpose,

2. The effects of a.change in the rate at which the entreprenéur

discounts his-profits, A fall (rise) in the interest rate will cause a

12?’Blackg~op, Citeys p; 750,

7
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-shift to a more (less) capitdl intensive process; i.e., the average period
of investment, if the ﬁrice of variables remain constant, The present
value of V will adjust upward (downward) as the result in a fall (risé) in
the discount rate used, A fall in the time discount rate will also make
it more profitable to sﬁbstitute initial cgst (a better physical plan?) for
future variable costs.-gg/ Likewise, a fall in the interest rate or time
discount rate will (1) cause the investment period, or funds horizon, to
1eﬁgthen, and (2) cause an increase in scale. These two causes may caﬁcel
one another, or at least modify the effect of one anothef depending on the
shapes of successive revenue growth curves and the degree of rise in the
interest rate, 21/

After consideration of. the variables diséussed above, the'rancher
finds himself .in a position to determine the value of his expected dis-
counted flow of quasi rents (V),

Where € is the original cost of the investment, the formmla V - C.-
will then indicate the difference which must be maximized, The rancher
would vglue all feasible investments in the above manner, It is under-
stggdgple phgt“each_énve§ﬁmenﬁnmight“have a series_qf‘st,‘ The rancher
will choose that combination which he thinks most likely to occur because
of his management ability, etc. The choice of the investment with the
maximum value of V - G does not neéessarily follow., If the rancher had

four feasible investments on his ranch, with original costs (0.Ta)s

20/ Lutz, op. Cit., Do 127e

21/ Ibid, p. 8L,
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economic horizons, (T) and V — Cs as listed below in Table Il, it does
not follow that he should choose Investment I*

Table 11. Returns on Hypothetical Investments
With Various Economic Horizons.

Investment No. Original Costs V-C Economic Horizon
[ $10,000 $1,800 10 yrs.
11 $ 1,500 $ 500 5 yrs.
i $ 5,000 & v 7 yrs.
v $ 3,500 $ 700 6 yrs.

Investment profit maximization (maximization of V - C) depends both
on the original cost (capital invested) and the period of time over which
the investment is exposed (economic horizon). It stands to reason that
the rancher would rather realize the 33 1/3% profit over the period of
five years in Investment Il, than the 18% profit over a period of ten
years on Investment 1. The rancher is interested in total profit, and
hence it might be such that if the rancher had $10,000 of free capital
his total profit would be more in Investment I than if he invested $1500
in Investment Il and deposited the remaining $8,300 in the bank at no
profit, in the sense that profit is used here. Below is a table giving
the total percent profit for each investment, the percent profit per year
per investment. The weighted profit per year is determined by multiply-
ing the % profit per year by $10,000 divided by each investment. The ag-
gregate weighted profit for investment 11, IIl, and 1V is a summation

of the weighted profit per year for those investments.
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Table H1. Total, Annual, and Weighted Profits
For the Investments in Table 1.

Weighted Profit

Investment Total % % Profit (% of $10,000) per year with
No. Profit per year Wt. of Invest. $10,000 to invest
| 18% 1.8% 100% 1.8%
] 33.3% 6.7% 15% )
i 16% 2.3% So%)) 3.3%
v 20% 3.3% 3S% g

IT the rancher chooses Investments 11, 111, and IV, the percent
profit per year would be an effective 3.3%, as compared to 1.8% for
Investment No. 1. It is not to prove that the maximization of V - C is
not a true criterion for profit maximization that this has been done, but
to point out the possible necessity of considering several smaller invest-
ments as one investment when a certain amount of capital is available for
investment, and some investments may be made with a lesser amount of
capital than that available for investment. The V - C must be maximized
for the whole fund of liquidity available to the rancher.

B. Considerations of Risk and Uncertainty. Expected values, whether
for price, quantity, labor costs or interest rates, have been treated as
single valued expectations. The probability distribution of expected
values have been discussed, but their significance in terms of risk and
uncertainty has not been explored. The presence of a probability dis-
tribution for expected values may be presented in a rather concrete way

with the aid of statistics. Terms such as skewness, kurtosis, range.
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standard deviation, mode, median, and mean describe the nature of the
probability distribution, The attitude of the entrepreneur towards this
probability aistnibution is in part a psychological phenomenen° For the
present, it will be assumed that the probability distributions in question
assume the shape of a normal curve, In this case, the risk preference
function.may be described in terms of the mean (M) and the standard
deviation, _2_2/ Inasmuch as th'ie paper deals mainly with the'uncertainty\
aspect rather than risk, and since the uncertainty has been described in
terms of unknown probability distributions, ahd since in a sunken invest-
ment more than one production period is in question, the uncertainty
preference function will be considered to be much the same in nature as
the risk preference function and will include both risk and uncertainty,
For the present, it will be assumed the uncereainty preference function
for an entrepreneur is of a negative nature,

'In.effect, the entrepreneur must correct.his single valued expecta;
tions for uncertainty. This correctedlyalue;will be referred to:as No
Lutz states that N %/ZETM), (N is a function of the standard deviation
and the mean of the probability distribution’ in questioﬁ). If U.C, were
used to signify the "Uncertainty Correction Factor", N would equal
(M)(UC). The correction factor is not a function of O~ alone, bu£ the
comparative‘magnitude of the variation of the distribution., The compara-
tive magnitgdinal variation may Be measured by the coefficient of vari-

ability (V). C.V. = —/%;— . Therefore, U.C. = F (CV),

.g-g/ LutZ3 O Q‘Cito, po 1690
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With a negative uncertainty preference function, it is conceivable
that an entrepreneur might prefer a low mean with small dispersion to a
greater mean with greater dispersion. Both Lange and Lutz give geometri-

cal presentation similar to that in Figure 13 below: 23/ 21|/

Figure 13.

Variation and Effect Average Indifference Curves.

The curves il, i2, etc., are indifference curves with i4 signifying
a high level of satisfaction, and i a lower level of satisfaction. |If

some particular investment results in a V - C of BP (assuming the V-C =
M of the probability distribution of possible values of V - C) with a (T
of B, the corrected value of V - C (N) would equal CL. (M= CL, (V =0).

QL would be the ™"effective average'™, and LP the "uncertainty equivalent™.

In this case, the correction factor for the uncertainty involved would =

23/ Lutz, op. cit., p. 190.

2\x/ Lange, op. cit., p. 31.
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OL/BP = UC, If several investment alternatives are possible, the entre-
preneur will choose thatiinvestment which will place him on the highest
possible indifference curve. Or, in effect he will maximize N which is
the value read on the x axis along line OM. gg/

Again, if the V - C is thought of in terms of the rate of préfit per
year, it is then possible to determine the optimum of the varioés alterna-
tives. Bach investment has several possible V - C's, and it is assumed
that the V - C used for.each alternative investment is that combination of
M and O which places the entrepreneur on the highest possible indiffer-
ence curve, Bach investment has some point which signifies this point,
such as point P in Figure 1L, The resultant is a scattering of such
points, one for each alternative investment. The point which touches the
highest indifference curve (the greateét N) represents that investment
which gives the maximum corrected V - C or N. Since it might well be
difficult to examine each of the points in question, a line conﬁecting the
outermost points, (those points furthest to the right at each level'of
¢~ ) called the Boundary Line, is drawn. That point at which the Boundary
Line touches the highest indifference will indicate that investment which
is most profitable. gé/ o

Pigure 1l below gives the boundary line for numerouS.alterna@%vg‘"'
investments, each of which is represented by one of the dots to the left

of the boundary line. Point P is that dot which represents that invest-

25/ Lutz, -0p. Cit., p. 190,

26/ Lutz, op. cit., p. 191.
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Boundary Line

Figure IIx.
Use of the Boundary Line as a Means of Determining
— the Maximum Corrected 7 - C.
ment with the maximum V - C.

