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I. I~ffRODUCTION 

Research Problem and Objectives 

An important deterrent to capital expansion, and to business activity 

generally, is uncertainty associated with net returns. Uncertainty may be 

attributed to variations in prices or demand for a firm's output; varia

tions in prices, supplies or quality of inputs; unforeseen changes in the 

technical factors governing conversion of input to output; or unpredictable 

government intervention in output or input narkets. A firm will view its 

total business uncertainty as a combination of these several variables 

measured, for the most part, by' the historical experience of the industry 

as augmented by a prognosis of future conditions. 

In the past half century, there has been a strong trend toward the use 

of long-terr1 or annual sales contracts between farm producers and processors 

as a means of reducing variability of prices and shipment volumes and of 

controlling quality [Hehren]. This trend nay benefit both processors and 

farmers by stabilizing costs of the former and sales revenue of the latter. 

Examples of such contractual situations are farmer-member agreements with 

processing cooperatives, agreements between individual farmers and pro

prietary processors, and contracts signed by bargaining cooperatives with 

proprietary processors on behalf of or in conjunction with member farmers. 

Cooperative and proprietary processors have in the past decade taken 

an interest in contracting the sale of their rirocessed output to distribu

.tors and retailers. Supplying food retailers with private label goods has 

undoubtedly stimulated this trend, since private label goods must be pro

cessed according to quality requirements specified by the retailer. But 

sales contracts are being used over an increasing variety of semi-processed 

and finished agricultural commodities [Garoyan]. 
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The trend toward contract sales in U.S. agriculture is a result of 

several factors, including: the decline of central markets; increasing 

concentration of firms at a).l levels; the growing demand of consumers 

for standardized products, especially as they apply to convenience goods 

and institutional supplies; and the economic unsuitability of input 

fluctuations to heavily capitalized processing and distribution equip

ment. Increasing market concentration and capitalization have been 

especially strong stimulants to contracting. Fewer buyers and sellers 

usually mean less security for both regarding volumes of purchases and 

sales; and larger indivisibilities in processing/marketing equipment make 

short-term economic adjustments more difficult for managers. The in

creasing proportion of agricultural goods shipped under long-term contract, 

in turn, further impairs competitive conditions by reducing the importance 

of free market sales. This snowball effect makes the determination of 

market price and equilibrium conditions of exchange increasingly difficult. 

Marketing contracts may be written in many ways. They may include, 

in addition to price and quantity considerations, specification of ship

ment timing, quality and grade, packaging, transportation arrangements, 

payment timing, dockage terms, credit, technical advice, liability limita

tions, delinquency damages, negotiation stipulations, renewability options, 

tie-ins with other contracts, and conditions under which contracted terms 

will be amended. In formulating its sales and/or purchase strategies, 

the individual firm must not merely choose between open market and con

tract sales, but must choose among the open market and a wide variety of 

contract instruments. More generally, the optimal choice may involve a 

combination or portfolio of sales methods. 

In order to evaluate alternative possibilities, a firm nrust consult 

its own set of business objectives, its willingness to take risks, and the 
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technical and financial resources to which it has access. However, the 

firm's initial choice does not end the contracting process. Mutual 

agreement must be forged between the contracting parties, each of whom 

may have widely differing business objectives and proclivities for risk.

taking, and each of whom may be expected to try to win the nost advan

tageous conditions. Econorrtic analysis of alternative contract strategies 

thus must consider not only the basis for opti1:tal choice of the individual 

firm, but the manner in which teni1s of trade may be varied to achieve 

final agreement between the contracting parties. 

The objectives of this study are (a) to develop a general frame

work which, we hope, will aid ar;ricultural processinf; firms in selectint; 

and evaluatin::?; long-tern contracting strategies, and (b) to .suggest how, 

under restricted circumstances, equilibrium solutions to contracting 

negotiations may be achieved. The study focuses on alternative ways 

of specifying product pricing provisions un<ler conditions of uncer

tainty and aversion to risk. The noclel is applied to a California 

fruit an<l vegetable processing cooperative which contracts backward 

with raernber an<l nonmember growers for tomatoes and forward with 

buyers of the coop's tomato paste. The results show how optimal con

tract choices for producers, processors, and distributors nay be 

affected by various attitudes toward risk and the parameter values 

of alternative pricing formula. 

The Special Nature of Farmer Cooperative Contractinp 

The financial .situation presented by processing cooperative con

tractinG is unique in U.S. business. Grower-mer::1bers are owners of 

their mm processinr; facilities; the cooperative has moral and legal 

responsibility for paying them on some basis of processor returns. 



Since conditions in the processed product market, including the 

character of contracts entered into on that market, affect processor 

profits, returns to 3rowerrmembers are directly affected hy sales 

arrangeme~ts made by the cooperative for processed product. 

Cooperatives may also experiment with alternative contract terms 

governing purchase of raw products from nonmembers. But there are 

legal restrictions that affect the price clauses of nonmember contracts. 

Cooperatives claiming tax exempt status under Internal Revenue Code 

S.521 must conpensate members and nonmeJTlbers alike on a patronage, that 

is, profit share basis [Touche Ross, p. 50]. Even nontax exempt coop

eratives must purchase not less than one-half of their raw product from 

member suppliers, and thus on a profit share basis. The remaining 

purchases may be conducted on any terms buyer and seller agree provided 

trade discrimination laws are not violated. Grower-member returns are 

directly affected by the character of nonmember purchase agreements just 

as they are by processed product sales aEreements. 

Obligations between cooperatives and their membership provide 

another application of contract analysis. Important issues are size 

of membership, distribution of acreage or tonnage allocations among 

members, the nature of advances paid to member-growers at delivery, 

provisions for secondary pools, bases for establishing each member's 

pro-rata share of cooperative net mar~ins, and retain provisions. Hany 

advance payments to nembers, for example, are fractions of n prevailing 

market price. But such prices are not always available or meaningful, 

and in any event members may prefer a nore stable mechanism. 

Although an interesting and important element of cooperative 

organization, membership contracts are not explicitly considered in 

the present report. It is assumed instead that a cooperative is a 
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unified body with an interest in its terms of trade with customers 

and nonmember suppliers. A priuary purpose of processing coopera

tives is to provide a stable return to members' produce; thus special 

attention is paid to the stability of cooperative net margins over 

time, and the influence of alternative narket contracts on this 

stability. 

Alternative Price Clauses of Contract 

To formulate an optimal sales or purchase strategy, it is 

necessary first to explore alternative ways of specifying the tlajor 

contract provisions. In this section, we shall describe briefly a 

range of pricing options which have been used in practice or suggested 

as theoretically appealing. Some of these ideas are applicable to 

a severely restricted set of institutional conditions, whereas others 

have potentially uidespread use. In Table 1.1, selected pricing options 

are organized into nine generic categories, with brief suiillJlaries of 

the expected advantages and disadvantaees associated with each category. 

The fixed price, market price, cost-plus, and sales-minus price 

formulae are discussed in J. Dean, Hirschleifer, and elseiihere, mainly 

in regard to intra-company pricin~. However, they have a broad appeal 

to inter-firm pricing as well. Cost-plus contracts becor.1e especially 

popular in inflationary periods. Sales-minus contracts constitute a 

revenue share and are often used hy cooperatives under the title 

"secondary pool. 11 

The inventory nodel under the r,i.arket price proxy category is 

taken from Chiang, (p. 520); another proxy, the inflation escalator, 

is often employed in government contracts for expensive hardware. 



TABLE 1.1 Alternative Pricing Formulae for Long-Term Marketing Contracts 

a/Pricing formula-

Fixed or negotiated price 

(a) p = ao 

(b) p = al + bl t. 

Market price 

P =MP. 

Market price proxy 

(a) P 	= a + b CPI
2 2 

Cost-plus 

(a) P 	 = UCS + K, K > 0 

(b) P = k•UCS, k > 1. 

Description 

Buyer pays seller a fixed and 
stated price. 

(a) Price may be invariant 
over time. 

(b) Price varies over time t, 

Buyer pays seller a market 
price MP defined as to time 
period, place and product 
specifications. 

Buyer pays seller a price 
determined by value of some 
agreed economic indicator. 
For example 

(a) 	Price may vary with con
sumer price index CPI. 

(b) 	Price may vary with in
ventory level I of 
buyer or seller. 

Buyer pays seller the 
latter's unit production 
cost UCS plus a premium. 
Cost may be specified to 
include total cost or only 
variable cost. Price may 
be determined by: 

(a) 	Adding a constant K to 
costs. 

(b) 	Multiplying costs by a 
number k greater than 
one. 

AdvantageJU" 

Eliminates price uncertainty. 
May reflect competitive con
ditions if buyer and seller 
are equally powerful 
negotiators. 

Eliminates possibility of lost 
market opportunity for either 
party. 

May be used to "simulate a 
market" if none exists. 

(a) 	Stabilizes buyer and 
seller purchasing 
power. 

(b) 	Stabilizes buyer and 
seller inventories; 
has theoretical merit 
as price determinant. 

(a) 	Guarantees seller a fixed 
gross margin. 

(b) 	Guarantees seller a rate 
of gross margin over 
cost. 

Disadvantages~/ 

Does not relate to a.supply or 
demand variable, nor to any 
measure in the light of which 
both parties may consider P 
"fair." 

Market price may not exist, 
represent a small proportion 
of transactions, or be highly 
unstable. , 

Requires extensive statistical 
analysis or significant assump
tions to verify the market 
model. 

(a) 	Poorly related to any 
specific industry con
ditions. 

(b) 	Does not explicitly con
sider current production 
or future supply/demand 
expectations. 

May discourage seller from mak
ing cost-saving technical 
changes. Seller may pad costs. 

(table continued) 



TABLE 	 1.1 continued 
a/

Pricing formula-

Sales-minus 

(a) P ~ URil - L, L > 0 

(b) P = (t•URB), 0 < t < 1. 

Prof it share 

(a) P 	= (URB-UCB) - Z, Z > 0 

(b) 	P = (URB-UCB)z, 
O<z<l. 

Description Advantages.£./ 

Buyer pays seller a portion 
of the commodity's unit re
sale value URB. Price may 
be determined by: 

(a) Subtracting a constant L 
from the buyer's unit 
resale value. 

(b) Multiplying the buyer's 
unit resale value by a 
constant t less than 
one. 

(a) Guarantees buyer a fixed 
return over the indi
cated input. 

(b) Guarantees buyer a rate 
of return over the in
dicated input. 

Buyer pays seller a portion 
of net unit profits URB-UCB 
earned from the connnodity's 
resale. Profit calculation 
may include or exclude fixed 
expenses. Price may be 
determined by: 

(a) Subtracting a constant Z 
from the buyer's unit 
profit. 

(b) Multiplying buyer's unit 
profit by a constant z 
less than one. 

(a) Buyer transfers entire 
profit risk to seller, 
an advantage if buyer 
risk in other activi
ties is already near 
psychological limit. 

(b) Buyer transfers part of 
profit risk to seller, 
an advantage if buyer 
is not willing to bear 
all additional profit 
risk. 

Disadvantages.£./ 

May discourage buyer from 
vigorous marketing efforts. 

May discourage buyer from 
vigorous profit seeking 
behavior. 

(table continued) 



TABLE 	 1.1 continued 

Pricing formul~ 

Market price, cost-plus 

combinatio~/ 

(a) 	P = k•UCS if and only 
if -M < (MP - k•UCS) 

_:::_ M; MP .± M other
wise. 

(b) 	p = k·UCS if and only 
if -m·MP < (MP 
k·UCS) < m-_MP; MP + 
m•MP otherwise. 

(c) 	p = k•UCS if and only 
if -m•MP < (MP 
k•UCS) < 'ii·MP; MP 
n(MP - k•UCS) other
wise. 

Description 

Buyer pays seller cost-plus 
unless this differs too 
much from the market price, 
in which event a compromise 

price is calculated •.<:!/ Max
imum cost-plus, market price 
difference and/or compromise 
price may be calculated on a 
constant or proportionate 
basis. Some combinations 
are: 

(a) 	 If cost-plus and market 
price differ by more 
than a constant M, the 
market price plus/minus 
this constant is used. 

(b) 	 If cost-plus and market 
price differ by more 
than a percentage m of 
the latter, the market 
price plus/minus this 
percentage is used. 

(c) 	 If cost-plus and market 
price differ by more 
than a percentage m of 
the latter, the market 
price less a percentage 
n of this difference is 
used. 

Disadvantages£_/Advantages.£/ 

Eliminates possibility of ex
treme market opportunity 
loss under cost-plus pric
ing. Shares advantages of 
market price and cost-plus. 

(a) Buyer and seller can stip
ulate a fixed maximum 
market opportunity loss. 

(b) Price acquires coefficient 
of variation of market 
price when "stuck" at the 
maximum price differen
tial. May have lower or 
higher variance than 
price when "stuck". 

(c) The price does not "stick" 
at the maximum cost-plus, 
market price differen
tial; consideration of 
costs are retained be
yond this point. 

I 

Shares disadvantages of market 
price and cost-plus 0 

(a) 	Price acquires variance 
of market price when 
"stuck" at the maximum 
price differential. 
May have lower or higher 
coefficient of variation 
than market price when 
"stuck". 

(b) 	Buyer and seller cannot 
set a fixed maximum 
market opportunity loss. 
Buyer's and seller's 
protection from oppor
tunity loss falls as 
opportunity loss rises. 

(c) 	Neither fixed nor pro
portionate maximum 
opportunity loss is 
guaranteed. 

(table continued) 



TABLE 1.1 continued 
alPricing formula- Description Advantages£/ Disadvantages·£/ 

Market price trend contact 

(a) P= MP/X + (~·X ~ 1) 
(MP t-1 + MP t-2 + 

+ MPt-n) 

(b) P = MPt/X + l/(a
1 

+ 

a2 + ••. + an) 

(x ~ 1) (alMP t-1 + 

+ 

Buyer pays seller a fraction 
the current period's market 
price MPt plus a moving aver

age of previous period's 
prices yet unpaid over the 
time horizon t 1, 2, .•. , n. 
There are variations in cal
culation of both current and 
residual components; 

(a) The residual component's 
moving average weights 
each past year equally. 

(b) The residual component's 
moving average weights 
recent years greater 
than distant years. 

Eliminates possibility of lost 
market opportunity, on the 
average, over time horizon t = 
1, 2, •.• , n. Avoids fluctua
tions of market prices. 

(a) Provides maximum price 
stability. 

(b) Prices become more re
sponsive to recent 
market opportunities, 
new trend developments, 
as recent years' 
weights are increased. 

Requires a benevolent buyer 
who will handle periodic 
surpluses properly. 

(a) Slow to react to new 
trend developments. 

(b) Prices become less 
stable as recent 
years' weights are 
increased. 

(c) P = MP /X + 

[(MPt-1 + MPt-2 + 

• . + MP t-n) -

(MP t-1 + ~-2 + 

• . + MP t-n) /X] 

(c) The current component may 
only be a~preliminary 

estimate MPt of the 

current market price; 
the residual component 
must then include com
pensatory payments where 
past estimates differed 
from realized prices. 