The discussion so far has been in terms of the most profitable in-
vestment of several alternative investments. The rancher also has the
problem of choosing maximum V - C for each investment. The maximum V - C
for each investment depends on the technique of use of the investment and
the scale of the investment. Therefore, the rancher is not only con-
fronted with the valuing of alternative investments, but also the valuing
of alternative scales and techniques for each alternative investment.
This problem may be treated in the same manner as the valuing of alterna-
tive investments. However, by assumption, the problem is somewhat

narrowed when problems of scale for the firm as a whole are ruled out.
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Therefore, the problem of proéer scale of an investment is limited to that
scale which would not materially alter the scale of the firm, In many
cases, the investment may be fi#ed as to scale because of physical limita;
tions of the investment in question, -The possible technigues of use are
also limited somewhat (in some cases ﬁhere might be only one.poséible
technique or scale for an investment) by the nature of the investment and
the abilities of the entrepreneur,

The use of an uncertainty correction factor (UC) has been discussed
previously, where UC = £ (CV) (a function of the coefficient of vari-
abilif,}'r)° It was also previously assumedrfhat the entrepreneur had a
negative uncertainty preference function, It is not to be inferred,
however, that the negative value is of the same magnifude for all types
6f uncertainty. In other words, a negative ﬁncertainty preference func-
tion indicates a UC with a value legé than one, but the value of UC may
vary for va%ious types of uncertainty. However, it is highly likely that
the UC value will be of the same functional relationship for_rather broad
cafegor;esjof_uncertainty for each entrepreneur. Figure L is a represent—
ation of the fdnctional relétionship which miéht exist for some particular

categories (fl & f2) of functional relationship between UC and CV, 27/

gZ/ The choice of elements to be included in a category represented by
one functional relationship between UC and CV is dependent upon the
nature of the uncertainty premium for each element to be included. To be
completely accurate, each element will have a functional relationship be-
tween UC and CV which is unique. - However, it is likely that a number of
these unique relationships will bear enough resemblance that they may in
effect be considered as one relationship.

An extreme case would be where the probability distributions for
expected prlces of two like products, A and B, have the same standard
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deviation, but the mean expected price or b is greater than tne mean ex-
pected price of A. In this case, the CV value would be greater for prod-
uct A than product B, as CV is a measure of relative dispersion. The set
of indifference curves describing the uncertainty premiums would have to
be the same for each product if the same functional relationship between
UC and CV were to be used for both products. The slope of these indiff-
erence curves would have to increase as the height of the indifference
curve, or utility value, increased. This relationship is shown in

Figure B.

Nature of the Indifference Curves for Categories Which
Have Like Functional Relationships Between UC and CV.

Where OS is the standard deviation for the price expectation probability
distribution for both product A and B, OPa the mean price for A, OPJ1 the
effective price for A, OPb the mean price for B, OPV the effective

price for B, the ratio on the uncertainty equivalents for A and B

(PaPJi / P¥Pb) must be equal to the ratio of the CVrs for A and B (CvVa/Cvie),
if the functional relationship between A and B is the same for both
products.

From Figure B it will be noted that the importance of the standard devi-
ation in determining the effective mean value increases disproportionately
with its increase in actual value. While the above principle may seldom
exist to this magnitude, it is likely that the disproportionate increase
in the importance of the standard deviation with an increase in actual
value will hold for many situations in real life. |1f the above principle
is true, it is seemingly more realistic to talk of a category of elements
having nearly the same functional relationship between UC and CV.
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Figure 1$.

Three Functional Relationships Between UG and CV,

The UC value is used to correct the value of the mean value which is felt
to exist. In a sense, the UC value is not the correction factor, or
shrinkage factor, but rather a yield factor which gives the corrected
net value (N) of the mean.

It might be possible that a rancher would have one functional rela-
tionship () which is to the left of the y axis and below the x axis
for a category such as gambling at small stakes. Or a functional rela-
tionship coinciding with the x axis for some category of which a certain
limit is required, such as insulin for a diabetic rancher where a certain

amount iIs necessary to continue life, but any amount beyond that is of no
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value. The shape of these functional relatibnships are variable for each
rancher,

The use of the assumptiqn of normal distributions has greatly simpli-
fied the above discussion. However, empirical observation of expected
values, yields, prices, etc. for the area considered seems to indicate
that normal curves or near normal curves for future expectations are
likely to be the excéption rather than the rule., In reality, there is
likely to be some degree of skewness or kurtosis in the probability dis;
tributions for expected values.

The adjustment for uncertainty (use of UC) may take place at several
levels, For an example, the following discussion will be in terms of the
adjustment of the V to uncertainty., It will be assumed that the values
for UC are known for the various probability‘distfibutions-of expected
values,

. Tf the mean quantity for each time period (qt)'were adjustea for
uncertainty (M multiplied by the UC), the éame done for the price in each
time period (Pt) and the variable costs for each time period (E£)9 the
;gsqltgn?lquasi rent would be corrected for uncertaimty., The resultant
discqunted‘v would then be a discounted value which would give the N
value when the original cost (C) is subtracted.

The correction for uncertainty may also be'made on a basis of the
probability distribution of expected quasi rents., The quasi rents will
be multiplied by the UC signifying the adjustment for uncertainty. -The
discounting of the V value (discounted if a negative uncertainty prefer=-

ence is assumed) may also be used, - Here, the mean V which might result
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from an investment is discounted on the basis of the probability distri-
bution® s standard deviation, or rather the resulting CV which is converted
to a UC value. The discounted or effective V = (V)(UC).

C. Abnormal Probability Distributions, And Their Effect On Uncer-
tainty Correction. As previously mentioned, three general types of
abnormal curves exist. They are: a skewed curve, a curve showing kurtosis,
and a bi-modal curve. They and their effect on the uncertainty correction
factor (UC) will be discussed in the above order.

I. The effect of a skewed distribution on UC. A skewed curve is an
asymmetrical curve. Figure 16 gives two examples of skewed curves. The
solid line curve is a probability distribution which is skewed to the
right (line AA"). The dotted line curve is a probability distribution

which is skewed to the left (line BB").

frequency

Figure 16.

Types of Skewed Distributions
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UC was stated to be a function of CV., This is strictly true oniy
for a normal distribution, The standard deviation measures the disper-
sion around the mean.,” In the case of a probability distribution such as
AA', the mean will be in the approximate vicinity of aa', to the right of
the mode (Ma), .If the standard deviation (") were ctlculated, and the
95% limits of probability were calculated, it isléossible that the limit
less th;n the mean might be to the left of the zero axis, which would be
irrational in many cases., In any case, this limit will be to the left of
that point which cuts off the extreme 2-1/2% of the lower limits, The
use of UC at face value, therefcre, gives undue weight to the values less
than the mean,” In effect, the upper limits of the curve are slighted,
The mean plus 1,96 (o ) establishes the right limit of the 95% fiducial
1imits, The area to the right of this point (under the curve) is greater
than the 2-1/2% which should theoretically be there,

Where the probability distribution is skewed to the right, and UC =
f, CV, too much weight is placed on the values less than the ﬁéan, too
1ittle weight is placed on the-Qalues greater than the mean, Where the
probability distlribut_ion is skewed to theieft_, and UC = £ (CV), the
reverse is'true° The skgwed'distribution seems to reduce the iﬁpqrtance
of CV, While CV is indicative of the comparative dispersion for various
probability distriﬁutions, there are certain limitations to its use, g§/

The amount of skewness may be measured by several methods, For the

purpose of this paper, the Pearsonian method will be used, While this

28/ Foru@.further discussion of the limitations of CV, see JFE Vol, 2L,
%9&%, £.'892, "Some Limitations to Use of Coefficient of Variation®, dJoe
. Livers.
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method may not be as adequate as the measures based on quantiles, percent-
iles, or the third moment, its simplicity of calculation is attractive.
For the remainder of the paper, skewness will be signified by the notation
Sk, when a formula is used. The Pearsonian measure of skewness is a rela-
tive measure of dispersion. Sk =X but since it is sometimes diffi-
cult to locate the mode in some frequency distributions, the formula
following may be substituted: Sk = — —* When the skewness is to
the right, the algebraic sign of the Sk will be positive. When the dis-
tribution is skewed to the left, the algebraic sign will be negative. The
value of Sk will never be greater than f 3, and values of greater than tl
are unusual. 29/

The UC will now be designated as UC”™. This correction factor must

itself be corrected. The UC™ corrected for skewness is denoted as UCg.