(c) May be used when prelim
inary payments are 
sought before market 
price is known. 

(c) Works well only when an 
adequate price predic
tion model is avail
able. 

(table continued) 



TABLE 1 1 . continued 
b/ Disadvantages!?./Pricing fot'lllula!/ Advantages-Description 

Assumes buyer and seller 
which maximizes the sum of 

Maximizes the sum of buyerBuyer pays seller the priceJoint 2rofit maximu~/ 
identify strongly with one 

profits of the two firms. 
and seller profit. Promotes 

another. Requires extensive 
The fonnula differs according 

cooperative behavior. 
data collection and analysis. 

to conditions in the external Hay produce extensiV'e price 
market: swings, 

(a) 	If there is no external 

market, buyer pays 

seller that price equat
ing seller's marginal 

cost MCS with buyer's 

marginal revenue net of 

marginal residual cost 

HRB - MRCB. 


(a) P • HRB - HRCB • HCS 

...(b) If there is an imperfectly(b) p • MRB - HRCB • MCS 
competitive external 
market, buyer pays 
seller that price equat
ing seller's marginal 
cost net of external 
marginal revenue EHRS, 
with buyer's marginal 
revenue net of mar
ginal residual cost. 

EHRS 

(c) P • HP (c) 	If there is a perfectly 

competitive external 

market, buyer pays 

seller the market price; 

each trades freely on 

this market. 


!!1 	 Som.e of the formulae listed under negotiated, market, cost-plus and sales-minus prices are taken from J. Dean and Cook. 
The inventory model as a market proxy is found in Chiang, p. 520. Profit share is derived from a common understanding of 
cooperative operation. Market price, cost-plus combinations are proposed by the authors. The market price trend contact 
is found in Bauer and Paish. and the joint profit maximum in Hirschleifer. 

'!!_/ 	 Advantages and disadvantages apply to buyer, seller, or both, as indicated. 

E_/ 	 Similar com.binations may be designed for sales-minus and market price, or profit-share and market price. 

!/ 	Differences between cost-plus and compromise prices may be paid at each delivery, or their sum may be payable at termina
tion of contract. 

!_/ 	 Marginal revenue is the increase or decrease in revenue caused by a unit increase in output. Marginal cost has a parallel 
definition. The formulae for a joint profit maximum are more exactly expressed in mathematical symbols, where a indicates 
partial derivative and Q the buyer's output. In case (a) for example, the buyer sets P • 3RB/3Q - 3CB/3Q, and the seller 
sets P • 3CS/~Q. Subtracting the latter from the former yields JRB/aQ - acB/3Q • 3CS/3Q, which maximizes the sum of the 
two firms' profits. In case (b) marginal revenues and marginal costs arc similarly grouped to yield the classical profit 
maximum condition. 
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Profit share contracts are inspired by processing cooperatives' 

arrangements for compensating grower-members, .but they need not be 

used only in a cooperative context. An essential requirement is that 

buyer and seller develop a strong common interest. A good example of 

this is profit share compensation for managerial labor. 

The market price, cost-plus combination is proposed by the 

authors!/ to compensate for the possibility that cost-plus prices may 

fall too far out of line with external or "opportunity" market prices. 

Sales-minus and profit share contracts could similarly be specified 

with market price regulators. 

A "market price trend contract" was proposed by Bauer and Paish 

with a view to standardizing the pricing policy of farmer marketing 

boards or stabilization schemes. The goal was to prevent such boards 

from accumulating excessive reserves or requiring external support, 

while simultaneously smoothing annual farmer income fluctuations. 

The joint profit maximum price is owing to Hirschleifer, with 

later extensions by Gould and others. A buyer and seller employing 

this price maximize the sum of their prof its if they severally maxi

mize profit according to neoclassical economic theory. Such a scheme 

is best suited for goods transferred among a firm's decentralized profit 

centers. 

1/ There is also reference to this idea in Williams. 
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II. STRUCTURE OF THE TIIEORETICAL AND EUPIRICAL MODELS 

The objective of this report is to utilize the principles of decision 

I' 
making under risk in order to identify optimal sets of long-term contracts 

in a particular trading situation. The situation analyzed, initially 

developed in Buccola, includes a California processing cooperative, a 

customer for its bulk tomato paste, and a grower who supplies tomatoes to 

the coop on both a member an<l nonmember basis. The processor under inves

tigation is a single pool, nontax-exempt cooperative that processes a 

number of fruits and vegetables other than tomatoes, including peaches, 

olives, and pineapple. The distributor who purchases the coop's tomato 

paste reprocesses it into tomato sauce. To simplify, the wholesale value 

of this sauce is assumed to be the distributor's only revenue source. The 

modeled representative grower raises corn, wheat, and dry heans in addi

tion to processins tomatoes. All sales and purchase contracts between 

1/these firms stipulate fixed quantities and hold in force for ten years.

Cooperative membership through its board of directors is conceived as 

making the final coop marketing decisions in response to alternatives 

suggested by management. Processor returns are <livide<l anong members at 

the close of each narket year. Hence, these returns measure revenue net 

of processing cost and nonmenher raw product cost only; valuation of raw 

product delivered from members is excluded. 

};./ The current usual practice in processinr, tomato markets is for grower 
and processor to sign a one-year fixed price contract before rlanting 
time in March. Processed tomato products are normally sold on a spot 
price basis. However, there is rising interest in developing suitable 
bases for long-term agreenents in both raw and processed markets. Adapta
tion of one-year contracts to the model developed in this study is 
straightforward. 
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Decisions Under Risk 

It is assumed that distributor, cooperative processor, and nonmember 

basis grower each seeks to employ a set of market contract formulae that 

maximizes its own expected utility, subject to the condition that terms 

will be mutually agreeable and trade will occur. 

According to the concept of expected utility employed here, a firm's 

profit or net returns (TI) are expressed as a function of: (1) a set of 

random revenue and cost terms (r, c), some of which represent alternative 

sales or purchase contract formulae for particular goods, and all of which 

are associated with specified probability distributions and covariance 

relationships; and (2) a set of decision variables (d) whereby the firm 

selects, from among the alternatives, a portfolio of marketine; contracts 

through which to market its goods and purchase its resources. In general 

notation, 

(1) TI= TI(r, c; d)~ 

Once a portfolio of contracts, and thus of revenue and cost terms r, c, are 

selected from among those specified in (1), the firm is thought to observe 

random values of these variables and consequently a ran<lom profit value. 

Since profit is random, it is itself associated with a probability 

distribution that has, generally, r.1ean, variance and higher :moments. From 

formulae defining the moments of sums of random variables (J. Freund) it 

2 . 
is clear, for exal'lple, that the r.1ean (µ ) and variance (a ) of (1) are

TI . TI 
" 2

functions of the means (µr' pc)' variances (cr;, ac), and covariances ar,c 

of revenue and cost terms selected: 

(2) p = ii • d)JJTI(µr'TI c' 

? 
(3) CJ 

2 = a2(a2 a-, a d).TI TI r' c r,c' 
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Each portfolio of market contracts considered is associated with an expected 

value of profit, and a variance of profit which represents the firm's risk. 

The firm also posse9ses a preference ordering or utility function (U) 

through which it evaluates any profit figure proposed: 

(4) U=U(rr). 

Function (4) is assumed nondecreasing and continuous, and constitutes a 

cardinal measure in the limited sense that its uniqueness is preserved 

only under linear transformation. Utility function (4) expresses the firm's 

attitude toward risk. Over ranges for which its second derivative is 

negative, the variance of profit is weighted negatively and the firm is 

classified as risk averse. Where the second derivative is positive, 

profit variance is viewed positively and the firm is risk inclined. Linear 

functions indicate a concern only for expected values of net returns 

[Halter and Dean]. 

Since for each possible portfolio of contract revenue and cost terms, 

random profit drawings from (1) may be evaluated according to (4), each 

possible portfolio is associated with a probability distribution of utili

ties. The expected utility maxim identifies as the optimal portfolio that 

which produces the utility distribution with highest expected value. 

Selection of the maximum expected utility portfolio does not, however, 

require generation of utility probability distributions as such. If utility 

function (4) is given quadratic form, U = a + brr 2 - c'TT , b, c > O, expected 

utility may be expressed as 

(S) E[U(rr)] = bµ'TT 
2 

- cµ'TT 
2 

- ccr'TT, 

whereµ
7T 

and cr 2 
'TT 

are defined as in (2), (3), and E[U(rr)] is expected 



15 


utility. 1/ Function (5) is quadratic and may be maximized by selection of 

decision variable values in (1), that is by choice of the appropriate 

marketing contract portfolio. 

If the utility function is specified as negative exponential, U = K 

- 8 exp[-ATI], K, e, /.. > O, and if profit n is normally distributed, it may 

be shown [R. J. Freund] that expected utility is 

2 2
(6) E[U(TI)] = K - 8 exp[-Aµ + A a /2].TI if 

Function (6) is neither quadratic nor exponential, but the exponent is 

quadratic if profit function (1) is linear in the portfolio decision vari

ables. Hence minimizing the exponent with respect to these decision 

variables effectively maximizes expected utility. 

Hany other forms of utility functions may be considered plausible, 

but most are difficult to estimate and work with empirically. The two 

forms described above are tractable for further analysis in that solutions 

may be obtained by ordinary quadratic programming methods. 

Another, quite different approach seeks to avoid estimation of 

utility functions altogether by assuming (a) that the decision making firm 

is risk averse, and that (b) the distribution of profit or the decision 

maker's utility function is such that only mean and variance of profit 

need be considered in selecting marketing portfolios. An "efficient" set 

of portfolios is then derived from which the firm may select one best 

suited to its utility function. More particularly, if profit (1) is 

approximately normally distributed or utility (4) is quadratic, risk 

1/ In a more general approach, the expected utility function may be ob
tained from the Taylor Series expansion of u. For the first two moments, 

2
the expansion is U(TI) = U(µ ) + ('IT - µ )U'p + (l/2)(1f - µ ) U"(µ ). This 

1f TI TI TI TI 
has expected value E[U(TI)] = U(µ ) + (l/2)a 2U11 (µ ), a form equivalent toTI 1f 1f 

(5) upon substitution of the quadratic utility function. 
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averters prefer, for any named expected value of profit, that portfolio 

of sales or purchase contracts uhich minimizes profit variance [Uarkowitz]. 

An efficient set of por,t:folios therefore consists of the minimura variance 

portfo!io at each feasible level of expected profit. Variance mininiza

tion at each such point, 

... 
(7) o~, s.t. µ =·µ 0 

, all feasibleµ ,rr rr rr rr 

constitutes a quadratic program if profit function (1) is linear in the 

decision variables. 

Section four of this report utilizes the last nethod, referred to .as 

"E-V analysis," in the investigation of the present ;:aarket contracting 

problem. Section five presents estimates of representative utility 

functions for grower and cooperative lJrocessor, and section six enploys 

some of these estimates to derive r.iaximun expected utility marketing port

folios for the three modeled firms under assumptions of quadratic and 

negative e}:ponential utility. 

The Profit Functions 

Profit functions are specified below which contain alternative sales 

or purchase contract instruments available to the nodeled nonmember grower, 

cooperative an<l distributor. Each function also contains revenue and cost 

terns that are unavoidable and not subject to portfolio choice. Pricing 

arrangements considered for analysis are fixed price, market price, cost

plus, sales-minus, and profit-share.11 The first four are applicable to 

the distributor/reprocessor's purchase and cooperative's sale of bulk 

tomato paste; all five are applicable to the cooperative's purchase and 

];./ Fixed price arrangements are made by substituting a fi~:ed price for 
the random market price. 
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growers' sale of raw tomatoes. These pricing formulae were chosen in 

response to discussions with cooperative leaders and growers; they appear 

to represent the class of contract options most appropriate to agricultural 

markets in the U.S. Limitations of research tlme prohibited inclusion of 

market proxy or the cost-plus, market price hybrid strategies (see 

Table 1.1). The joint profit maximum and market price trend contract 

options were not suitable to the institutional framework modeled. 

The basic components of each profit or net margin function are the 

shares of transactions nllocated to each contractual form (decision 

variables); random variables such as yields, r.iarket prices, and variable 

costs; and parameter values assiene<l to contractual terms. These functions 

are riven in Tables 2.1 to 2.3. In each table, total annual profit or net 

revenue is the sum of the numbered terms jn the table.l./ The positive 

terr.is are revenue iteM.s and the ner,ative terms are cost items. The symbols 

are defined in Table 2.4. 

Def ininf the Cooperative Cost-Plus Sale;, 
and Sales-Minus Purchase Options 

It will be observed that in the cooperative's costs of production to 

which the rate of return m is multiplied, the cost-of-raw-product portion 

is computed on the basis of the market price of toi;i.atoes (cf. line 1). 

i,"hereas the actual set of raw product costs may consist of any combinati.on 

of market price, cost-plus, and sales-minus contracts. The reason for this 

simplification is that inclusion of actual cooperative raw product cost 

1/ The cooperative function is more properly described as a net marfin 
function since it does not include on the cost side any valuation of tbe 
raw product transferred fron ~ember-growers. Throur,hout the balance of 
the report, cooperative net t"argins are usually referred to as such. 
Occasionally the word "profit" is used for convenience, for exar:iple in 
the term "profit share. 11 
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TABLE 2.1 Grower Profit Function 

Component , 

number Component Definitions 


1 +(OAAF)(REVFa )
ntom 

2 +s 
1 

(AAF)(MPt •Ya )
tom tom 

3 

4 +s 3 (AAF)(~)(REVC) 

5 +s4 (AAF) (z) (NMC) 

6 -(AAF)(VCFa )
tom 

7 -(OAAF)(VCFa )
ntom 

8 -FCFtom 

9 -FCFntom 

Revenue from all farm operations other 
than tomatoes. 

A proportion s of revenue (earned from
1 

the allocated tomato acreage AAF) which 
is based on the per acre market value of 
tomatoes. 

A proportion s of revenue based upon
2 

the farmer's variable production cost 
times a rate of return k. 

A proportion s of revenue based upon
3 

total cooperative revenues (or cooper
ative paste revenues) times a markdown ~. 

A proportion s of revenue based upon
4 

a share z of cooperative net margin 
from all cooperative operations 
(membership contract). 

Variable costs of tomato production. 

Variable costs of nontomato (corn, 
wheat, bean) production. 

Total fixed charges allocated to tomato 
production. 

Total fixed charges allocated to non
tomato production. 
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TABLE 2.2 Cooperative Net Margin Function 

Component 
number Component Definitions 

1 +REVCnpst 

2 +V (AAC)(l/x)(MPt •Ya )
1 pst tom 

3 +V (AAC) (m) (MPtt •Ya )
2 om tom 

4 +v (AAC)(m)(l/x)(NTVCCt •Ya )
2 pst tom 

5 +v (AAC)(n)(l/xy)(MPt •Ya )
3 see tom 

6 

7 

Revenue earned from nonpaste pro
cessing operations. 