Where the x Axis Measures Value of Sk and
the y Axis the Percentage UCN/UC-".

29/ Croxton and Cowden, op. cit., pp. 251-237.
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U02 is a percent of UCi and a function of the amount of skewness, Figure
17 shows the type of functional relationship which might exist—between the

amount of skewness and %8%— (100).

- The U02 may then be used in placé of the UCl where a distribution is
skewed, It would be much easier; however, if the distributions were not
skewed and UCl could be used, A distribution which is skewed to the right
(the Sk value is positive) may approach a normal distribution if the
logarithmic (log to the base 10) value of the observation’is plotted or
used in the calculations rather than the value itself. Where the result-
ant distribution is still markedly skewed, it may be possible to use a

log with a base of less than ten, Thed~ and the mean will be calculated

from the logarithmic values, and the resultant CV used to determine. the

UC value., 30/

2, The. effect of kurtosis on the UG, Kurtosis is present where the
distribution,is more peaked or leés peaked than normala‘ A distribution
which is normal is reférred to as mesokurtic (kurtic = humpbacked, meso =
in the middle). A distribution which is more peaked than'normai is
yefgrreq fq_as"lgptqurtic,v(yepto ='slender,.narrow)a_ gidisgribu@ion .
Whicg is'less_peaked than normal is_referred”tO"as pla@ykurtic;_(platy =
broad, wide, flat), The degree of kurtosis may be measured by using the
fourth moment where 7Z; = the fourth moment, andz7/ ‘X4 jﬁgﬁis an

absolute measure of kurtosis. ;7 may be converted to a relative

measure of kurtosis by d1v1d1ng bny‘éﬂ 77:} ThlS measure is referred

30/ Ibid-; P. 225 T
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to as the v? - vi> where N X , and where

The value of alpha™ will have a value of 3 when
4 r-- qgW ? = N e
the distribution is normal, a value of less than 3 when the distribution
is leptokurtic. 31/ CC1l in Figure 18 is a platykurtic distribution,

while DB* is a leptokurtic distribution.

Frequenc;

Figure 18.

Distributions Showing Two Types of Kurtosis.

Where kurtosis exists, the U based on the CV is no longer an
adequate picture of the y uncertainty involved. Where the curve is
leptokurtic, ( +s greater than 3), the U is too great for the
uncertainty involved and this value must be corrected downward. Con-
versely, where the curve is platykurtic, the UC™ value must be corrected

upward. The functional relationship between the value of the C/y and

the corrected UCy (UC™ is the UCN corrected for kurtosis) is shown in

31/ See Croxton and Cowden, op. cit., pp. 258-262.
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Figure 19. The UC value will be multiplied by the value read on the y

axis to arrive at the UCN value. The value for is read on the x axis.

Figure 19.
Where the x Axis Measure Value ofCL+ And
the y Axis Measures the Percentage UuyBitl.

3. The effect of bi-modal probability distributions on the UC
value. A bi-modal probability distribution, in contrast to a unimodal
distribution, is defined as "Having two modesj having a distinct tendency
toward concentration (of observations or scores) at two different points
or regions; having two peaks'. 32/ As previously noted in Section TI,
Heady depicts three types of bi-modal distributions as U-shaped,
J-shaped, and mirrored J-shaped. 33/ With two exceptions, a bi-modal
22/ Alwt. K- Knrt.7. and Harold A. Edgerton. Statistical Dictionary of
Tenns and Symbols, (John Wiley & Sons, Inc., New York, 1939), pTlo.

33/ Heady, op. cit., p. HL30.
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probability distribution should be treated as a corbilary of a normal
distribution. Kurtésis may exist in all three types of bi-modal distri-
‘butions and fhe kurtosis should be treated accordingly., Both J type
distributions show skewedness, the J distribution is skewed to the left,
the mirrored J distribution is skewed to the right. These skewed distri-
butions should be afforded the treatment used previously in adjustiﬁg the
UC value, |

The first exception where a bi-modal disfribution should reéei&é
special consideration with regard to the UC value is where the x values
- of either peak seem to approximaie some type of grouping, but observe no
cyclical pattern. If the economic horizon ié of great enough length to
includé many of these groupings, the effect may be negligible., However,
if the economic .horizon is of such nature so as'to make it pos§ible for
the expectations to be concentrated in one mode, with equal ch;nce of
either mode predominating, a material adjustment in the UC value is
Warrahted. For, in this cése, the average is of littlie use;)and it can-
not ée ggserted with any degree of probability of correctness which of
the pgdeg_will materialize. Decisions made in viewuof t@e~highg} expect-
ations expose_the_rancher to great possible loss, while‘degisions based
on the lower mode of expectations éliminate the possibility of highly
favorable gains. It is quite likely that the lower mode of expectations
is the reasonable choice to make, if the firm could be 1iéuida%ed by
decisions based on the higher mode of expectations when the lower mode of
expectations Iﬂaterialized° The UC value should be adjusted downwafd

according to the degree of domination Which will be exercised by one of
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the modes, and by the effect the materialization of the lower mode of

expectations will have on the firm,

The second exception where a bi-modal distribution should receive

special consideration with regard to the UC value is where the x value

of one of the modes occurs below or above some cruciél point., If, for
instance, a bi-modal distribution of yield expectations is evidenced, and
the lower mode is to the left of a yield which is necessary to cover vari-
able costs, the frequency with which yields below this crucial point occur
is greater than that indicated by the €V, In this case, the UC value
should be corrected downward to account for this fact.

.De An Investment's Effect on the Uhnhcertainty of the §ﬁrm as a Unite

Qther things remaining equal, any increase in the average production of a
firm after the advent of an investment is credited to the investment., The
uncertainty involved in the increase is considered in determining the UC
value as a meaﬁs of correcting the average increase for uncertainty.
While no change is admitted for the firm's previous averages, the standard
deviations aréund these averages may evidence some change., If, for in-
stance, the_;nvgstment not only increases net income, but also reduces

the vulnerability of the average net income, the value of the investment -
is gréater than indicated by the value of the corrected net. increase.

It is also possiblé that a particular investment may bring about a |
negative net increase in income, yet reduce the value of the variation
around the average net income (also the :CV) ‘enough to make the investment

feasible., The average net income previous to the investment may be

assumed to be a gross value, not corrected to consider the variability
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around the average, The correction:of this average net income 1s depend-
ent upon a correction factor, which, as before, will be signified by the
notation UC, &Since the value'of UC is a function of the coefficient of
variation (CV), the corrected value of the average may be greater with
an equal or smaller uncorrected average if the CV value is changed to a
smaller value, |
With the above in mind, it is apparent that an investment's effect

on the dispersion around the firm's average net income is of importance,
as well as the investment*s effect on the level of the average net income
for the firm, This is especially noticeable when the average net income
is considered., An investment may increase the average netb incomé a
certain corrected figure; i.e., the (V-C X UG) for an investment. This
same investment ma& have an effect on the CV for the average net income
without the investment. Likewise, the investment may affect the -degree
of kurtosis or skewness of the distribution around the average uncorrect-
ed net income. An increase in skewness (Sk)n, an increase in the (lih
value, and a decrease iﬁ the CV value, all will cause an increase in the
'Yglge of UC, _Thereforeg a result of the type mentioned above will re-
su%t.in'ag increase in the effective value of an investment (V). Tt ig
possible that any change in the UC value due to a change in the TV value
may be obliterated by an opposite change in the UC value caused by a
change in the degree of skewedness or kurtosis existing, |

| If the functional relationship between €V and UC existed for a firm
as illustrated in Figure 20, and an'investment'would in no way affect

either the degree of skewedness or kurtosis of a probability.distribu-
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tion around the average net income for the firm, any change in the CV

value should be reflected in the iInvestment®s worth.

Figure 20.

Hypothetical Relationship Between UC and CV.

Assume that the average net income (uncorrected) for a ranch prev-
ious to an investment is $5,000 with a resultant CV of 1.2. The effect-
ive or corrected net ip.core (n) is $2,750. (The $5,000 x 55, the UC
value read off the y axis for a CV of 1.2). The investment in question,
we will assume, in no way affects the average net income, but it does
lower the CV value to .9. The investment may not be condemned because
it in no way affected the average income (uncorrected). The effective
net income or N is affected by a decrease in the value of the CV value.
With a CV of .9, the UC value becomes .75. Hence, the effective income
N increases from the previous $2,750 to $3,750. The investment, there-

fore, results in an increase of effective or corrected income of $1,000
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for each year the CV is .75, It is likely that the CV may change each
year, This thousand dollars may be treated as the positive quasi rent
resulting for each period of the 1ife of the investment if the invest-
ment!s rate of efficiency does not decrease throughout the life of the
investment., This quasi rent will be discounted over time and the’¥esult«
ing V computed by summation, The value of V - € will then give_the true
profit resulting from the investment, where C = the initial cost of thé
investment. |

If the efficiency for the investiment increases.first at an increasing

and then at a decreasing rate, the CV will change accordingly. The

_change in the effective average net income will then change from year to

year., If such an efficiency pattern existed; as is likely in reality,
thé CV would then change over time, and any change in effective income
would have to be computed for each year, and diséounted accordingly to
the resultant quasi rent for each period. TIn Figure ?1, EE' is the
efficiency of an investment over time as reflected in the value of the
Ccv, )

hu_Thg treatment of skewedness and kurtosis may be conductgd in the
mgpner'useé above on Pages 72-77. Where the inyéstmen@:gﬁﬁects{yhel
average net income, any_change in the CV_should be qomputed on the basis
of the old average net income, as the addition to the net has already
been correctéd for uncertainty by calculating the effective value of
V=-C. | .

Below in Table IV is a breakdown of the discounting proeess for an

investment. The initial investment was $5g000, with an internal invest-




Figure 21.

Time

Change In CV Over Time As A Reflection

Of Changing Efficiency Oi™An Investment.

AV

Use of the Time Discount Rate As A
Means of Correcting For Uncertainty

Investment=#",000, UC-Ff(CV), Q"-correct discounted Q

Table
T-10 yrs._,

I. 2. 3. L

Year (Q uc N
I $.000 .90 $900
2 1,000 .85 850
3 1,000 .80 800
h 1,000 .75 750
5 1,000 .70 700
6 1,000 .65 650
7 1,000 .60 600
8 1,000 .55 550
9 1,000 .50 500
10 1,000 .15 U5o0

~rr 6 5

(+D)-n  AOA+iI)"n
.9569 $361
.9157 778
.8763 701
.8386 629
.8025 562
.7678 1*09
.7318 Uia
.7032 387
.6729 336
51*39 290

Total 3%

1.16

1.29
118
1.59
1.78
2.00
2.27
2.58
2.98
31k

0.

\ru+iT
> i)
1.16
1.135
1.127
1.123
1.122
1.122
142U
1.126
1.129
14Uz

9.

in %

#Rates of discount which must be used |n each time period to correct fo
both uncertainty and time preference.
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ment horizon of ten years. .It will be assumed for'the:present that fhe
economic horizon is determined by the internal investment horizon, with
equal positive rents of $1,000 occurring in each production period (one
year). It will be assumed that the CV increases with the length of pro-
jection in the future; hence, the UC also increases with the length of
projection, -This UC increases at an increasing.rate. .The rate of time
preference-discount is lie5%. Q' is the discounted value of N, the Q
corrected for uncertainty., The discounted value of the quasi rent is
found by using the mltiplier (1 + i)fn, which is-the reciprocal of
(1 #i)®, The value of the (1 + i')® which must be used in each period
if the discount rate is to correctifor uncertainty is computed by dividing’
Q by Q'., By finding the N'th root of (1 + i')?, the value of (1 + i')
for each production period is determined. The value of i', the rate of
discount which must be used in each.production period to .account for both
uncertainty corrgction and time preference discdunt, is determined by
sugtracting‘one from the value in columﬂ'B for each production period and
multiplying by 100, )

“The_if.fgr.each production pefiod is a function of the length of time
the_producfiop period is_froﬁ,the time of investment and the TV for that
period, -In turn, the increase in the CV value is a function of that same
time, Thié doﬁble functional relationship is difficult to analyzé, and
it would in practice be much simpler to deal difectly with a‘UC value for
each production period, .It.is possible to deal with a discount rate (i')
which will account for time preference and correction for uncértginty,

but the difficultieé involved seem.te outweigh the advantages, -
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Klein notes what he calls the "bearish" attitude on the part of
modern day'pusinéss men, This is evidenced by the fact that they "require
that a capital asset must pay for itself in one to five years, &lthough
they know that the useful life of the asset is likely to be much longerx
th;n five years.® _g/ One may argue with the one to five years, bub in
the case of ranchers, .casual observation leads one to believe that the
statement is fairly accurate, -This is an attempt to consider the uncer-
tainty involved in a ver& simple way., - No attention is paid to discount
for time preference,

In the investment presented in Table IV, it will be noted that the
investment is "paid back" in five years, and the entrepreneur would
EOﬁsider any returns after five years to be "gravy". ﬁsing the above
procedure of valuing, the rancher would not be likely to hesitate-in
making the investment, ‘It iskinteresting to note that while the un-
corrected rate of reﬁurn to the investment is "20%%, the V value is
orly $5,483 when the elements of timé preference and correction for un-
certainty are considered. The V - C value, where € = $5,000, would be
$.83, The investment would be only moderately profitable due to uncer-=
tainﬁy and time preference, even though the investment would be ®paid
back" in five years. It is gquite likely that some alternative investment
may be ﬁore profitable even though the alternative may not be "paid back"

in five years.

gg/'Lawrence R, Klein, "The Keynesian Revolutlonﬂs (The Macmillan Co..,
New York, 1949), p. 6l.
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IV. A Model for Valuing Sunken Investments for Northern
Great Plains Tivestock Ranchers

The titie of‘thié section is something of a misnomer inasmuch as
the model presented below is meant to be & means of valuing a rancher's
method used in making a decision with regards to a fixed investment. It
is not meant as an investigating tool for all possible alternatives; but
rather as a means of valuing a tentative decision of a rancher who antici-
pates making” the investment,

A hypothetical sheep ranch in eastern Montana will be examined, It
will be gssumed that the rancher in question has tentatively plamnned to
develop a 100 acre water spreader on his ranch., The ensuing budgets are
taken directly from a Masters Thesis written by Merle E. Quenemoen, 1/
A11 cost and production figures will be taken from this paper. Additional
data are also gathered from secondary sourcese

It will be assumed that present values would continue in.the future
if no water spreader were developed. Therefore, any ex-ante change in
the ranch organization will be credited to the water spreader,

The following data were developed by Quenemoen from a study made by
Gray and Baker of Northern Great Plains sheep ranchesj 3/ and Montana
Experiment Station CircularISJ_o 3/