A proportion v1 of the market value 

of bulk tomato paste (market price 
sales option). 

A proportion v of the market value
2 

of raw tomatoes used in tomato paste 
manufacture, times the cooperative 
rate of return m. 

A proportion v of the nontomato
2 

cash cost of processing tomato paste, 
times the cooperative rate of return 
m. (Lines 3, 4 are the cost-plus 
sales option.) 

A proportion v of the distributor's
3 

revenue from tomato sauce (that was 
produced from the cooperative's bulk 
tomato paste) times the cooperative's 
revenue share n (sales-minus sales 
option). 

A proportion R of the market value
1 

of tomatoes used in paste manufac
ture (market price purchase option). 

A proportion R of the total vari
2 

able costs of farm production of 
processing tomatoes, times the farmer 
rate of return k (cost-plus purchase 
option). 

(table continued) 
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TABLE 2.2 continued 

Component 
number Component Definitions 

, 
8 -R (AAC)(£)(REVC)3

9 -(AAC)(l/x)(NTVCCt t.yat )
ps om 

10 -vccnpst 

11 -FCC
pst 

12 -FCCnpst 

A proportion R of the cooperative's
3 

sales revenue from all operations, or 
all paste operations, times the 
farmer revenue share £ (sales-minus 
purchase option). 

Total nontomato variable costs of 
bulk paste production. 

Total variable costs allocated to all 
cooperative operations other than 
bulk paste. 

Fixed costs allocated to all bulk 
paste production. 

Fixed costs allocated to all cooper
ative operations other than bulk 
paste. 
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TABLE 2.3 Distributor Profit Function 

Component 
number Component Definitions 

1 +(AAD)(l/xy)(MPt •Yat )
see om 

2 
t a

-W1 (.AAD)(l/x)(MP t•Yt )ps om 

3 
t a

-W2(AAD)(m)(MPt •Yt )om om 

4 -w2 (AAD)(m)(l/x)(NTVCCt •Ya )
pst tom 

5 t a-W3(AAD)(n)(l/xy)(MP •Y )
see tom 

6 -(AAD)(l/xy)(NPVCDt .y8 )
see tom 

7 -FCD see 

Revenue earned from sale of 
tomato sauce at market prices. 

A proportion w of the market
1 

value of bulk paste used in 
sauce manufacture (market price 
option). 

A proportion w of the market
2 

value of raw tomatoes used in 
the manufacture of paste (which 
is in turn employed in sauce 
manufacture) times the coop's 
rate of return m. 

A proportion w of the non
2 

tomato cash cost of processing 
bulk paste, times the coop's 
rate of return m. (Lines 3, 4 
are the cost-plus option.) 

A proportion w of the dis
3 

tributor's revenue from tomato 
sauce sales, times the coop's 
revenue share n (sales-minus 
option). 

The distributor's nonpaste 
variable (costs of) processing 
tomato sauce. 

The distributor's fixed (costs 
of) processing tomato sauce. 
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TABLE 2.4 Definitions of Terms for Tables 2.1 through 2.3 

Terms Definitions 

Nonrandom variables 
distributor chooses 
contract options. 

(proportions) by which the 
a portfolio of purchase 

Nonrandom variables 
cooperative chooses 
tract options. 

(proportions) by which the 
a portfolio of sales con

Nonrandom variables 
cooperative chooses 
contract options. 

(proportions) by which the 
a portfolio of purchase 

Nonrandom variables (proportions) by which the 
farmer chooses a portfolio of sales contract 
options. 

(5) A.AD, AAC, AAF The acreage which, at expected yields per acre, 
the distributor (cooperative, farmer) calculates 
will be required to just meet target tomato 
sauce (tomato paste, tomato) production. 

(6) ya 
tom 

Tomato yields in tons per acre. 

(7) MPt 
tom 

Market price of processing 
in dollars per ton. 

tomatoes at farm gate, 

(8) MPt 
pst Market price of tomato paste packed in 55-gallon 

containers, at paste plant, in dollars per ton. 

(9) MPt 
see 

Market price of tomato sauce which is produced 
with bulk tomato paste as its principal input, 
at sauce plant, in dollars per ton. 

(10) VCFa 
tom 

Variable (cash) costs to produce an acre of pro
cessing tomatoes, Central Valley, California. 
(Additional o and ~ subscripts represent owner 
and lessee costs, respectively.) 

(11) NTVCCt 
pst Nontomato variable (cash) costs to produce 

ton of bulk tomato paste, including tomato 
transport to cannery. 

one 

(table continued) 
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TABLE 2.4 continued 

Terms Definitions 

(12) NPVCDt 
see 

(13) FCD 
see 

(14) FCC
pst 

(15) FCF 
tom 

(16) REVCnpst 

(17) REVC 

(18) NMC 

(19) REVFa 
ntom 

(20) OAAF 

(21) vcc 
npst 

(22) VCFa 
ntom 

Nonpaste variable (cash) costs to produce one 
ton of tomato sauce, including paste transport 
to sauce plant. 

Fixed costs incurred by the distributor for 
production of tomato sauce. 

Fixed costs incurred by the cooperative for 
production of bulk tomato paste. 

Fixed costs incurred by the farmer for pro
duction of processing tomatoes. 

Revenue earned by the cooperative in its non
paste processing operations. 

Revenue earned by the cooperative from all 
processing operations, or all paste process
ing operations. 

After-tax net margin earned by the cooperative 
from all processing operations, not including 
the market value of raw products transferred 
to the coop by farmer-members. 

Weighted average revenue per acre earned by the 
farmer from all nontomato operations. 

Acreage allocated by the farmer for nontomato 
operations. 

Variable (cash) costs allocated by the cooperative 
to its nonpaste processing operations. 

Weighted average variable (cash) costs per acre 
of the farmer's nontomato operations. 

(23) FCCnpst Fixed costs allocated by the cooperative to all 
nonpaste processing operations. 

(table continued) 
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TABLE 2.4 continued 

Terms 	 Definitions 

(24) 	FCF t , Fixed costs allocated by the farmer to all non
n om tomato operations. 

(25) 	m > 1 The proportion of its cash costs charged by the 
cooperative to those with whom it has signed a 
cost-plus sales contract; "cost-plus markup." 

(26) 	 n < 1 The proportion of the sales revenue from tomato 
sauce which is returned to suppliers of bulk 
paste with whom the distributor has signed a 
sales-minus purchase contract; "sales-minus 
markdown." (1-n) is then the distributor's re
sale margin. 

(27) 	 k > 1 The proportion of its cash costs charged by the 
farmer to those with whom he has signed a cost
plus sales contract; "cost-plus markup." 

(28) 	 R, < 1 The proportion of the sales revenue from all co
operative operations, or all paste operations, 
which is returned per acre to tomato farmers with 
whom the cooperative has signed a sales-minus 
purchase contract; 0 sales-minus markdown." (1-£,) 
is then the coop's resale margin. 

(29) 	 z < 1 The proportion of the after-tax net margin from 
all cooperative operations, not including the 
market value of raw products transferred to the 
cooperative by farmer-members, which is returned 
per acre to tomato farmer-members with whom the 
cooperative has signed a profit-share contract. 

(30) 	~/ Tons of tomato paste required to produce one ton 
of tomato sauce. 

a/
(31) 	x- Tons of raw processing tomatoes required to pro

duce one ton of tomato paste. 

2:_/ Per ton variables MPt , NTVCCt MPt are converted to a per
pst pst' see 

ton raw product basis by appropriate conversions in x, y. In the 
remainder of this report, when per ton variables are expressed on 
a raw product basis they are signified with the superscript tr. 

t 	 tr t tr t _
The conversions are MPt - MP , MP /x - MP , NTVCC /x = om tom pst pst psttNTV r t tr 

CCpst' MPsce/xy - MP see' 
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would involve a circular argument: one of these costs, signified by the 

proportion R
3

, is computed on the basis of cooperative revenues less a 

resale charge (1-Q.). But one of these. latter revenue sources, si3nified 

by proportion V..,, is computed on the basis of cooperative costs, It is ,_ 

not possible for revenues and costs to be defined on the basis of one 

another, because the calculation of both awaits a proper definition of at 

least one of them. Thus, even though actual cooperative costs of buying 

raw product derive from some portfolio of market price, cost-plus, and 

sales-minus, the definition of production costs used in defining the v2 

revenue option (cost-plus) must be imputed to one of these alternatives, 

say narket price, only. 

A similar simplification is required to specify the cooperative sales-

minus purchase (or p,rower sales-minus sales) option in the case where Rb"'VC 

represents paste rather than total revenue. If the modeled cooperative 

paid its sales-minus suppliers on the basis of its optimal contract revenue 

from tomato paste sales, the cooperative net margin function would be 

quadratic. That is, the sales-minus purchase option would contain sales 

portfolio proportions, Vi, i = 1, 2, 3 as uell as the purchase proportion 

R • Since quadratic profit functions lead to quartic expected utility3

functions that are computationally intractable, cooperative paste revenue 

per ton is represented in option R by the narket price of paste. Thus, it
3 

is assumed for the purpose of this option that all cooperative paste is 

sold at market price. 

The Expected Acreage Requirement 

Use and construction of the expected acreage requirements are espe

cially inportant in this model. Consider, for example, the coop's expected 

acreage requirement MC. If the cooperative net nargin were to be specified 
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on the basis of the cooperative cannery's capacity in barrels of paste, 

tthen line 2 of Table 2.2, for example, would appear as+ v (QP 0 )(HP ),1 pst 

where QP 0 is cannery c,.apacity. This specification, however, does not 

accurately reflect a processing firm's planning behavior. 

If sales of processed product are negotiated on a tonna~e basis, the 

processor calculates the acres require<l, at current expected yields, to 

produce the requisite raw product, then seeks to contract this level of 

-a 
acreage. Expressing this in mathematical terms, MC = QI' 0 •x/Y , where 

Y
tom 

8 is expected tomato yields. Here cooperative revenues vary only >Jith 
tom 

the per ton price of paste and do not depend upon tomato yields, although 

unexpected yield levels may iuhibit contract compliance or swell processor 

inventories. In these circurristances the appropriate e}:pression for paste 

market revenues is :XVa = cm~t ) cl) (Ya ) • 
tom pst x tom 

If sales of processed product are negotiated on nu acreage basis, 

the processor commits for sale the at.'lount of product that may be processed 

in any year from a specified acreage AAC. In this case, revenues rise and 

fall with per acre yields as well as per ton prices; the per acre aarket 

value of paste is redefined as Rva = (HPt )(.!..)(Ya ) uhere Ya is 
· pst pst x · tom ' tom 

rantlon. 

The Future Profit Strear.i. 

The expressions in Tables 2.1, 2.2, an<l 2.3 outline the profit compu

tations for a particular year, but lonr;-term contract decisions require 

expected values (neans) and variances of the discounted flow of profits 

over the life of the contract. In the empirical analysis this requires 

that we estimate the expected values and variances of each of the random 

price, cost, and yield variables listed in Tables 2.1, 2.2, and 2.3. The 

expected present value of the future profit stream may be obtained by 



27 

replacing each random variable in the annual profit equation with its 

expected value, appropriately discounted for each future year of the con

tract, and summing over years as well as revenue and cost terms. The 

associated variance of the discounted profit sum is obtained by: (a) 

replacing each random variable in the profit equation with its variance, 

(b) squaring all nonrandom coefficients of these variables, including the 

appropriate discount terms, (c) introducing twice the covariance of each 

pair of random variables, retaining the coefficients of the original vari

ables, and (d) surm:ning over years as well as revenue and cost terns. 

In the si~ple case where only one revenue term r and one cost term c 

are involved, the discounted profit sum TI over T years is 

(S) 

where i is the annual interest rate. The associated expectation µ and
TI 

2variance a are then
TI 

T 

E (TI) = r, 1 

[E(rt) - E(c )] 

t=l (l+i)t t 


(9) 
T 

var (TI) = l: 
1 

[var(rt) + var(ct) - 2 cov(rt' ct) J • 
t=l (l+i) 

Estimated values of ten-year discounted sums of means, variances, and co

variances of random variables specified in Tables 2.1 to 2.3 are presented 

in the next section. 
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III. ESTlMATIOH OF EXPECTED VALUES, VARIANCES, AND COVARIANCES 

In a purely static econoray in which prices and costs varied randomly 

I' 

around fixed equilibrium values and the technology of production remained 

constant, the expected value of each variable could be estimated as the 

mean of historical values and the probability distributions could be esti

mated from the deviations around the means. In the real dynamic world, 

however, price, cost, and yield variables rrtove over time and decision 

makers typically project such movements in forming their expectations as 

to future values of the variables. Thus, our estimates of expected values 

and variances must include a specification of the decision maker's projec

tion system. 

Projection Methods 

Expected Values and Variances 

In this stucly, w-e have assumed that the projections of the distributor, 

cooperative, and r,rower decision n..1.kers can be represented by sinple linear 

trends. With this assuription, the present value of any cost or revenue 

variable X in a future year t can be identified by the equation 

where K is the variable's current value, B a linear trend, Et an error about 

the trend line, and i a discount rate. There are two sources of uncertainty 

regarding the value of Xt: the trend E which X will follow and the error E 

1/in any year t around the trencl. Thus both r. and Et are random.- The mean 

and variance of Xt are 

];_/ Alternative developraents of prediction probabilities are found in many 
sources, for exa.r.1ple Johnston, pp. 152-155. 
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1= [K + tE(B) + E(E ) ]--
t (l+i) t 

(11) 2 1= [t var(B) + var(Et) + (2t)cov(B, E )] • 
t (l+i)2t 

It is assumed, as in most regression analysis, that error expectation E(Et) 

is zero. Similarly, cov(B, Et) is zero under the reasonable presumption 

that the distribution of error terns does not change according to the trend 

selected. The simplified forms of (11) are 

1= [K + tE(B) ]--
(l+i) t 


(11)' 

2 1

var(Xt) = [t var(B) + var(Et)] Zt • 

(l+i) 


If discount rate i = O, E(Xt) rises or falls linearly with t and 

var(Xt) rises quadratically with t. If i > O, the possibilities for both 

functions are nore complex. In particular, differentiating each function 

(11)' with respect tot indicates that discounted mean or variance may 

decline continuously over time; or either may rise, reach a maximum, and 

decline thereafter. 

After estimates of E(Xt), var(Xt) are obtained, they are surnned over 

the planning horizon t = 1, 2, ••• , T. The result is a set of nomeuts 

which reflect the probability of the present value sun of each variable X. 

In cases where the sul!lllled moments refer to price variables, summation is 

only meaningful if the associated input and output quantities are con

stants over the T years of the contract. 

Covariances 

Since profit is a function of price, cost, and yield variables, its 

variance is a function not only of the variances of these variables but also 

the covariances among them. In any year, the covariance between any two 
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is 

with correlation coefficient 

(13) 
lvarC~t) var(Xjt) 

2 
t cov(Bh' Bj) + cov(Eh' Ej) 

It is clear that (13), the correlation coefficient component of covariance 

(12), varies across time. Estimation of all correlations (13) would require 

estimates of the joint probabilities of linear trends Bh, Bj as well as of 

the covariances between linear residuals E
1 

, E. )J Owing to the difficulty
1 J 

of estimating cov(Bh' Bj)' it is assumed here that correlation coefficients 

are invariant across time. 

Correlations are estimated by inducing in each historical series ~ or 

Xj its expected future trend. This is acconplishe<l by subtractini; fron 

each historical series the difference between its average annual historical 

chanee and predicted annual change E(B). The correlation matrix is then 

calculated in the usual way. If, for example, the variable ~has an 

historical positive linear trend of 2 per year, and its mean predicted 

future trend is -1 per year, the difference in average annual change is -3 

per year. Thus, zero is deducted from the initial value of X or x
1

, -3 is 

deducted fror•1 x2 , -G from x
3 

, -9 from x4 , and so on. Resultin6 correlation 

!/ The authors thank an anonymous reviewer for clarifying properties of 
the time paths of (11)', and for pointing out the relationships in (12) 
and (13). 
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coefficient estimates are finally multiplied by standard deviations of the 

included variables to form estimates of covariances of each pair of random 

variables specified in the profit functions, Tables 2.1 through 2.3. 

These covariance estimates, together with summed expectation and 

variance estimates, now enable us to represent the present value sums of 

profits in Tables 2.1 to 2.3 which each decision maker faces over the 

planning horizon. 

Converting Moments from a Tonnase to an Acreage Basis 

It was explained in connection with profit function Tables 2.1 to 

2.3 that expression of price and cost variables on an acreage rather than 

tonnage basis allows one to reflect the influence of yield risks on farmer, 

cooperative, and distributor decision making. If contracts specify sales 

on a tonnage basis, it is sufficient to specify yields as constant rather 

than random when constructing the data series. Thus, acreage-basis vari

ables permit us to test both tonnage-basis and acreage-basis sales. 

Several variables such as REVFat , VCFa,o VCFa,i VCFa are ex-
n om tom' tom' ntom 

pressed on an acreage basis to begin with and so require no adjustment. 

Others such as REVC , VCC t are totals with no fixed reference to tonsnpst nps 
tr tr '1Ptror acres. However, the means and variances of MP MP andtom' pst' i· see' 

NTVCCtr were originally estimated on a tons raw tomato equivalent basispst' 

in order to simplify the work of isolating trend probability distributions 

p(B). They are converted to a per acre basis according to 

(14) E cxixJ. ) = J1 i J1 j 

and 

(15) 

where Xi refers to a price variable such as MPtr and Xj is tomato yieldpst 
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Expressed on a per acre basis, HPtr becomes r1V8 
, }n_:>tr becomes 

tom tom pst 

}iVa , HPtr becomes ~lVa , and NTVCCtr becomes NTVCCa • 
pst see see pst 	 pst 

I' 

Expressions (14) and (15) are appropriate under the assumption that 

tomato yields are independent 	of annual tomato, paste, and sauce prices and 

1/annual paste production costs.- This assumption seems reasonable since 

prices for raw tomatoes are set several months before per-acre yields are 

known, and paste and sauce prices are influenced closely by raw tomato 

prices and consumer demand. Moreover, yields are strongly dependent upon 

2/the exogenous weather factor,- Covariances involving these variables are 

estimated by multiplying their standard deviations with correlation coeffi

cients estimated from per-acre historical data. 

Ennirical Estimates 

Estimates of the expected values (means), variances an<l covariances 

of each variable, following the above discussion, were developed in three 

steps. (1) Linear time trends were fitted by or<linary least squares to 

data series for the period 1951-1974. Decisions on long-term contract 

pricing alternatives were considered made in 1974 and the intercept values 

K were estimated as the 1974 trend value of the historical regression. The 

estimates of variance of the error tern, var(Et)' were obtained from the 

historical regressions. (2) Subjective projections and probability esti

mates of future linear trends B uere developed from interviews with industry 

experts. (3) Expected future values ancl variances, EC\) and var(Xt), for 

1/ Proofs of these assertions, and an analysis of moments of product random 
variables, are found in Kmenta, pp. 57-66. 

2:.,/ Such arguments were corroborated empirically. Regressions of tonato, 
paste, and sauce prices a8ainst Solano County yields r,ave insignificant 
results. 
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each variable were then obtained by substituting the estimates developed 

in steps (1) and (2) into equations (10) or (11)'. In the remainder of 

this section we will briefly describe the data series used in the analysis, 

present the historical variance estir..iates, describe and present the subjec

tive trend estiMates, and, finally, present the prediction means (expected 

values), variances and covariances of the profit variables. 

Historical Data Series 

The historical series for most variables, 1951-197li, are given in 

Table 3.1. All but yields are deflated by the wholesale price index 

(1974 = 100), since it is argued that decision makers in 197!1. view his

torical price movements in terms of 197l; dollars. Similarly, price pre

dictions for the future are expressed in 197!+ dollars. Each variable 

series is explained briefly below. Sources and procedures involved in 

constructing the data series are described in Appendices C and D. 

Yields (Ya ). Tot:!ato yields are an iraportant factor in srower,
ton 

cooperative, and distributor profit functions. Thus it is desirable to 

select historical yield series that best represent an individual grower's 

experience of yield variability on the one hand, and the nore ar:gre~ate 

distributor's and cooperative's experience of yiel<l variability on the 

other. However, collection of in<livi<lual 8rowers 1 yield records repre

sents high cost in interview tir.1e; and county <lata, because it is agr;re

gate. underestimates an individual famer 1 s yielJ variance. As an alter

native. we have employed data from a "typical county" as a proxy for the 

a solexperience of an individual r;rower. Solano County (Y ' ) was selectedtor.i 

for this purpose because it is an important county in tonato production 

and exhibits variances and coefficients-of-variation r.ear the county 

weir;hted averar;es of these statistics. 



TABLE 3.1 Annual Series of Revenue and Cost Variables Specified in Profit Functions of the Cooperative 

Processor and Growers, 1951-1974, 1974 Dollars~/ 

(1) (2) (3) (4) (5) (6) l.72 (8) (9) (IQ)
- (11) (12) (13) 

Year ya, sol 
tom 

ya,sc 
tom 

MPtr 
see 

MP tr 
pst 

MP tr 
tom 

REVFa 
ntom 

VCFa,o 
tom 

VCFa,R. 
tom 

NTVCCtr 
pst 

MVa 
see 

~a 
pst 

MVa,sol 
tom 

MVa,sce 
tom 

dollars 1974=100 dollars 

1951 18.68 17.46 454.92 119.63 53.07 129.93 562.39 647.43 61.80 7,942.92 2,088.75 991.46 926.60 
1952 20.95 16.28 398.28 104.98 46.08 135.62 599.87 674.83 63.00 6,483.97 1,709.05 965.36 750.18 
1953 18.68 19.54 425.11 100.52 41. 95 136.36 558.51 609.95 65.80 8,306.67 1,964.10 783.61 819.70 
1954 19.51 17.48 449.16 105.63 37.28 151.94 537.98 598.19 67.00 7 ,801. 96 1,846.45 727 .'S4 651. 65 
1955 20.20 16.67 495.84 127.97 41.58 170.73 549.82 618.27 69.50 8,265. 72 2,133.26 839.82 693.13 
1956 20.60 17.48 454.44 127.59 40.07 158.62 554.69 606.78 73.60 7,943.60 2,230.27 825.45 700.42 
1957 16.12 16.16 413.14 102.35 37.58 158. 77 552.35 564. 72 78.30 6,676.46 1,653.96 605.74 607.29 
1958 18.21 17.89 387.75 89.86 38.42 151.43 524.78 570.23 80.40 6,936.82 1,607.65 699.56 687.33 
1959 14.92 14.51 391. 94 92.17 36.82 153.82 568.18 567.86 83.40 5,687.06 1,337.34 549.33 534.25 
1960 17.52 17.83 408.55 109.32 39.47 155.45 570.65 595.38 83.60 7,284.55 1,944.03 691. 58 703.75 
1961 14.15 15.73 422.67 127. 72 50.99 161.31 579.94 615. 96 85.20 6,648.43 2,009.09 721. 53 802.07 
1962 18.76 19.40 364,89 104.16 46.61 168.25 565.43 613. 71 86.70 7,078.82 2,020.79 874.48 904.23 
1963 19.26 20.31 384.45 107.91 43.03 173.64 582.52 622.04 89.10 7,808.22 2 ,191. 68 828.73 873.93 
1964 24.80 22.94 412.05 112.51 42. 77 176.70 588.88 653.24 90. 70 9,452.48 2,581.03 1,060.76 981.14 
1965 20.34 20.95 450.65 145.48 58.67 185.76 672. 72 745.61 93.80 9,441.07 3,047.85 1,193.30 1,229.13 
1966 20.43 19.91 449.13 120.11 48.12 185.64 691. 64 714.68 96.60 8,942.38 2,391.50 983.16 958.06 
1967 17. 77 17.69 480.69 157.08 61.96 178.13 672. 94 737.30 100.00 8,503.46 2,778.77 1,101.02 1,096.07 
1968 22.43 22.22 450.97 114. 66 54.98 180.03 737.43 797.78 102.50 10,020.45 2,547.80 1,233.27 1,221.65 
1969 22.35 22.39 445.96 80.83 40.89 166.81 760.82 751. 34 105.30 9,985.06 1,809.85 913.89 915.52 
1970 22.60 23.93 452.;LO 81. 73 36.54 189.73 739.06 725.03 111.90 10,818.95 1,955.87 825.87 874.40 
1971 24.41 23.30 447.62 90.34 39.36 183.90 708.28 770.19 119.80 10,429.59 2,104.86 960.75 917.08 
1972 23.86 25.47 448.39 91.38 37.64 212.81 674.74 734.67 124.30 11,420.51 2,327.42 898.08 958.69 
1973 23.57 22.50 428.47 90.83 41.60 361.50 772.52 807.42 133.50 9,640.47 2,043.69 980.57 936.00 
1974 20.50 23.91 523.59 137.75 56.80 312.24 749.55 819.46 151.20 12,519.16 3,293.71 1,164.40 1,358.08 

Correcti7n 
factors.!1. 
(annual 
change) - - - - - +1.54 -10.15 -9.34 - -163.07 -4.07 -5. 95 l -

~/ Cooperative nonpaste revenue (REVC ), nonpaste cost (VCC ), and nontomato paste processing cost NTVCCtr series have not been 
npst npst pst 

reported to preserve proprietary confidentiality. Interested persons should contact Tri/Valley Growers for access to this information. 

]?_/ These historical to predicted trend correction factors were calculated as explained in an earlier part of section IV. 
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The distributor's or cooperative's experience of yield variance (Ya ' SC )tom 

is more nearly represented by average yields in the six counties from which 

the bulk of coop tomatoes is purchased. This average is weighted by the 

proportions of tomatoes purchased by the coop in each county in 1974. Hence, 

one would expect no important bias in the variance estimates from this 

series. Included counties with weights are San Joaquin, .25; Yolo, .20; 

Fresno, .17; Solano, .16; San Benito, .12; Stanislaus, .10. 

U.S. Wholesale Prices of Consumer Size Tomato Sauce (MPtr ). This 
see 

variable is constructed to represent final tomato product prices received by 

the distributor/reprocessor, and is the basis for the sales-minus strategy 

for cooperative bulk paste sales. If the distributor's sales volume of all 

its final tomato products is a constant, its sales revenue from these prod

ucts will vary in direct proportion to a weighted average of realized prices 

of these products, where the weights are the respective volume proportions 

which each product occupies in total sales. 

Unfortunately, there is no specific information on the final product 

mixes of the modeled cooperative's principal customers for bulk paste. 

Since a large majority of the sales of a prospective contracting customer 

is occupied by tomato sauces, such as spaghetti and fish sauces, and the 

best available proxy for these are catsup prices, the latter are used to 

represent distributor's sales revenue. 

U.S. Wholesale Prices of Bulk-Packed Tomato Paste (MP
tr

t). Historical ps 

market price data for California tomato paste in various container sizes 

are available from a number of sources. Because the reported bulk-packed 

(chiefly 55-gallon) series begins in 1965 only, it was extended backward 

in time by reference to a correlated consuner-size series (see Appendix A). 

Farm Prices for California Processing Tomatoes (MPtr ). This series 
- tom 

is reported at-farm because tomato transportation costs to cannery are 
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considered a processing expense. It does not refer to a homogeneous product 

because the solids percentar,es of processing tomatoes oscillate widely 

across seasons and. f'}ri:1s. The series represents only contract prices; 

open·market prices are not easily obtainable and represent a small propor

tion of total tonnage in most years. 

Farmer Hontomato Revenue Per Acre (P-.EVFa ) • The grower is herentom 

assumed to allocate his nontoaato acreage to 50 percent corn, JO percent 

wheat, and 20 percent dry edible beans. These uere typical nontomato 

acreage proportions recorded in interviews tlith niae Central Valley toraato 

farr:ters. Per-acre revenue fluctuations for these commodities result from 

yield as well as price changes. The strong positive trend in this series 

is du'e largely to secular increases in con1 and l!heat yields. 

Cooperative Nonpaste Revenue (REVC ). It is impractical to connpst 

struct a weir;hted average revenue variable for UEVC t' analogous to nps 

REVa for the grower, due to the wide variety of nro<lucts processed by
ntom 

the modeled cooperative. As an alternative, the cooperative has provided 

its aggregate annual revenue since 196Lf, the year of the firm's inception 

in its present forr.1. Although useu in subsequent statistical analysis, 

cooperative revenue and cost series are not reported in order to preserve 

confidentiality. 

Farmer Historical Cash Cost of Tomato Production (VCFa ). There is
tom 

no published tomato production cost data fron which the annual probability 

of these costs, as experienced by a typical tomato farmer, can be effi

ciently estimated. The best sources of production costs are the countywide 

studies performed by the University of California Cooperative Extension 

Service, vhich are put together by volunteer growers anci updated irregu

larly. If there were available a 10- or 15-year series of annual updates 

for any county, one could employ this series to estimate the probability 
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distribution of annual costs. Unfortunately, although annual figures are 

available, they refer to different counties and technological situations. 

Construction of a cost series for a technologically constant firm 

proceeded in four phases. First, recent average per-acre input coeffi

cients for such principal costs as labor, seed, fertilizer, pesticides, 

diesel, and water were estimated from California Agricultural Extension 

Service Reports on the six-county cooperative area. Second, a price series 

for these inputs was constructed covering 1951 to 1974. Third, the input 

coefficients were multiplied by corresponding unit input prices, 1951-1974, 

to obtain the total imputed per-acre costs of each input in each year. The 

latter were then summed across to give principal per-acre costs in each 

year, 1951-1974. Fourth, a miscellaneous cash cost factor, including 

office expenses, road maintenance, and land and equipment taxes, was added 

to principal costs to form the total cash cost series. An account of input 

coefficient and input price series construction for each principal cash 

input is provided in Appendix c. 