For the purpose of iliustration, it will be assumed that the rancher -

1/ Quenemoen, OpPo Cite
2/ Gray and Baker, op. cite

2/ Montana Farm and Ranch ?rices, Mimeograph Cir, 51, Montana State
College, Bozeman, Montana, April, 1949, :
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will use the water spreader.to produce hay,. Quenemoen found that the
hypothetical or average sheep rgnch must, on the average, purchésg forty
tons of hay. b/ It will bé assumed that the ranch uses forty tons of the
hay produced on the spread. This hay will be valued at the market price.
The remaining hay will be regarded as sold, and/or valued at the market
price, TFor the present, no attention will be paid tothe convenience and
security of producing the hay on the ranch., The value of the water spréa&-
er shall be valued in terms of the market value‘fpr the hay produced;

A, QCost of Developing a 100 Acre Water Spreader. The cost_gf_dgyel-

oping the 100 acre water spreader on a ranch in'Southeastern Montana is
given below in Table V.. It.is assumed that all work With the exception .
‘of the cost of sowing the alfalfa-hay is done custom rates. The prices
are based on 1952 averages, the year in which the rancher tentatively
planned to{build the spreader, It will be assuméd that cests similar to

the ones below were confronting the rancher. 5/

B. Consideration oflExpected Yields., = Quenemoen repgrted that annual
‘alfalfa yieids in the area range from 3/4 to 2 tons per acre, with an
arithmetic annual average of 1.3 tons, This range of yield will be used
as the range of éxpected yields at the 95% 1eve1.of proba‘t:?:'Ll:i.’cy.:~

It wiil be assumed, as Quenemoen suggests, that no yield occurs the
first year, but after that, the average yiéld is constant, While_it_is

highly likely that the stand of hay.may need re-establishing about every

L/ Quenemoen; OP. Cite, Pe LT

5/ Ivid, p. 5.
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Table V... Cost of Developing Water Spreader and Alfalfa Hay Meadow
(100 Acres)

Item Units Price* Cost
Dam 13,000 yds. $ .15 $ 1950
Ditch 6,81*0 yds. .15 1026
Land Leveling & Diking 1,000 yds. 17 170
Head Gate & Pipe 35
Land Preparation

Plowing 100 a. 5.00 500

Double Disking 100 a. 1.25 125
Alfalfa Seed 800 Ibs. .55 UUo
Sowing 100 a. 1.25 125
Fence i mi. 800.00 200
Total XXX XXX I U571

<aPrices are based on 1952 averages.

eight years, it will be assumed that the stand need not be re-established
in the 15> year discount period which will be used. The rancher, on the
basis of his present knowledge, feels the spreader system will only last
15 years.

C. Consideration of Expected Prices for Hay. It will be assumed
that lines OA and OC in Figure 22 represent the limits which will include
95% of the expected prices for hay over the next fifteen years. Point C
is roughly based on the predicted hay price for 1960. 6/ The choice of
point A is somewhat more arbitrarily chosen. Some attempt was made to ex-
tend a modified recent trend in the price of hay into the future. The
6/ Long-Range Price Factors in Farm Land Appraisal Policy, a report pre-

pared by the Bureau of Agricultural Economics at the request of the Farm-
ers Home Administration, May, 1951, for administrative use.
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method used to determine these boundaries by the rancher are apt to be
subjective. The method used in this paper was only an attempt to make
these boundaries seem realistic. It will be noticed however, that the
dispersions of probable expected prices increase with time. Line OB is
taken to be the average price per ton of hay over the next fifteen years.
In this case, the average expected price per ton of hay is equal to the
present price, the average price in 1952. The boundaries by no means need
to be straight lines. This procedure was instituted for computational

ease.

21.00

Time iIn years
Figure 22.
Projected Prices for Hay
The prices of hay per ton for each forward year are listed in table
V. The prices of hay per ton for each forward year for limit OA are given

in column A, the prices of line OB in column B, etc. The values are to
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the nearest Fifty cents.

Table VI. Prices for Hay at Three Levels of Expectations
YEAR Price/ton of Hay

GA. 0B. OC.
| $17.00 $17.00 $15750
2 17.50 17.00 16.00
3 18.00 17.00 15.50
h 18.00 17.00 i 5.00
5 18.50 17.00 il+ 50
6 18.50 17.00 I1+.00
7 19.00 17.00 13.50
8 19.00 17.00 13.00
9 19.50 17.00 12.50
10 19.50 17.00 12.00
11 20.00 17.00 n .50
12 20.00 17.00 11.00
13 20.50 17.00 10.50
11+ 20.50 17.00 10.00
15 21.00 17.00 10.00

D. Consideration of Changes in Variable Costs. Quenemoen found that
consistent with a price level at which hay would sell for $17.00 per ton.
the total variable costs for a hay operation on a spreader system of 100
acres to be approximately $1170. It will be assumed that the price level
of variable inputs is positively correlated with the price of hay. The
regression equation index of prices paid = 29 + 0.6 index of prices re-
ceived will be used to determine the variable costs for each of the three
price levels used. 7/ The year 1952 will be used as a base of 100 for
prices received. Using the above regression equation, the index of vari-
able costs for 1952 equal 89. By converting the calculated indexes of
7/ This regression equation is the result of some informal work done by

C. B. Baker of the Dept, of Ag. Econ. and Rural Sociology, Montana State
College, Bozeman, Montana based on a 1935-1939 base period.
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prices paid to the basis of 89 ='i00, and multiplying the resplts“ovgr o
100 times $1170, the variable costs for each production period and at each
price 1ével-are calculated. The method andgreéult are shown in Table VIIa
VIIb, and VIIce

E. Methods of HDetemining the Various ievels of Quasi Rents. Nine

alternative streams of quasi rents will be calculated, Table VITa repre-
sents the resulting streams of quasi rents which would result on the basis
of a .75 ton per acre yield of hay, Qg is the stream of quasi rents which
would result if'price level OA materialized for both thg pricg of hay and
total variabie costse Qé and Qé are those streams of quasi rentsuwhiqh
would exist if price levels OB and OC materialized. The subscript in-
dicates. the price level used to calculate each stream -of quasi rentss sqbn
.script "5“ is used for price and variable cost 1eve;\OA, ete, The‘giqgle
prime (Q') signifies that the lower average yield has been used (o75 ton
per acre), The double prime (Q'') signifies that the average yigld_(l.B
ton per acre) has been used., The triple prime (Qi““) signifies tﬁgt the
upper yield (2 ton per acre).was used. The resulting streams of quasi
rents are shown in Table VIITa, Table VIITb, and Table VIIIc.

It will be noticed that in all nine streams of quasi rents the first
quasi rent is ‘2 minus $160ﬂ Tt is assumed that no yield is realized the
first year. As the result, no positive gross income resulfs, Theﬂqsual
variable costs_of hay::i.ng, etc., are ﬁot evidenced. Howew}er, a certain
amount of variable costs will exist because of the labor needed for fléod-

ing, minor repair, and miscellaneous work which amounits to about $160,
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Table Vila. Variable costs of a haying operation for price level OA
(fig. 22) where index PP = 29 + 0.6 index PR

Price Re- Index of Index of Index of Variable Costs for
Year ceived. Per Price Re- Variable Variable Each Period When
Ton of Hay ceived Costs Costs Variable Costs for
in Dollars Where Year Where PP = Where Year Year 0 = 1170
I =100 29 + .6 PR 1 = 100 1170 x Index of
Variable Costs
0 17.00 100 89 100 1170
| 17.00 100 89 100 1170
2 17.50 103 91 102 1193
3 18.00 106 93 10U 1217
h 18.00 106 93 ioU 1217
5 18.50 109 %h 106 12U0
6 18.50 109 %h 106 1200
7 19.00 112 96 108 126U
8 19.00 112 96 108 126U
9 19.50 115 98 HO 1287
10 19.50 115 98 no 1287
11 20.00 118 100 112 1310
12 20.00 118 100 112 1310
13 20.50 121 102 115 13U6
Ih 20.50 121 102 115 13U6

15 21.00 12U 103 116 1357
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Table VIlbe Variable costs of a haying operation for price level OB
(fig. 22) where index of PP = 29 + 0.6 index of PR

Price Re- Index of Index of Index of Variable Costs for
Year ceived Per Price Re- Variable Variable Each Period When
Ton of Hay ceived Costs Costs Variable Costs for
in Dollars Where Year Where PP Where Year Year O = 1170
1 = 100 =29 + .6 PR 1 =100 1170 x Index of

Variable Costs

0 17.00 100 89 100 1170 -~
1 17.00 100 89 100 1170
2 17.00 100 89 100 1170
3 17.00 100 89 100 1170
h 17.00 100 89 100 1170
5 17.00 100 89 100 1170
6 17.00 100 89 100 1170
7 17.00 100 89 100 1170
8 17.00 100 89 100 1170
9 17.00 100 89 100 1170
10 17.00 100 89 100 1170
11 17.00 100 89 100 1170
12 17.00 100 89 100 1170
13 17.00 100 89 100 1170
It 17.00 100 89 100 1170

15 17.00 100 89 100 1170
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Table Vile. Variable costs of a haying operation for price level OC
(fig. 22) where index of PP = 29 + 0.6 index of PR

Price Re- Index of Index of Index of Variable Costs for
Year ceived Per Price Re- Variable Variable Each Period When
Ton of Hay ceived Costs Costs Variable Costs for
in Dollars Where Year Where PP = Where Year Year 0 = 1170
1 =100 29 + 6 PR 1 - 100 1170 x Index of
Variable Costs
0 17.00 100 89 100 1170
| 16.50 97 87 98 11K7
2 16.00 9k 85 96 1123
3 15.50 91 8k 9k 1100
h 15.00 88 82 92 1076
3 1.5 85 80 90 1053
6 1k.00 83 79 89 10k
7 13.50 79 76 85 995
8 13.00 76 75 8k 983
9 12.50 7K 73 82 959
10 12.00 71 72 81 9k8
11 11.50 68 70 79 92k
12 11.00 65 68 76 889
13 10.50 62 66 7k 866
Ih 10.00 59 6k 72 8k2

15 10.00 59 6k 72 8k2
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F. Choice of an Interest Rate for Capitalizing and Discounting.

The capitalizing process will account for the time preference only. The
interest rate used is that paid on govermment bonds., It was felt that
this is the most favorable return a raﬁcher may receive on his inves tment
where practically no risk is involved, There is a certain inconvenience
in converting government bonds into cash, but for all practical purposes,
government bonds will be considered liquid capital, Therefofe,_it is felt
that a 3% interest rate is fair indicator of pure time preferencee

G, Initial Gost., The original cost of the investment in a water

spreader is $4571, In fifteen years time, it is assumed that the spread-
er system is of no further value as hay land, and is of value for range
land at the same rate as previous to the investment,

Ho Calculation of the Discounted Quasi Rents. Where the discounted

quasi rents equal Q__, the discounted quasi rent equal (Q)_(;*i}IP o
The value of (1*1)‘n1;; given in the first colump of Table ;X“ fér each
year from one!to fifteen, where 1 equal 3%, The discounted quasi rents fér
all possible combination of averages and limits for both price and yield
are shown in Table IXe . ‘They are summed and the original cest (C) sub-
tracted, The residual value is V-G,

Quenemoen found that such a spreader wouldAnot be flooded 2 out of

10 years, AsEuming that the yields when no flooding occurs are materigdlly

reduced, it is reasonable to assume that the V-C values are only about.
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Year

10

11

12

13

1k

15

96.

is used with all three levels of price lines

(Pa ) (Y - 75) VCa

1313
1350
1350
1388
1388
1125
i
1163

1163

1500

1500

1538

1538

1575

160

1193

1217

1217

121i0

1210

12611

1261

1287

1287

1310

1310

13U6

13116

1357

-160

120

133

133
108

108

161

161

176

176

190

190

192

192

218

PoI(Y-T5)  \op

1275

1275

1275

1275

1275

1275

1275

1275

1275

1275

1275

1275

1275

1275

160

1170

1170

1170

1170

1170

1170

1170

1170

1170

1170

1170

1170

1170

1170

%

-160

105

105

105

105

105

105

105

105

105

105

105

105

105

105

Pc)(Y.75)

1200
1163
1125
1088
1050
1013
975
938
900
863
825
778
750

750

VvCC

160
1123
1100
1076
1053
iota

995

983

959

o8

889
866
8u2

ar*2

Quasi rents where the lower fiducial limit of yield averages

%

-160
77

63

U9

35
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Year
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Quasi rents where the average fiducial limit of yield
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is used with all three levels of price lines

(Pa)(YL.3)

2275

265%
2730

VCa

160
1193
1217
1217
1210
1210
1261+
1261*

1287
1310
1310
131"6
131”6
1357

Qa

-160
1082
1123
1123
116$
116$
1206
1206
12148
121”8
1290

1309
1309
1373

(Pb)(VY1.3)

2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210
2210

b

160
1170
1170
1170
1170
1170
1170
1170
1170
1170
1170
1170
1170
1170
1170

B

-160
1010
1010
101*0
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010
1010

(PG (Y1.3)

201%
19%0
168%
1820
175%
1690
162%
1560
IFb
] g0)
136$
1300
1300

averages
VCc Qc
160 -160
1123 9%57
1100 915
1076  81*
1083 832
01 779
9% 760
983 707
959 666
a8 612
@t 571
889 Sr1
866 I'P
82 138
g2 B
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VIllc. Quasi rents where the upper fiducial limit of yield averages
is used with all three levels of price lines

Year E(YQ) Vea Q1m (Ph)(Y2) Vb @6 (POKi2) vee Q!

| 160 -160 160 -160 160  -160
2 3500 1193 2307 3U00 1170 2230 3200 1123 2077
3 3600 1217 2383 3U00 1170 2230 3100 1100 2000
K 3600 1217 2383 3U00 1170 2230 3000 1076 192U
5 3700 1200 2ue0  3U00 1170 2230 2900 1053 1807
6 3700 1200 2U60  3U00 1170 2230 2800 ioUi 1759
7 3800 1260 2236 3U00 1170 2230 2700 995 1705
8 3800 126U 2536  3U00 1170 2230 2600 983 1617
9 3900 1287 2613 3U00 1170 2230 2500 959 15Ul
10 300 1287 2613 3000 1170 2230 2000 9U8  1uUs2
1 mooo 1310 2690  3U00 1170 2230 2300 9 1376
12 Uooo 1310 2690 3000 1170 2230 2200 889 1311
13 Uioo 1306 275y 3Uoo 1170 2230 2100 866 123U

IL Uloo 13U6 275U 3Uoo 1170 2230 2000 8U2 1158
15 U200 1357 2803 3Uoo 1170 2230 2000 8U2 1158

110372



85% effective. 8/

I* Determination of the Frequency Distribution and Associated Values.
As assumed previously, the limits set for price and yield expectations are
the 95% fiducial limits. The mid value for both price and yield are the

average expectations. In this case, the data listed in %ble 1X would hold.