Separate cost series are constructed for owner-operator (VCFat,o) and om 
a ishare-lessee (VCF ' ). As an accuracy check, our estimates of 1970-1974tom 

total production costs in nondeflated form compare closely with published 

Extension Service cost totals for these years. For example, our 1973 

nondeflated owner-operator total production costs are $769.58 per acre, 

compared to the 1973 Extension Service San Joaquin county estimate of 

$726.70. Our 1971 value is $623.53 per acre, compared with the 1971 Exten

1/sion Service Solano county estimate of $626.30.

l/ Owner-operated fixed cost of tomato production is assumed to be an 
unvarying $119.66 per acre for the purpose of this comparison (see 
Table 4.5). 
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The constructed series does not represent per-acre costs actually 

experienced in past years, since only recent technological coefficients 

are employed. This 9oes not cause bias in subsequent variance estimates 

since cost-plus sales contracts frequently stipulate that cost savings due 

to technology change during the period of contract are inapplicable for 

computing transfer price. Thus, technology is defined at the time of con

tract signing and cost changes for pricing purposes result from price 

1/changes only.- This is known as a "no pass through" provision. 

Farmer Historical Cash Cost of Corn, Wheat, and Bean Production 

(VCFa t ). Corn, wheat, and bean cost-of-production studies on a county
n om 

wide basis are also published by the University of California Cooperative 

Extension Service. It is possible to construct time series of cash costs 

for these crops in an analogous manner to tomato costs. Since these costs 

do not enter directly into the decision making process in the expected 

utility programs, however, it would not be a good use of research time to 

treat them as we have tomato costs. An alternative taken here is to assume 

that the ratio of standard deviation to mean of costs for each of these 

crops is equal to that of tomato costs. The mean of corn, wheat, and bean 

costs can be taken from current studies and the variances correspondingly 

derived. The variance formula is 

var(VCFat ) var(VCFa )
n om tom(16) ~_,...~~~....,.......,... = _,...~....,...~~~-

[ E ( V CFat )] 2 [E(VCFa )] 2 • 

n om tom 

1/ The implied assumption is that 1951-1974 factor price variance is a 
good estimate of 1975-1984 factor price variance. Suppose, however, that 
the 1974 technology was available in 1951 but not adopted due to high 
factor prices (e.g., color television or transistors). The early 1950's 
price series would be abnormally high and would positively bias the vari
ance of these prices. Labor, fuel. and electricity for tomato production 
would not appear to fall under such a supposition, 
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Cooperative Historical Nontomato Cash Cost of Tomato Paste Production 

(NTVCCtr ). This series was estimated in a manner similar to the farmer
pst 

cost series, VCFa • It applies the "no-pass-through" provision and em
tom 

ploys the set of input coefficients prevailing in 1974, the year a long

term contract is assumed to have been signed. Thus, cost variations result 

from input price changes only and do not reflect potential technology im

provements. 

The cooperative under study operates four processing plants that 

handle tomato products; three of these process tomato paste that is packed 

in SS-gallon barrels and sold to distributors for reprocessing. The ideal 

production cost series would reflect the avera~e cash cost to produce a 

barrel of paste at these three plants, weighted by the proportions of 

barrel paste produced at each plant. Unfortunately, the production con

version coefficients are available for one plant only. Since this plant 

is more capital intensive than the others, and capital costs are measured 

as fixed as opposed to cash, the cash cost series is probably biased down

ward. 

The major components of bulk paste packing costs are labor, steel drum, 

electricity, gas, tomato and refuse hauling, and the tomatoes themselves. 

The proportion of tomato cost to total cost is in the area of 60 to 70 

percent, although this varies radically with annual changes in the market 

price of tomatoes. Since the tomato market price is handled separately 

under HPtr , only nontomato costs are dealt with here.tom 

The historical series of total principal cash costs is formed by mul

tiplying the per-barrel input coefficient of each principal input (labor, 

barrel, power, hauling) by its corresponding annual input price, and adding 

these products across each year. To principal costs are added a miscel

laneous cost factor, formed by taking the ratio of miscellaneous to 
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principal costs in a recent cooperative cost study and multiplying this by 

the principal cost series. The sum of principal and miscellaneous costs 

constitutes total nontomato cash cost. This is an imputed series, meaning
I' 

that it is an estimate of costs the cannery would have incurred had it 

operated from the period 1951-1974. An index form of this series is shown 

in Table 3.1 to protect source confidentiality. Appendix C contains an 

account of price series construction for each principal nontomato cash 

input. 

Cooperative Historical Cash Costs Allocated to Production of Items 

Other than Bulk Paste (VCC t). An annual series of total cooperativenps 

cash costs, covering direct production and selling expenses, was computed 

for 1965-1974 from data supplied by the cooperative under investigation. 

From this series was deducted a portion of costs allocated to drum paste 

production. 

Value-Per-Acre Variables (MVa , MVa , MVa,sc, MVa,sol). The first 
see pst tom tom 

three of these are calculated by multiplying the appropriate per-ton raw 

equivalent price variable by sbc-county yields (Ya,sc) and so are appro
tom 

priate for use in distributor and cooperative models. The last is derived 

a sol
from Solano county yields (Yt' ) instead, and hence appropriate for the om 

grower r.10del. Inasmuch as HVa t is a six-county variable, it is also a ps 

good basis for the grower sales-minus purchase option in Table 2.3. 

Historical Statistical Analyses and Estimates of K, var(Et) 

Results of linear trend fits to the deflated historical series are 

presented in Table 3.2. All trends are statistically significant at the 

95 percent level except for tomato, paste, and sauce market prices. In 

the latter cases, residual variances recorded refer to the nontrended 

series. Average annual historical changes for each variable are recorded 
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TABLE 3.2 


Summary of Results from Time Trend Fits 

to Deflated Revenue and Cost Variables 


Linear trend 

Deflated 
variables 

Residual 
variance 
Ivar (Et) J -2R 

Annual 
historical 

a/change

(dollars) 

(1) 

(2) 

(3) 

(4) 

(5) 

REVFa 
ntom 

MP tr 
tom 

VCFa,o 
tom 

VCFa,J(, 
tom 

REVC
npst 

1, 371. 220 

57.460 

1,748.910 

2,488.010 

132. 710~/ 

.497 

-.013 

.744 

.631 

.697 

5.310 
(4.870) 

.187 
(.832) 

10.150 
(8.230) 

9.340 
(6.350) 

£_/ 

(6) vccnpst 
126 .180~/ .532 £./ 

(7) 

(8) 

(9) 

(10) 

(11) 

MP tr 
pst 

MTVCCtr 
pst 

MP tr 
see 

Ya, sol 
tom 

ya,sc 
tom 

396.410 

.667 

1,271.640 

6.074 

3.504 

-.038 

.870 

.056 

.246 

.630 

-.235 
(-.392) 

.300 
(12.450) 

1.610 
(1.530) 

.212 
(2.920) 

.350 
(6.330) 

2-_f t-values are given in parentheses. 

~/ Values are in trillions of dollars. 

£_/ These figures have not been reported in order to preserve proprietary 
confidentiality. Interested persons should contact Tri/Valley 
Growers for access to this information. 
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for the reader's interest but have no ir.nnediate bearinr; on the distribution 

of future trends B. 

J' 

Estimates of Subjective Trend Probabilities p(B) 

The probability distribntions of B employed to calculate neans and 

variances in (11) 1 are calculated from subjective projections of industry 

and academic experts. A body of literature has developed on the subject 

of subjective probability elicitation; the literature emphasizes techniques 

that promote honesty and systematic introspection in respondents [lla:mpton, 

et al.]. In the present study, advantage was taken of inflation prospects 

to ensure that responses were careful. An expert was first asked to name 

the most likely value, in 1974 dollars, that the variable in question would 

have in 1984. Then he was asked what probability he assigned to observin8 

a value in 1984 some percentage above or below this ri.ost likely value. To 

corroborate these responses, and to ensure the indivi<lual was thinking in 

1974 dollars, he was next asked to consi<ler whether the variable in ques

tion would rise faster, slower, or at the same rate as inflation, whatever 

the inflation rate may be. Probabilities were elicited for the prospects 

of the variable risin3 at selected r.:ites above or below the future rate of 

inflation. If responses to the second approach were not consistent with 

those to the first, each approach was repeated until consistency was 

achieved. 

If in the respondent 1 s final judgment, a variable m1s expected to nave 

with inflation exactly, its 1984 expected value was recorded equal to its 

197l} value calculated at the linear trend line. This condition held true 

for VCFa and NTVCCtr • Variables REVFa , m:vc , VCC ha.cl expected
tom pst nton npst npst 

198lf projection values hi2:her than their 197lf linear trcncl values 1:. For 
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. bl ~fPtr irutr •11)tr , va h 1()01 . t.varia es ... _ tom' '-'-pst' see' anu ... tom 11 t e ,.,.H nean proJCC ions i:1ercL 

lower than their 197li linear trend values. 

Results of all trend probability projections are recorded in 

Table 3.3. Column (1) records each variable value on its respective 

historical trend line in 1974. Column (4) lists respondents' subjective 

probabilities of the 198!~ trend values recorded in colurm (2). Colurm (3) 

identifies annual average chan::;es in the variable implied by each 1984 

trend value named. Heans, E(B), and variances, var(B), calculated fron. 

columns (3) and (4) are sho'!-m in columns (5) and (6). 

The probability distributions of linear trends slloim in colunns (3) 

and (4) are not aggregates but represent responses of individuals, The 

tomato yield distribution was elicited from a plant scientist. Farm pro

duction cost distributions were obtained from a tomato grower; several 

subsequent growers evinced cost trend predictions not very different fron 

those shown here, All other probability distributions were obtained from 

a spokesuan for the modeled cooperative. Host probability respondents 

were principally guided by their general sense of bullishness or bearish

ness over future industry profits. The profit prospects of all individuals 

were in fact bullish with regard to both farmer and processor tomato prof

its. The general feeling was that 1974 farmer and processor tomato 

profits were excessive and atypical, but that profits in the next ten 

years would average better, in real terms, than the past ten years. 

Calculation of Ten-Year Probability Moments 

Annual discounted means, E(Xt)' and variances, var(Xt), of all vari

ables can readily be calculated by substitutin[; into fonaulae (11)' the 

values for E(B), var(B), K, and var(I:t). shown in Tables J.2 and 3.3. 

Since we are dealin8 with deflated prices, it is appropriate to use a 
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TABLE 3.3 


Calculation Procedures to Obtain Estimates of Probability Moments of 

Future Linear Trends (B), Revenue and Cost Variables, 1975-1984 


(1) (2) (3) (4) (5) (6) 

1974 1984 Indicated 
trend predicted Annual probabil
value trend predicted 

(K) values change itie~/ E(B) var(B) 

Yields (Y~om) 
(tons per acre) 

23. 68'!:_/ 
23.68 
23.68 

26.50 
29.50 
32.50 

.282 

.582 

.882 

.4 

.s 

.l 

.492 .0369 

Tomato market 44.60 32.50 -1. 210 .1 

price (MPtr ) 
tom 

(dollars per ton) 

44.60 

44.60 

37.50 

47.50 

-.710 

.290 

.6 

.3 

-.460 .2625 

Tomato cost of / 
production, owne~ 
(VCFa,o)

tom 
(dollars per acre) 

780.83 

780.83 

780.83 

741. 79 

780.83 

819.87 

-3.904 

0 

3.904 

.2 

.6 

• 2 

0 6.0965 

Paste market price 

(MPtr ) 
pst 

(dollars per ton raw 
equivalent) 

110.11 

110.11 

110.11 

85.37 

97.0l 

121.25 

-2.474 

-1.310 

l.114 

.l 

.6 

.3 

-.699 1.5251 

Bulk paste processing 

cost (NTVCCtr )
pst 

(dollars per ton raw 
equivalent) 

fl/ -.113 

0 

.133 

.2 

.6 

.2 

0 .0051 

Spaghetti sauce 453.48 324.48 -12. 900 .1 

market price (MPtr ) 
see 

(dollars per ton raw 
equivalent) 

453.48 

453.48 

368.73 

460.91 

-8.470 

.743 

.6 

.3 

-6.149 22.0400 

Other farmer 241.92 257.01 l.509 .l 
a 

revenue (REVFntom) 
(dollars per acre) 

241. 92 

241. 92 

292.06 

365.07 

5.014 

12.315 

.6 

.3 

6.854 13.8350 

Coop nonpaste cash 
costs (VCC t)ops 

fl/ l.685 
2.072 
2.486 

.2 

.6 

.2 
2.077 .0642 

Coop nonpaste 
revenue (REVC t)nps 

2.157 
2.692 
3.230 

.2 

.6 

.2 
2.692 .1153 

ff!/ These probabilities are derived from interviews with industry representatives. 

E.J Only the six-county intercept is used since six-county rather than Solano expected yields 
in moment calculations. 

are utilized 

::=_/ Tomato production cost under land lease, VCFa'~, was assumed to have the same linear trend (B) distri
tom · a o

bution as owner costs VCFt~m· Only residual variances were allowed to differ as shown in Table 3.2. 

fl/ Value omitted to preserve confidentiality of private data supplied by the cooperative. 
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discount rate that approximates the expected real rate of growth in the 

U.S. economy during the forecast period, In this study the rate i = ,02 

is utilized, which reflects some pessimism over the real economic growth 

rate but is not unduly disastrous, 

Rather than employ the above indicated analytical method of generating 

annual means and variances, we have employed a simulation program in which 

values of Kand var(Et), and discrete distributions of B, were substituted 

into projection formula (10). Three hundred sample values of each random 

price, cost, and yield variable were then drawn for each of the ten years 

of prediction, and estimates of E(Xt)' var(Xt) derived from the sample 

values. This procedure introduces some sampling error to the estimation 

process. However, these errors are not great under the sample size drawn. 

The simulations provided data from which Chi-square tests were perforned 

on hypotheses of probability functional forms. Tests of the hypothesis 

that each data set was drawn from a normal distribution were performed for 

each simulated 1979 data set [J. Freund, pp. 337-338]. This hypothesis 

was not rejected for any variable at the five percent level of significance. 

The result is somewhat surprising since, although trend deviations Et were 

assumed normally distributed, some trend distributions B were skewed.1/ 

Ten-year sums of discounted annual means and variances of the price, 

revenue, and cost variables are listed in Table 3.4. Moments listed for 

yields are ten-year averages, rather than sums, to facilitate nrultiplication 

with price variables. All moments of revenues and costs are then expressed 

on a per-acre basis in Table 3.5. Per-acre moments were calculated from 

Y Since the nonnormal variables (B) are weighted most heavily in 1984, 
Chi-square tests in that year would have provided even more stringent tests 
of overall normalcy. 



46 


TABLE 3.4 

Estimates of ;ren-Year Sums of Discounted Means 

and Variances: Yields, Revenue and Cost Variables 


Sum of discounted Sum of discounted 
Variable means [I E(X )] variances [I var (X ) ] 

t t t t 

ya,sc 26. 347~./ .48#./
tom 

Ya, sol 26.32#./ . 73#./
tom 

REVFa $2. 501. 03 $15,224.60
ntom 

MP tr $378.95 $548.10tom 

VCFa,o $7,018.18 $16,075.53tom 

VCFa,Q. $7,019.70 $22,160.16
tom 

vcc E_/ $1,059. 77!::.l 
npst 

REVC E_/ $1,125.62£/
npst 

MP tr $956.80 $3,700.46pst 

MPtr $3, 775. 78 $16,745.54see 

NTVCCtr b/ 6.912pst 

2_1 Values for Ya,sc and Ya,sol
tom tom 

are ten-year averages. 

b/ Expected values for cooperative total revenue, total cost, and 
paste processing costs have not been reported to preserve con
fidentiality. 

s..I Values are in trillions of dollars. 
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TABLE 3.5 	 Means and Variances of Present Value Sums of Profit Variables 
Expressed on a Per-Acre Basis 

Variable Mean 

I 
a 

REVFntom 	 2,500.5

l
M"V8-•sol 9,982.88
tom 

MVa,sc 9,982.88
tom 

VCFa,o 7,018.2
tom 

VCFa,!l 7,018.2tom 

VCFa 1, 977. 3 
ntom 

REVCnpst 

REVC f!:./ 

Mva 25,208.81
pst 

MVa 25,208.81pst 

Mva 99. 481. 00 see 

a 99,481.00MVsce 

NTVCC8 

pet 

vcc f!../npst 

0FCF8 
' 1,196.6tom 

FCFa,!l 1,136.6tom 

FCF8 363.0
ntom 

f!:./FCCnpst 

FCC8 
!!1pet 

NPVCDa 35,665.93see 

FCDa 15,648.80
see 

3,018,503.348 

2,568,755.36 

18,608,110.2 

11,624,129.96 

I 25,062.92 

1,059.s~/ 

b/
1,144,852.7

These figures have not been reported in order to preserve proprietary 
confidentiality. Interested persons should contact Tri/Valley Growers 
for access to this information. 

!!1 

Calculated 	from the ratio of variance to mean square of NTVCCa ; thatEl pst 

is var(NPVCDa )/[E(NPVCDa )] 2 
= var(NTVCC8 )/[E(NTVCC

8 
t)J 

2
• see see pst ps 

Values are 	in trillions of dollars. 
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per-ton moments according to equations (14), (15). Note that Mva and 
pst 

Mva differ from HVa and MVa in that the former are computed on the 
see pst see 

basis of random yields an~ the latter on the basis of a constant yield. 

As discussed above, those constructed un<ler random yields are suitable for 

modeling acreage-basis contracts, whereas those constructed un<ler constant 

yields are suitable for tonnage-basis contracts. 

Covariances among all revenue, price, and cost variables are civen in 

Table 3.6. Standard deviations a1 , a are square roots of prediction
2 

variances as reported in Table 3.5. Correlation coefficients r .. are 
1.J 

computed from the historical series given in Table 3.1, as adjusted by the 

trend 	correction factors listed at the bottom of that table. 

It will be noticed that correlations involving H\73 MVa arepst' see 

algebraically lower than corresponding correlations for which Mva
pst' 

a a are 	substituted, For example, cor(NTVCC t' MV t) = -.297 < cor(NTVCCa ,ps ps pst 

flv2 
) = .lf29. This is because the latter pair share a common randompst 

yield component and the former do not. In fact, many of the rather strong 

positive correlations observed are due to both variables containine; the 

same random yield factor Ya • 
tom 
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TABLE 3.6 Prediction Correlation Coefficients and Covariances Among Revenue and Cost Variablee!!-/ 

I iMV",sol MV4,sc VCFa,i. ;NavcF"• 0 VCFaREVC MV"REVF8 vcc Mva MV8 l'ITVCCa NPVCDantom tom tom tamtom npst npst pst pet see ace ntom pst ece 

-OW:tom 

H'l8•eol 22.646 -toa (. 263) 

MVa,ac 
tom 

1.079 40.523 

(.069)


vcr:.;: 
(.458) 

VCFa,i. 80.6162.461toa 
(.134) (. 776) 

REV'C .81086* .29765* • 98857*npst 
(.070) (.198)(. 036) 

.04372* 1.0193* .90124* 1,037 .14**vccnpat (.247) (.186)(. 002) (.950) 

~ a 
MVpst 917 .063 10.793 101.640 2.1560• -3.1669 


(. 786) 
 (.049) (.393) (.037) (-.056) 

KV4 -1.219553. 229 69.427 -13.3851* -18.3113*pat 
(.514) (. 291) (-.249)c-.006> c-.3s1> 

1,489.00 197.974 353.176 54.2556• 65.1507* 3 ,829. 708 -Mv!ce 
(.524) (. 362) (. 550) (.375) (.464) (.511) 

~ 50.371 104.171 165.453 -45.2831* -39.8404* 2, 431. 635 -SCI! (.022) (. 241) (.326) (-.396) (-.359) (.445) 

VCFa 5.317 6.24313.405 b/ 797.509 d/ 

(.458)

nta. (1. 00).£./u.oo).£./ (.429)

rrrvcc• -75.358 282. 725 -395.09636.360 -.080 1.178 1.6620* 1. 9582* 117 .996 -pat (-.732)(-. 004) (. 429) (-.297) (.414)(. 342) (.050) (.313) ( .380) 

-677.58 f/ 

l 
-2,670.378 I 

(.342).! 
1,910.883 e/-509.332 e/797.509 el245. 749 'llPVCD:ce c-.o04>(.414)(. 429) (-. 297) (-. 732~ 

!!f 	 In ieach cf!l.l, covariancea are listed above and correlation coefficients listed below in parentheses. Covariances are expressed in thousands of dollare, 
except for thoee aeteriaked. Those with single asterisks are expressed in billions of dollars and vith double asterisks in trillions of dollars. 

'!1} 	 Thia correlation is taken from cor(VcF8• 0 
, M\1"• 901 

) due to lack of data series for VCF8 
• 

tom tom 	 nt.om 

s.J The perfect correlations vere assUIDed. ThE-re vas no data series for VCF~tom or NPVCD:ce in order to determine them empirically. 

~ Thia correlation is taken from cor(NTVCCa , Mva ) due to lack of data series for VCFa • 
pet pet ntom 

e/ Each of theee correlation coefficients is taken from that where NTVCCpaet is substituted for NPVCD8 For example, cor(NPVCDa , Mva ) • cor(NTVCc8 ,see ace see pet 
Mv-8Ce). There vere no data to estimate th~se empirically eince a eeriee for NPVCD:ce could not, in thP. ahneoce of a cooperating dietributor, be develo~ed. 

-

!./ 	 Th1.e correlation is taken from cor(NTVCC:
8 
t' VCF~~~) due to lack of data series for NPVCD:•t" 
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IV. EFFICIEHT PORTFOLIOS OF CONTRACTUAL ARI'..Ai~GEHENTS 

The theoretical frameuork outlined in Section II showed that the 
I' 

utility of an¥ set of contractual arrangements may be expressed as a 

function of the utility of the expected monetary outcome and the variance 

of these returns. The portfolio choice considered optimal varies amour; 

individuals accordinp; to their utility functions for money. We shall ex

plore the optimal choice space using representative utility functions for 

various groups of participants. Before doing so, it is important to note 

that many contract portfolios can be eliminated as inefficient for any 

risk averse decision maker. Intermediate solutions which identify efficient 

portfolios thus may be valuable regardless of any knowledge of the specific 

forms of utility functions. In this section we present such solutions and 

their associated E-V curves for each of the contract participants--growers, 

cooperative, an<l distributor--for selected sets of alternative contract 

specifications. 

Efficient portfolios are determined, as indicated in Section II, by 

2
solving quadratic programminp; problems which minimize variance, o , for 

TT 

given expected profit levels, µlT. Expected profits are measured as the 

discounted sum of expected annual profits over the ten-year contract hori

zon. Expected annual profits are computed in accordance with Tables 2.1 to 

2.3 in Section II, vith the price and cost variables set at their expected 

values, as calculated in Section III. Hith specific values assigned to the 

acreage variables and contract parameters, expected profit may be expressed 

as a linear function of the shares allocated to each contract option. 

Variances of profit, computed as indicate<l in equation (9), Section II, 

similarly may be expressed as (quadratic) functions of shares assigned to 

each contract option. A listing of profit e~~pcctation and variance 
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expressions used in E-V analyses of grower, cooperative, and distributor 

operations is given in Appendix A. Points on the E-V curve or 11ef ficiency 

frontier" are determined by parametrically altering expected profit levels. 

E-V solutions were obtained by a quadratic progrannning routine developed 

by Haegert and Harris. 

Grower Efficiency Frontiers 

The grower model examined here sets the cost-plus markup (k) at 1.25, 

the sales minus markdown (£) at .385 and the grower's share (z) of coopera

tive net margin at .000029. The latter is the 1974 average proportion of 

coop net margin received by tomato grower members for each acre of tomatoes 

delivered to the cooperative under study. The grower is assumed to have 

devoted 800 acres to corn, wheat, and bean production. Three situations 

are considered with respect to total tomato acreage and land tenure arrange

ments: (1) 500 acres in tomatoes on leased land, (2) 500 acres in tomatoes 

on own land, and (3) 1,000 acres in tomatoes on own land. 

The grower may sell to the cooperative on either or both a member or a 

nonmember basis. Thus, the portfolio possibility set includes membership or 

profit share as one of the options. The farmer's preference for this option 

depends upon his net margin share z (in this case, the amount of the farmer's 

membership sales as a proportion of total cooperative membership purchases) 

and the mean and variance of coop net margin that is assumed. Therefore, 

each farmer E-V frontier, especially as long as it includes the patronage 

option s as a variable, assumes not only a specific cooperative E-V frontier4 

but a particular solution point on this frontier. Even if s4 were to be 

constrained at or above some value, the levels of other proportions s1 , 52, 

5 would be affected by the cooperative net margins assumed, This would be3 

due to the presence of correlations between these net margins and other 
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farmer profit variables such as the tomato market price. It is assumed 

in the frontiers included here that the expected ten-year present value 

sum of annual coop net margins .-is $3.55 million and the ten-year present 

1/
value sur.1 of variances is $349.8 trillion.

Efficient portfolio solutions for the three acreage-tenure variations 

are given in Table 4.1.'!:./ The associated E-V curves are r,raphed in Fieure 

4.1. The diagrams show the trade-off or efficiency frontiers between ex

pected value of profit (µrr) and coefficient of variation of profit (oTI/µTI) 

as well as between expected value and variance of profit. All fie;ures 

refer to ten-year sums of discounted grower profits. 

Grower E-V curve //:1, Figure 4. lA, is "classically" shaped in the 

sense that it rises positively and approxiaately quadratically throup;hout 

its range. However, the associated coefficient-of-variation curve is 

negative over much of its range, and is more erratically shaped. The 

negative ranr,e of this curve reflects the very gradual positive slope of 

the E-V frontier over the expected profit range .L137 to .830. It would be 

an extremely risk averse grm-;er indeed who would operate below the •830 

level, where the efficient :portfolio is sl = 21.6 percent, s2 == l~J • .'3 per

1 •Efficiency set f,!l assumes that the model farmer leases tllS f al.ill lanc1 

on a share-rent basis. If the farmer owns his land instead, as in E-V /12, 

Figure 4.lB, the variance of his production costs decreases (see Table 

3.5). i·Te would expect the E-V curve for OWi"ter-opcrators to shift dmmimrd, 

1/ This uay be noted as point A on the cooperative efficiency frontier !!3, 
Figure If. 2C, discussed subsequently. Note that al thou;:;h these variances 
are actually denor:iinatecl in "squared dollars," dollar si~;ns are used for 
the sake of siraplicity. 

2/ The optinizing model is described in Appendix A. 



TABLE 4.1 E-V and Coefficient of Variation Frontiers Indicating Efficient Portfolios of Market Price, Cost-Plus, 
Sales-Minus, and Cooperative Member Sales Contracts for a California Producer of Processing Tomatoes 

Effi
ciency 
set 
number 

1 

2 

3 

Expected 

profit-~/ 
million dollars 

.437 

.570 

.670 

.830 

.950 
1.075 
1.110 
1.198 

.437 

.570 

.670 

.830 

.950 
1.075 
1.110 
1.198 

.746 
1.000 
1.250 
1.500 
1. 750 
2.000 
2.268 

Moments and coefficients of profit 

Variance'=-/ 

billion dollars 

11.000 
11. 747 
14.479 
18.886 
34.050 
46.125 
50.120 

102.000 

10.000 
10.953 
12.775 
28.832 
41.375 
57.432 
63.130 

102.000 

10.000 
17.210 
38.430 
73.220 

121.873 
183.910 
369.000 

Standard 

deviatio~/ 
million dollars 

.10488 

.10838 

.12033 

.13743 

.18453 

. 21477 

.22387 

.31937 

.10000 

.10466 

.11303 

.16980 

.20341 

.23965 

.25126 

.31937 

.10000 

.13119 

.19603 

.27059 

.34910 

.42885 

.60743 

~/ In efficiency sets #1 and #2, values listed under s
1

, s
2 , 

Coefficient 
of variation 

.2400 

.1901 

.1796 

.1656 

.1943 

.1998 

.2017 

.2666 

.2288 

.1836 

.1687 

.2046 

.2141 

.2229 

.2264 

.2666 

.1340 

.13119 

.1568 

.1804 

.1995 

.2144 

.2678 

Tomato sales~/ 

Market Cost- Sales- Coop 
price plus minus member 

(S2) (S3) (S4)C\) 
_p_ro.E_ortions of ..E_ortfolio 

0 
0 

.098 

.216 

.198 

.358 

.401 
0 

0 
.050 
.135 
.128 
.202 
.322 
.333 

0 

0 
.051 
.112 
.179 
. 236 
.307 

0 

1.000 
.766 
.656 
.438 
.240 
.088 

0 
0 

1.000 
.823 
.616 
.424 
.242 
.096 
.047 

0 

1.000 
.823 
.636 
.456 
.276 
.094 

0 

0 
.122 
.040 

0 
.114 

0 
.085 

0 

0 
0 

.129 

.085 

.110 
0 
0 
0 

0 
0 

.027 

.031 

.042 

.049 
0 

0 
.101 
.206 
.345 
.447 
.554 
.514 

1.000 

0 
.127 
.119 
.363 
.446 
.582 
.619 

1.000 

0 
.126 
.226 
.334 
.446 
.550 

1.000 

Number 
of 
itera

tions~/ 

1 
7 
9 
7 
9 
9 
9 
1 

1 
4 
4 

10 
10 

8 
8 
1 

1 
10 
11 
12 
12 
10 

1 

\J1 
w 

s , s are percentages of 500 acres of tomatoes contracted
3 4 

or intended for sale. In set #3 these values are percentages of 1,000 acres contracted or intended for sale. 

E_/ These are iterations (numbers of linear subprogramming problems) required to reach a minimum-variance portfolio at 
each constrained-mean point. 