Expected Yield Percent of time expectation
will occur
.75 or lower 2.5
1.3 or lower 50.C
1.3 or higher 50.C
2.0 or higher 2.5

Expected Price Level

Price level CIC or Ilower 2.5
Price level OB or lower 50.0
Price level OA or Ilower 97.5
Price level OC or higher 97.5
Price level OB or higher 50.0
Price level CA or higher 2.5

To establish the type of frequency distribution which might occur

around the mean of a V-C1 of $5,850, or the 5th alternative V1-C1l since

8/ Since the variable costs of haying will not materialize when no hay
crop is produced, the effective V-C values previous to any discounting

for uncertainty are somewhat more effective than would be reflected by

mere occurrence of yield. On this basis it is roughly approximated that
the effective V-C value because of failure to flood would be 85% of the
original calculation.
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Year T &
| .97
2 <Oh
3 .92
h .89
5 .86
6 81
7 .81
8 .79
9 77

10 .7U
11 .72
12 .70
13 .68
Ih .66
15 -61*

Table
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IX* Determination of V5-C1, where

.75 ton/acre

Qa

-155
113
122

118
127
m*
130
127
136
130
137
133
131
127
110

7 = Summation 16K

C =

7-C -

7*-C S

No. ofF 7°-C

1571
m2931

~3371
3

%

-155
99
97
93
90
88
85
83
Si
78
76
n*
71
69
67

996
1*571
-3575
-1*111

2

-155
72
58

30

15

-6
-16
-35

-5
-60
-61

-251*
1571
-1*825
-551*9
I

'1.3 ton/acre,

-i55
1017
1033
999
1002
979
977
953
961
%—*
929
903
890
%1*
879

13155
1*571
858k
7266

6

-155
978
975
926
8>
8r1*
ar*2
822
801
770
719
728
707

689
666

111*53
1*571
6882
5850

5

i-

-i55
900
ar2
778
716
65L
616
559
513
1’53
il
379
339
302

293

7600
1*571
3029
2575

r

i =3%

2
Q"A"

-155

2169
2192

2121
2116
2066
2051*
2003
2012
1931*
1937
1883
1873
1818
1820

2781*3

1*571
23272
19781

9

ton/acre

076"

-155
2096
2052
1985
1918
1873
1806
1762
1717
1650
1606
1561
1516
=72
11*27

21*286
1*571

19715
16758

8

average price and average yield will give the average expected 7"-C-,

is desirable to establish the ordinate of the nine alternative 7°-C

N

-155
1952
181*0
1712
1588
1i*78
1381
1277
1187
1071*
991
918
839
76]_*
1

17587

1*571
13016
11061*

7

1t

S.

This will be done by assuming the mean for the distribution Is equivalent

to the mode.

ordinate value of I.

In this case,

of less than one,

the model

7»-C will be given an arbitrary
The remaining eight 7°-Cs will be given ordinates

the exact value of which is dependent on the ratio of

the joint probability of occurrence for the remaining 7"-C with.the joint

probability of occurrence of the mean or average 7"-C.

It 1Is noted

that
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it is likely that the distribution would probably show a mode to the left
of the mean, but for purposes of computational ease, it is assumed that the
mean and mode coincide.
The values resulting from the joint probabilities of occurrence and
the resulting ordinal value calculated on the basis of the mean V1-Cl1l hav-

ing a ordinal value of one are presented below.

Corresponding Joint probability of Ordinate, where

Vi1-C Number ____occurrence____ model ordinate equal 1
(v-c ¥ | 00.06% .0024
(V-C) ¥ 2 1.25% .05
o™ = 3 2.U0% .10

o 3 h 12 _50% -50
(V-C)H)M 5 25.00% 1.00
(V-C)I11* 6 12 .50% .50
(Vv-CHMm=* 7 2.4% .10
(v-C*)*&* 8 1.25% .05
vV -C*)"i- 9 00.06% .0024

These values are plotted on Figure 23. The probability distribution
represents an attempt to fit a curve on the basis of the nine points on the

curve whichiwere calculated. The effective value, V1-C* is found. The re-
sultant V1-C values are plotted on the x axis of Figure 23. The means of
determining the shape of the distribution are described later.

The range of expected V-C1 is $25,330 at the 98% fiducial limits.
(A maximum V1-C1 of $19,781 and a minimum of-$5,5U9)o0 Where the mean

¢ 2_U<7™ includes 98% of the observations, It.8 ™ should approximately

equal the range. Hence, $25,330/7.8 equals $5,277 which in turn is equal



y axis, comparative chance
of occurence

$6,000 $12,000 S13,000
Figurf 21

Frequency Distribution For Vt-Ct Values,

to the cr for the distribution. Where the mean was assumed to be $5,8%0,
the CV value is .90, ($5,277/$5850). The distribution shows signs of
skewness and perhaps some kurtosis. However, for this illustration, it
will be assumed that the distribution is normal.

J. Determination and Application of the HG. Where the functional
relationship between the CV and UC for this category of rewards for the
rancher in question is like that depicted by F1 in Figure 2li, the UC
factor will be .39 where CV = .90. While the average profit will be

$5,850 for the investment, the effective average income will be $2,282,
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or the mean, $5>850, times the UC factor, .39. In this case, it was

found expedient to correct for uncertainty at the V-C level.

UC-CV Relationships

Not even all hypothetical ranchers can be expected to have the same
functional relationship between UC and CV, for the same category of re-
wards. The functional relationship might be representative of a man
whose financial condition is good, but not indissoluble. The possible
loss of over SUJOOO during a period of 15 years will hurt, but the rancher
does not expect the possibility of such gains to be greatly over-shadowed
by the possibility of rather material gains.

Rancher X is in somewhat a different fix than the rancher represented
above. His ranch is encumbered with debt and/or his attitude are such
that he would look on the possible losses amounting to better than SU,000

as a death warrant to his enterprise. |If such is the case, he may dis-
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count the mean Vi-C!' to a negative value., Say the functional relationship
between UC and GV for Rancher X is represented by F3. In this case, where
the CV value is .90, the UC factor would be a -.10. The average expected
“Y1-C' would for this rancher have an effective value of a negative $585.00,
Certainly, this rancher would not choose to make the investment.

Rancher Y as opposed to Rancher X, is.in such a position that the
possible loss of $L,000 plﬁs over a period of fifteen years would not
materially alter his financial condition, but the possibility of gains
amounting to almost $20,000 would have a material effect. This conditibh
might exist because of one of two extreme conditions. The ranchér may be
well enough fixedlfinanciallylso that a possible loss of this nature ﬁoyld
not seriocusly alter either his standérd of 1living or his financial condi-
tion. This rancher can in effect afford to gamble, The other extreméﬂis
where the rancher might be so far in debt that bnly a material gain can
preserve his rgnch liquidity, He.is going broke anyway so the possibility
of a $L,000 plus loss cantt hurt, and the possible $20,000 gain may save
him, This rancher is placed in such a position that he can't afford not
to gamble if he wishes to continue as a rancher, The functional relation=-
ship between Uﬁ and CV for a rancher in either of the positions mentioned
gbove might be more nearly that relationship which is represented by’FQo
In this case, where CV = .90, the UWC value would be .75, and the mean
Vi-Ct of $5,850 would have an effective value of $4,387, In this case,
it is extremely likely that the rancher would choose to make the invest-

mente

In the final decision as to whether or not to make the investment
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in the water spreader, he will compare the effective profit from the_water
spreader with the effective income of alternative investmeﬁts. If the
alternative investments are such that they'require a different level of
capital of investment over a different economic horiion, the rancher would
compare the percent profit per year as was done above on pp. 62=63,. Sec—
tion ITI. That investment showing the greatest percent profit per year
would be the.invesfment with greatest chance of maximum net ranch income.

Additional value may be placed on the water spreader which was not
apﬁarent in the valuation process used above. fhe rancher may place high
value on the convenience of having the hay produced on the ranch, However,
it must be remembered that the production is only 80% efficient and the
ranéher may have to buy hay two years out of ten. If an alternative %ne
vestment, such as déveloping watering places, shows a materially greater
rate of profit, than does the water spreader, the rancher should carefully
scrutinize ény added profit he may plaée on the water spreader because of
convenience and security. It is likely that he would find the buying 6f
hay much more efficient than 80%. In any case, there is little if any
sense of performming any valuation process to determine the goﬁndmess of
a rancher's decision if the result of thé test of soundnesé is paid no

heed,
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V. <Critique, Appraisal, and Suggestions for Further Consideration.