:;;_! The expected value, variance, and standard deviation shown here refer to the present value sum of profits over the 
10-year planning horizon. 
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Fl GURE 4. 1 


Grower's Efficiency Frontiers 
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especially in the range over which the cost-plus option figures prominently. 

This in fact occurs in the lower expected profit range of E-V #2. But to 

the right of point .830, or $830,000 in ten-year expected profits, this 

frontier exhibits higher variance for the same mean values than does 

E-V #1. The higher variance occurs because the owner-operator cash cost of 

production series, in addition to having lower variance, produces weaker 

positive correlations with tomato market prices and tomato paste market 

prices (table 3.6) than does the corresponding share-lessee series. 11 

Efficiency set #3, Figure 4.lC, further explores owner-operator port

folio options by increasing farmer tomato acreage from 500 to 1,000 acres. 

This greatly broadens the expected profit range from $437,000 - $1,980,000 

to $746,000 - $2,268,000. The higher variance domain in //3 makes it diffi

cult to compare the risk efficiency of alternative portfolios between #2 and 

113 without reference to the coefficient-of-variation curves. Comparison of 

these curves indicates that the 1,000-acre farmer enjoys somewhat lower 

1/ Recall that the grower cash cost of production variable (VCFa ) enters 
- tom 
the grower profit function, Table 2.1, at two places: (a) at the cost-plus 
sales option, line 3, and (b) at grower cash costs themselves, line 6. A 

positive correlation of VCFa with tomato and paste market prices (the
tom 

first and third sales options) translates into a positive correlation be
tween these sales options and the second option, due to the positive sign 
associated with cost-plus in the. profit function. But these same positive 
correlations translate into a negative correlation between the first and 
third sales options and grower cash costs due to their negative association 
in the profit equation. 

When the cost-plus option predominates in the lower mean profit range, 
negative covariances in the sense of (b) above are largely inoperative; 
over this range the owner-operator E-V exhibits lower variances due to the 
lower variance of owner-operator over share-lessee cash costs. But as the 
cost-plus option diminishes in importance and tomato and paste market price 
options predominate, negative covariances in the sense of (b) above become 
more important. And since the share-lessee E-V exhibits higher negative 
covariances in the sense of (b) than does the owner-operator E-V, the for
mer shows lower variances in the high mean profit range. 
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risks relative to expected profit than does the 500-acre farmer. At 

$800,000 expected profit over a ten-year period, for example, the smaller 

farmer has a coefficient-of-variation, or relative risk, of .183 and the 
. 

larger farmer .134. The larger farmer also enjoys lower relative risks 

than the smaller farmer even when one compares, for example, the upper 

ranges on both farmers' curves. 

If both farmers have the same attitudes toward risk taking in the 

sense of being willing to accept the same relative risks, one might expect 

the lower relative risks on the larger farmer's E-V curve to enable him to 

operate at a point further to the right on this curve than the smaller 

farmer would on his own curve. For example, if both decision makers are 

willing to accept a coefficient-of-variation of .2, the smaller farmer will 

operate at the midpoint of his E-V curve and the larger farmer will operate 

two-t}.lirds of the way toward the right end of his own curve. Thus, lower 

relative variances accruing to the larger grower enable him to take ad.van

tage of opportunities for relatively greater expected profit or long-run 

earnings. 

Looking at the overall results of the three E-V models, it appears that 

if the cost-plus markup k is 1.25 or less, it would be a very risk averse 

grower indeed who would rely solely on this contract option. As k increases 

above 1.25, the cost-plus alternative becomes more attractive. As risk 

aversion decreases, a mix of market price, cost-plus and coop membership may 

be favored. The sales-minus option assumes little importance in most solu

tions and so might be dropped from consideration as a practical matter. 

Growers who are strict profit maximizers (risk-neutral) should, under the 

net margin share z employed, favor 100 percent coop membership. 
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Cooperative Efficiency Frontiers 

In this part, we develop a set of efficiency frontiers for a coopera

tive which purchases some of its raw tomatoes on a nonmember basis and 

which sells tomato paste to a distributor for reprocessine;. Computational 

procedures are described at the beginuin8 of this section. 

Appendix A contains a listinr, of the mean aml variance of cooperative 

net margin used in E-V calculations. Six variations in contract specifi

cations are considered. The parameter values and other restrictions 

applicable to each set are sulillnarize<l in Table /~.2. Efficiency frontier 

sets ill through #5 assume that the coop has comnitte<l 25 percent of its 

raw product purchases to a nonmember basis. Its purchase decision is to 

determine the combination of riarket price, cost-plus, and sales-minus 

options that should occupy this 25 percent allocation. Nonmember purchases 

are reduced to ten percent in frontier set ;16. Tol'lato paste revenues, 

listed under column (7) as a basis for sales-ninus purchase payments to 

growers, assume that paste sales to distributors are evenly divided be

tween market price, cost-plus, antl sales-minus contracts •.!/ A contract is 

modeled as signed on an acreage basis, column (8), if the tomato yield 

component in paste and sauce market values is randoM; it is mo<lele<l as 

signed on a tonnage basis if the yiel<l component is constant/:./ 

Efficient portfolio solutions for the six contractin3 situations are 

given in Table lf.3 and the associated efficiency frontiers are ~raphed in 

1/ If the sales-minus purchase option is specified so that p:rowers are 
paid a share of revenue from the optimal sales portfolio, the cooperative 
net margin function is quadratic. The corresponding expected utility and 
E-V objective functions are quartic when noney utilities are quadratic. 
Since these functions cannot be optimized by normal programncin;3 routines, 
a fixed revenue base for the sales-uiuus purchase fornmla is needed. 

2/ This is explained more fully in Section III. 
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ciency 
frontier 
number 

! 

1 


2 


3 


4 


:fal 

ffl-1 

TABLE 4.2 Parameter Changes Associated with Cooperative Efficiency Frontier Sets~/ 

J_Z) (3} (4).l..:U 

Sales side I 

cost-plus 

markup 

(m) 

1. 63 


1. 70 


1. 70 


1. 25 


1.30 
I 


1.30 

Sales side 
sales-minus 
markdown 
(n) 

.25 


.22 


.22 


.22 


.22 


.22 


Purchase 
I 

Purchase 
side side 
cost-plus i sales-minus 
markup markdown 

(i)(k) 

(5) (6) (7) 

-r 
Percent Probability 
nonmember I of paste 
tomato market 
purchases price (MPtr ) 

~E_St 

25 


25 


25 


25 


25 


10 


As given in 
Table 3.5 

As given in 
Table 3.5 

As given in 
Table 3.5 

Fixed at 
$81.33 per 
ton 	raw 
equivalent 

Mean, std. 
dev. reduced 
15% from 
Table 3.5 
values 

Mean, std. 
dev. reduced 
15% from 
Table 3.5 
values 

Revenue base 
for sales-
minus purchase 
option 

All coop 
revenue 

All coop 
revenue 

All coop 
revenue 

Coop paste 
revenue only 

Coop paste 
revenue only 

Coop paste 
revenue only 

(8) (9) 

1 
Contract 

Contract on options 
acreage or constrained 
tonnage at zero 
basis " level 

Acreage 

Acreage 

Acreage 

Tonnage 

Tonnage 

Tonnage 

I 


None 


None 


R3 , v

3 


' None 

V1 
O> 

None 

R2' R3 

VJ 

1. 25 


1. 25 


1.25 

1. 25 


1.30 

1.30 

.000008 


.000008 


.000008 


.500000 


.400000 


.400000 


!!_/ 	 In addition to these parameter specifications, all efficiency frontiers assume that 12,680 acres of tomatoes are contracted for 
purchase, and an expected 53,559 tons of paste are contracted for sale (tomato yield expectation 26.347 tons per acre). 

]!./ 	 Frontiers #5 and #6 include the restriction v + v .::_ .40, that is nonmarket-price sales options must occupy' less than 40 per
2 3 


cent of cooperative sales portfolio. 
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Figure !~. 2. Columns 1, 2, and 3 of Table If. J rn.easure probability not1ents 

of cooperative net mar8;in, that i.s the excess of cooperative revenues over 

cooperative nonmember raw product purchases and other expenses, prior to 

redistribution of these returns to the mer:tbership. 

Cooperative E-V curve {,11, shm-m on Fi~ure /!.• 2A, coes not e~::.hibit the 

quadratic textbook pattern. After an initial ne~;ntive range, risL increase:;; 

with expected profit, but its rate of increase drops after the $Jlf5 nillion 

point. The associated coefficient-of-variation curve bc1'.c1ves sinilarly an<l 

even produces a second very sU.ghtly ne::;ativc slo'{le in the (;J!,6-350 nillion 

range, These results would tend to encourage the coopero.tive, even if 

moderately risk averting, to ignore the risk factor conpletely and act as 

thou~h it were maximizing expected net 1aargin. Points below $Jlf3 nillion in 

ten-year expected income are inefficient. In general, e~:ceedingly risk 

averse coops will ignore the narket price sales option ancl evenly divide 

sales between cost-plus and sales-minus. Their purchases uill be weighted 

heavily to market price. More profit maxfriizin~ behavior encourages use of 

the market price sales an<l cost-1)lus purchase options. 

Frontier set if2, Fir;ure l1.2E, measures the in.pact of slizhtly altered 

values m, n on E-V shape and portfolio composition. The concave portion of 

both frontiers diminishes and is replaced by howl-shaped functions. The 

market price sales option (V ) loses its predominance in the high mean
1

range, where it is replaced by tlle cost-plus option (V ). The sales-minus2

option behaves sii!l.ilarly as before. Consequent changes in efficient coubi

nations of the purchase options are interestinr;; the market 1)rice purchase 

option increases its importance in the micldle ranGeS of the nean at the 

expense of the cost-plus purchase option. Both of these options chanr.;e 

their portfolio percentages much nor.e abruptly, from one mean value to 

another, than in frontier set Ill. Since there vere no chanzes between set 



------- ----- ------

-- ------ -

011 

rlGllRE 4.z 


Cooperatlve's Efficiency F'ron tiers 


a""-•(u; •variance of profit In thousand trillions, - ~ coefficient of variation) 

.010 

.065 

.060 

.055 

.050 

.045 

.olio 

Figure li.ZA Cooperative Efficiency Fronti~r Set HI 

Solid line: variance 
Dashed line: coefficient of 

var!at Ion 

))8 3)9.5 341 J47 348.S 350 

Expected value of net margin (µ ) In mil I Ions of dollars
11

µ" 
<1 

11
2 

0 µ'If'If Fiqure 4.ZC Cooperative Efficiency Frontier Set #3 

JD 
 .070 570 

i.70 510.065 

1i10 .060 li50 

350 .055 390 --,'' 
-" 

A290 )JO.050 

2)0 270 
Solid line: varla~e 
01t5hed I lne: coefflc:lent of 

170 

.01i5 

variation 210 

351 35J 355 357 359 0 
... 

Expected value of net margin (µ ) In millions of dollars 

.Olio 

11

0'11
I 

Uwr-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.. 

Figure li.29 Cooperative Efficiency Frontier Set 12 
.070 

.065 

.060 

.055 

.050 

.Oli5 

variance 
coeff Icl ent of 

.OliO varlat Ion 

JOO 307.5 JIS )22. 5 330 337.5 )45 352.5 )60 
Expected value of net margin (µ'If) In mil I Ions of dollars 

o,, u,. 
530 .070 

li70 .065 

li!O .060 

350 .055 

.050 

Soll d line: ve rl ance 
Dashed line: coefficient of 

170 Vf\ri(l:t ;oo 

no 27S 280 285 290 295 JOO )05 JlO 

A 

(xp..c:ted value of net margin (µ,.J In mlllloM of dollar• 

320 

2RO 

200 

160 

120 

(Figure "·2 contlnuorll 



61 


Figure 4.2 continued<J 
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TABLE 4.3 E-V and Coefficient of Variation Frontiers Indicating Efficient Portfolios of Market Price, Cost-Plus, 
and Sales-Minus Contracts for Cooperative Tomato Paste Sales and Raw Tomato Purchases 

Effi
ciency i 

set 
number 

Moments and coefficients of net margin 

Expected 
net cl 
rnargirr- Variance~/ 

Standard I 
deviatio~ 

million billion million 

Coefficient 
of 
variation 

,___d_o_ll_a_r_s_+-_d_ol_l_a_r~s___.._d~o_llars 

1 

2 

3 

4 

339.620 
341.330 
343.049 
344.768 
346.000 
349.920 

301. 768 
312.000 
32S.480 
337.340 
349.000 
3S6.000 
361. 000 

346.019 
347.000 
349.000 
3S2.000 
3S5.000 
3S8.000 
360.000 
361. 000 

269.30 
277 .oo 
284.70 
292.00 
300.10 
307.70 

316,344 17.786 
229,683 15.1S5 
218,30S 14.77S 
228,S62 lS.118 
234,707 lS.320 
239,022 lS.460 

316,468 17.789 
243,6S5 lS.609 
212,032 14.S61 
223,015 14.933 
270,347 16.442 
308,866 17.S74 
378,861 19.464 

S46,199 23.871 
Sl2,030 22.628 
437,800 20.924 
373,032 19.314 
349,812 18.703 
3Sl,99S 18.761 
367,S65 19.171 
378,861 19.464 

274,659 16.S73 
166,730 12.912 
168,940 12.998 
18S,010 13.602 
225,129 lS.004 
286,639 16.930 

.OS24 

.0444 

.0431 

.0438 

.0443 

.0442 

.OS89 
,osoo 
. 0447 
.0443 
.0471 
.0494 
.OS39 

.067S 

.0652 

.0600 

.OS49 

.0526 

.OS24 

.0532 

.OS39 

.0615 

.0466 

.04S6 

.0465 

.0499 

.OSSO 

a/Tomato paste sales-

Market l Cost- i Sales-
price plus Iminus 
(Vl) i (V2) (V3) 

proportions of 
Ii-----·· iortfolio 

0 
0 
0 

.009 

.064 
1.000 

0 
0 
0 
0 

.OS2 

.300 
0 

1.000 
1.000 
1.000 

.814 

.S44 

.274 

.094 
0 

0 
.S63 
.914 
.743 
.362 

0 

0 
.448 
.519 
.48S 
.439 

0 

0 
.174 
.404 
.627 
.80S 
.668 

1.000 

0 
0 
0 

.186 

.4S6 

. 726 

.906 
1.000 

1.000 
.437 
.032 

0 
0 
0 

1.000 
.SS2 
.481 
.S06 
.497 

0 

1.000 
.826 
.S96 
.373 
.143 
.032 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

.OS4 

.2S7 

.638 
1.000 

a/
Tomato purchases--

Market 
price 
(Rl) 

Cost
plus 
(R2) 