A, OCritique and Appraisal. The method of valuing which was de-

veloped is not, nor was it intended to be, an empirically precise and
exact method of valuing. Rather, the method was meant to be a framework, .
or atmosphere, within which é valuing process could take place, -The nine
alternatives which were calculated in Section IV are only a few of‘thel
dlmost infinite number of. alternatives which could be calculated, -As
assumptions are dropped, the number of alternatives increases., However,
so that it ﬁightlbe possible to reach some conclusion in the short spén
of this paper, limiting assumptions were introduced,

The method used was - cumbersome, but the very nature of the‘subject
seems to have this cumbersomeness as an intrinsic part of its being,
While the future is never known with éertaintyb complete uncertainty must
" be converted to some degree of certainty for the purpose of actiqn. The
planning agent necessarily tékes some order of probabilities as a basis
for his projectionsﬁ _This was the attempt made in this_paper? .While_
probabilities need not be handled in the awkward and often obscure ways
that they wefe handled in ‘this paper, there are difficulties inherent in
the pondering of probabilities, This difficulty increases as the number
of interdependent probabilities increases,

With some excepfions9 the method developed is not likely to belmore
definitivé than the method of valuing which 1s presently used by ranchers
in practice, = The method presently used by the rancher is apt to be less
complete than the method developed herein because of his ignorance and/or

the difficulty in handling many variables, But, it is pointless to




107,
belittle the rancher for some of the weaknesses in his method of valuing,
The fact remains that ranchers do feach a decision with regard to.a sunken
1 investment. This they accomplish, and this, a systematic review of a.
method of valuing did not accomplish, For, when one attempts to view a
éomplex problem such as valuing a sunken investment in the light of com-
plete rational behavior, it is doubtful that a final and absoclute value
can be reached. After an attempt to accomplish the abové, one is rather
amazed that the commercial rancher has enough faith in his convictions to
reach a decision, énd is further amazed that the decision is often a wise
one,

The critique of the method -is ;apologetic° Yet, in a sense, it need
not be, -For if the method of valuing which was developed resulted in a
"formula®™ into which a rancher plunked prescribed values and ground out
the answer, it is qgite4likely that two very important facts would have
been igﬂored. Each rancher will view like situations in a different light,
ana each rancher is likely to be a special case because of the physical |
and institutional enviromment in which he lives.

The method developed is not an operational method. It is a purely
academic method, It is no£ meant to be an aid to the rancher in any
direét sense, It is felt, however, that certain important problems in
kriék and uncertainty were explored, Some attempt was made to point Guf
the weakness in basing investment judgments on arithmetic averages.
Because of the variations around.fhis arithmetic average and the impact of
uncertainty, the "decision parameters" are somewhat different froﬁ those

based on the arithmetic -average, -Seemingly, this is a problem that is
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often either ignored or dealt with inadequately. It is not proposed that
this paper dealt with the prqblem adequately, but the problem was not
ignored, -Consciously or unconsciously, this is the central theme of the
paper, It is this problem which is often paramount to the rancher in an
area such as the Great Plains, |

The study was not entirely unfruitful, however. Uncertainty was dis-
cussed in terms of uncertainty equivalents and effective incomes. ¥From
these two‘was derived an Uncertainty Correction Factor (UC) which is a
function of the coefficient of variation (CV), This seems to be one
approach to the problem of risk and uncertainty. The use of an adjusted
discount rate to reflect correction for uncertainty is a convenignt rather
than an accurate method of discounting for risk and uncertainty. No
attempt was made to,distinguish risk and uncertainty as separate entities;
rather, they were treated~as one, While this'fact wgakened the paper, it
provided some concise means 6f evalqatiné ﬁncertainty,

B, -Suggestions for Further Consideration., While it -is not posited

that it will ever be possible to determine the exact nature of the func-
fional relationship between the Uncertéinty}ﬂorrection Factor (UC) and‘
the coefficient of variation (CV) for each and every rancher, it may be
possible to better determine the nature of this relationship for the
aggfegate of ranchers,

One method of approach to this problem\méy be an examination of past
historical daté to determine the type and dégree of gqcértainty which is
apt to confront the rancher in various fields of endeav.or and measure past

reactions of ranchers under these conditions., Once this is done, it might
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be possible to build a questionnaire and/or interview on the basis of this
information which would détermine-the attitude of the rancher toward risks
and uncertainties which are apt to occur again., The attitude of a rancher, -
or for that matter anyone else, towards risk and uncertainty is of a -
psychological origin given other data; e.g., capital position? social
status, etc, It might well be questioned if it is poséible to put a car-
dinal value on a subjective attitude, By analyzing the results ofnthe'
questiénnaire and/o? interviews, it might be possible to establish the
amount and range of discounting the mean.expected results that ranchers
practice, The nature of the functional relationship between the Uncer-
tainty Correction Facgor (UC) and the coefficient of variation (ICV) could
then be found, Once this is done, it would be materially easier to put a‘
cardinal value on the:cost of risk and uncertainty for both the individual
rancher and society. _ o _

Whgrg ﬁhg pqrpgse“qf 6ur agriqulpural policy ?pd_tgghnip&l_agriqula
tural research is to increase the welfare of the individual farmer and
rancher, there are three possible alternative methods.of accomplishing the
desired end, -They are (1) to,increasé expected values of net income, (2)
to reduce variation around expected values of net income, and (3) a com=
bination of one ana two,

The above is true not only for sunken investments, but for all the
various types of endeavor a farmer or rancher may engage in, In the past,
it is felt that both agricultural policy makers and technical agricultural

researchers concentrated too much of their effort on the problem of in-

creasing expected mean values and too little on-the problem of reducing
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variation around an expected mean value, Often, while acting under the
auspices of the first alternative, the third alternative‘resulted. ‘This
was, however, coincidental, When the social cost of risk and uncertainty -
is known, the agricultural policy makers and technical agricultural re-
searchers may be better able to judge the value of a conscious effort to
reduce variations., This is certainly no revelation to those men who are
actively engaged iq increasing the welfare ﬁoéition of the individual

_ farmer and rancher in society.l What is needed are some criteria with
which to judge the effect of variation on the planning agent. At present
there seem to be no workable criteria by which to judge the effect of
variation on the p.lanning.agento It is not proposed that this paper es-
tablishes proper criteria for this purpose, but it should point out the

' need and possible value of some criteria which could evaluate the effect

of variation., Reduction of uncertainty need not consist of pure and simple
reduction of vériation around some mean., The reduction of variation may
be M"lopsided™ in such a way as to place some critical expectatioq in a
favorable position. Such a reduction of ﬁncertainty may be of greatb

value, .Reducing uncertainty is therefore by no means perfectly correlated
with reduction of variation.

Reduction of uncertainty of net income expectations may be beneficial
for the rancher, but it does not follow that the social gain will be.an
aggregate of the benefits received by ranchers.. While no distinction was
made between risk and uncertainty for the individual rancher, it is con-

venient and seemingly expedient to make a distinction between the effecis

of uncertainty to an individual rancher and the effect of all like grouped




- 111,
uncertainties (i.e., risk) to societ.y° The aggregate uncertainty for all
the ranchers concerned may form a rathér insigﬁificant riék for society.
While it may not be possible to develop a specific set of criteria

to value ‘the effect of variation on the planning agent usable by each and

- every réncher, it may be possible to develop a’general set of criteria

which would be usable by technieal and policy. researchers in the field of
agriculture, The information on the effect'of.variation on the planning
agent could be used by these researchers to (1) develop data and results
which are usable as bench marks or guides to the farmer and rancher in
correcting his management decisions for risk and uﬁcertainty; and (2)
place a valué on'the acceptance by society of some portion of the

aggregate risks and uncertainties of the individual farmers and ranchers,
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