Sales
minus 
(R3) 

proportions of 
portfolio 

0 
.105 
.229 
.116 
.04S 

0 

0 
.112 
.2SO 
.2SO 
.2SO 

0 
0 

.250 

.191 

.060 
0 
0 
0 
0 
0 

.020 

.2SO 
0 
0 
0 
0 

0 
0 

.021 

.134 

.20s 

.2SO 

0 
0 
0 
0 
0 

.250 

.250 

0 
.059 
.190 
.2SO 
.2SO 
.2SO 
.2SO 
.2SO 

0 
0 

.098 

.2SO 

.2SO 

.2SO 

.2SO 

.14S 
0 
0 
0 
0 

.2SO 

.138 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

.230 
0 

.1S2 
0 
0 
0 

Number 
of 
.:itera-

ations!?} 

2 
16 
16 
28 
31 

~ 
2 

13 
2 
2 

16 
14 

2 

1 
1 
1 
1 
1 
1 
2 
1 

2 
2 

30 
2 
2 
2 

N "' 

(table continued) 



TABLE 4 3 continued 

Moments and coefficients of net margin 
Effi
chmcy Expected Coefficient 
set net c/ 

Variance;£/ 
Standard of 

number margin deviat iorrf.1 variation 

sale,Jj.lTomato paste 

Market Cost- Sales-
price plus minus 
(Vl) (V2) (V3) 

a/Tomato purchases-

Market Cost- Sales-
price plus minus 
(Rl) (R2) (R3) 

Number 
of 
itera

ation~~ 
million billi million ' proportions of proportions of , 
dollars dolla dollars _E?rtfolio J!_ortfolio 

288.50 340,239 18.445 .0639 .623 .081 .296 0 0 .25 14 
289.60 345,230 18.580 .0642 .635 .073 .292 0 0 .25 14 

5 293.80 397,480 19.937 .0678 .764 0 • 236 0 .050 .200 13 
295.00 411.834 20.294 .0687 .804 0 .196 0 .084 .166 13 
298.00 450,621 21.228 .0712 .904 0 .096 0 .167 .083 13 
302.SO 549, 712 23.446 .0774 l.000 0 0 .166 0 .084 2 

305 405,100 20.1270 .0659 .677 .323 0 .100 0 0 l 
307 423,342 20.6480 .0672 • 723 .277 0 .100 0 0 l 

6 310 461,082 21.4728 .0692 .792 .208 0 .100 0 0 l 
314 512, 777 22.6445 .0721 .884 .116 0 .100 0 0 l 
318 570,615 23.8875 .0751 .976 .024 0 .100 0 0 2 
319 586,034 24.2081 .0758 1.000 0 0 .100 0 0 2 

a/ 	 In all efficiency sets other than #1, 02, 03, the cooperative is assumed to contract for paste sales on a tonnage 
basis. For these sets, values listed under v1 , v2, v are percentages of 53,559.31 tons (200,048 barrels) of

3 
tomato paste contracted; values listed under R

1
, R2, R are percentages of 12,680 acres of raw tomatoes contracted

3 
for purchase from members and nonmembers. (334,080 tons of tomatoes, at 5.46 percent solids, product 53,559.31 tons 
paste 32 percent.) In efficiency sets #1, 02, #3, the coop contracts for paste sales on an acreage basis. For these 
sets, values under v1 , v2, v

3
, R

1
, R

2
, R are percentages of 12,680 acres of tomatoes.

3 

!!./ 	 These are the iterations (number of linear subprograwming problems) required to reach a minimum-variance portfolio 
at each constrained-mean point. 

c/ 	 The expected net margin, variance, and standard deviation shown here refer to the discounted sum of net margin over 
the 10-year planning horizon. 
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Ill and if2 in the purchase side parar:i.eters k, fl, we infer that these purchase 

strategy differences are due to changed covariances between revenue and cost 

terms in the cooperative prof!t function. Specifically, an increase in m 

accentuates the importance of the strong positive covariance between coop

erative processing costs (with portfolio !Jroportion v ) and the market price2

of raw tomatoes (with portfolio proportion R ). Recall that nearly 651

percent of coop processing costs are attributed to the raw tomato market 

price itself. Since v and R are related by a negative sign in the coop
2 1 

erative profit function, this positive covariance translates into a negative 

covariance in its effect on profit variance. Thus, as v increases in -port2 

folio iraportance due to a rise in ra, R increases its io.portance as well.
1 

E-V frontier #3 is defined only over the upper expected profit range of 

E-V t/2 and exhibits uniformly higher variances than E-V ff.2 over this range. 

These effects illustrate the impact of renoving options fron the portfolio 

possibility set. The removal of any option included in an efficient port

folio set causes the variance of that set, over the range where the option 

was included, to rise. In addition, if the indicated option had fivired 

prominently at either end of the efficiency curve, a portion of this encl is 

truncated upon the option's removal since the range of feasible expected 

returns necessarily declines. The cooperative in E-V f!J aust pay two prices 

for removine from consideration sales-minus formula v
3

, R : low risk, low
3 

~ain possibilities in the range $301.77 - $3Li6.02 million are erased, and 

the remainin3 profit mcpectations $3Mi. 02 - $361. 00 m.illion are associated 

with si:;nificantly increased risk. 

In frontier set l,il1, the sules-ninus options are restored, but the 

market price sales option is changed to a fixed price option, c:efined as 

25 percent less than the expected uarLet price. The 25 percent rc,1uction 

is a compensation for the reduced risks afforded under this formula. The 
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expected profit range in E-V f.14 is lower than in previous frontiers clue to 

this reduction and th~e lower value 7:1 assumed. The fixed price option is 

r:1ost proninent amonz efficient portfolios in the middle expecte<l profit 

range. Hip,h expected gain portfolios are dominated hy the restored sales

minus sales option. However, these portfolios are associatecl with sharply 

increasinG risks and consequently would be adopted by only sli~htly risk 

averse or risk neutral individuals. 

The means and standard deviations of all r.iarket price v2riables in 

sets /~5 and tf6 are reduced 15 percent; this reduction mirrors a lens bullish 

outlook on future tomato industry price novements than that assuued in sets 

f,!l through #If, and corresponds to the price probability distributions evoked 

by several industry spokesmen. 

Frontier f!S has been constructed to test the effects of limiting sales 

on nonmarket-price terms: the sum of cost-plus and sales-ninus sales cannot 

exceed 1,0 percent of the sales portfolio. This constraint is 111eaninr;ful if 

the latter terms represent contract sales to one customer, the narl~et price 

option represents uncotimlitted or uncontracted sales, and the coop wishes to 

limit its sales to this customer for fear of becominr.; overly dependent upon 

it. Unlike the renoval of entire pricin~ options v
3

, 11 in set iiJ, a
3 

linear inequality constraint such as v + v ..:s_ .40 does not shift any por
2 3 

tion of a frontier upwards. The constraint's presence merely removes a 

portion of the frontier, for which v2 + v3 > .l10, from the feasibility set. 

Where the constraint is not violated, there is no disruption in the possi

bilities for portfolio mix and thus no change in the nean, variAnce tra<le

offs. In this case, the requirer.lent that market price sales not fall below 

a preassigned limit has removed the lower risk portfolios from the firm's 

choice set. The renaining portion is steeply slopecl. No<lerately to 

stronr;ly risk averse decision mnl:ers would choose the nininum feasible 
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variance option and sell 40 percent of their goods on cost-plus and sales-

minus contracts. 

Only market price and c.ost-plus sales options for tomato paste may be 
. 

considered in frontier set #6, and all tomatoes must be purchased at the 

market price. No variance minimization occurs in this situation; there is 

only one combination of v and V~ which will satisfy each fixed value of
1 ... 

the net margin expectation given that R = .10. 11 Thus there is no scatter1 

of inefficient portfolios above E-V #6 in Figure 4.2E, and portfolio shares 

v
1 

, v change proportionately to the net margin expectation assumed. Be2 

cause cost-plus sales are restricted to less than 40 percent of portfolio, 

the lower half of E-V #6 is truncated and the firm's policy makers may only 

choose among relatively risky contract combinations. 

Distributor Efficiency Frontiers 

Mean and variance functions utilized in distributor E-V analyses are 

given in Appendix A. The distributor efficiency frontiers pertain to a 

reprocessor assumed to purchase or contract for 126,607 tons of tomato 

paste. With tomato yield set at the ten-year average of 26.347 tons per 

acre, this requires 30,000 acres of tomato land annually. Four variations 

in contract terms are considered as specified in Table 4.4. Efficient port

folio solutions for the four contracting situations are given in Table 4.5 

and the associated efficiency frontiers are graphed in Figure 4.3. 

Efficiency frontier #1, shown on Figure 4.5A, assumes that the cost-

plus markup paid by the distributor to its cooperative supplier is 1.63, or 

1/ In general, a programming problem with n variables and n independent 
equality constraints involving these variables has no degrees of freedom; 
thus, no optimization process occurs since only one solution is feasible. 

Here the variables are V
1 

, V2 , and the constraints are µTI = µ~; Vl + V = 1.2 



TABLE 4.4 Parameter Changes Associated with Distributor Efficiency 
Frontier Sets 

Efficiency 
frontier number 

Cost-plus 
markup 
(m) 

Sales-minus 
markdown 
(n) 

Probability moments 
of market values 
MVa MVa MVa 

see' pst' tom 

1 1.63 • 258 f!/ 

2 1. 25 . 258 a/ 

3 1.63 • 258 ]!_/ 

4 1.50 .250 s:.l 

f!/ As shown in Table 3.5. 

aMean of MV t ps 
areduced 15 percent; variance of MVpst set equal to zero. 

5=..I Means and standard deviations of each variable reduced 15 percent from 
values listed in Table 3.5. 



TABLE 4.5 E-V and Coefficient of Variation Frontiers Indicating Efficient Portfolios of Market Price, Cost-Plus, and 
Sales-Minus Purchase Contracts for a Reprocessor of Bulk Tomato Paste (Distributor) 

Effi
ciency 
set 
number 

Expected 

profi~/ 

Moments and coefficients of profit 
T 

Standard b/ 
VariancJl-1 deviation-

Coefficient 
of variation 

Tomato paste purchases 

Market price Cost-plus Sales-mlnus 

(W1)~/ (W2)~/ (W3 )!!./ 

million dollars billion dollars million dollars ---------proportions of portfolio--------

1 

675 
678 
681 
685 
687 
690 
693 
694.6 

10,356, 770 
10,682,329 
11,188,011 
12,141,808 
12,738,516 
14,240,449 
17,225,690 
19,341,440 

101. 768 
103.355 
105. 773 
110.189 
ll2.865 
ll9.333 
131.246 
139. 073 

.1508 

.1524 

.1553 

.1609 

.1643 

.1729 

.1894 

.2002 

0 
.218 
.437 
.728 
.875 
.784 
.277 

0 

0 
/0 

0 
0 
0 

.216 
• 723 

1.000 

1.000 
.782 
.563 
• 272 
.125 

0 
0 
0 

2 

675.0 
702.5 
730.0 
757.5 
785.0 
812.5 
840.0 
869.6 

10,356,760 
ll,290,620 
12,291,300 
13,358,630 
14,492,610 
15,693,250 
16,960,530 
18,397,520 

101. 768 
106.257 
ll0.866 
115.599 
120.385 
125.272 
130.232 
135.637 

.1508 

.1513 

.1519 

.1526 

.1534 

.1542 

.1550 

.1560 

0 
0 
0 
0 
0 
0 
0 
0 

0 
.141 
.283 
.424 
.565 
.707 
.848 

1.000 

' 
1.000 

.859 
• 717 
.576 
.435 
.293 
.152 

0 

675 
678 

10,356,770 
ll,433,760 

101. 768 
106.929 

.1508 

.1577 
0 
0 

0 
.152 

1.000 
.848 

3 
681 
685 
687 
690 
693 
694.6 

12,618,490 
14,344,550 
15,252,180 
16,667,400 
18,234,820 
19,341,440 

112.332 
119. 769 
123.500 
129.102 
135.036 
139.073 

.1650 

.1748 

.1798 

.1871 

.1949 

.2002 

0 
.168 
.288 
.466 
.277 

0 

.305 

.391 

.410 

.438 

.723 
1.000 

.695 

.440 

.302 

.100 
0 
0 

4 

354.5 
357.5 
360.5 
363.5 
366.5 
369.5 
372.5 
374.2 

9, 772, 219 
9,226,746 
8,934,763 
9,068,050 

10, 672. 984 
12,507,410 
14,571,327 
15,845,900 

98.854 
96. 056 
94.524 
95.226 

103.310 
111.836 
120. 712 
125.880 

.2789 

.2687 

.2622 
• 2620 
• 2819 
.3027 
.3241 
.3364 

1.000 
.652 
.305 

0 
0 
0 
0 
0 

0 
0 
0 

.033 

.304 

.575 

.846 
1.000 

0 
.348 
.695 
• 967 
• 696 
. 425 
.154 

0 

~/ Values listed under w , w , w are percentages of 126,607 tons of bulk-packed tomato paste contracted for purchase. This repre
1 2 3 


sents 790,410 tons of raw tomatoes, or 30,000 acres at the 1975-1984 yield expectation of 26.347 tons per acre. 


The expected profit, variance, and standard deviation shown here refer to the expected value of the present value sum of profits'E./ 
over the 10--year planning horizon. 
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163 percent of cooperative cash costs of bulk iJaSte production. The sales

minus markdown is sirailarly 25.8 percent, the proportion of the distributor's 

revenue from toRato sauce sakes paid to the cooperative for purchase of 

paste. ,As seen in Table '~.5, the sales-ninus option predominates in the 

low risk, low gain portion of the E-V curve, marl:et price in the middle 

range, and cost-plus in the high risk, hi8h gain region. There are no 

efficient conbinations of cost-plus and sales-r.1inus options, but the market 

price is advantageously used in conjunction with each of these. 

The effect of changing the cost-plus markup in frontier set #2 is 

dramatic. The E-V curve leaves its classical, approxinately quadratic 

shape and becomes nearly linear. Increased attractiveness of the cost-plus 

option renders the market price option inefficient at every point, so that 

portfolios include cost-plus and sales-minus only. The range of possible 

profit expectations increases substantially. 

In frontier set #3, Figure Li.JC, the mark.et price option is chanrred to 

a fixed price offer for the duration of the contract. This price is set at 

a level 15 percent lower than the averar.;e expected market price over the 

ten-year planninf', horizon to compensate for the reduced risk this provides 

the distributor. Since the price offer is fixed, its variance and all 

associated covariances are zero. E-V #3 is much more linear in shape than 

E-V Ill, Figure L~.3A, but the average slopes of the two curves are identical; 

that is, plotted on the same scale, their beginning and end points are in 

the same place. If all probabilities are normally distributed, frontier /fl 

is preferred to f,!J at all other points than these end points since they 

represent lower profit variance for the same profit expectation. 

It will be noted in Table Lf.5 that frontier #3 is the only distributor 

frontier for which so1i1e portfolios include all three contract options, 

This is undoubtedly due to the eliraination in this scenario of the paste 
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market price variance. The effect of removing the variance is to erase all 

covariances that involve the market price option, namely the moderate posi

tive covariance bet~reen the paste and sauce market prices, and the moderate 

positive covariance between the paste market price and paste production 

1/
costs.- Risk minimizing procrams tend to avoid combinations of contract 

options with positive covariances. Thus, as those covariances decline, the 

associated options are more likely to be found in three-way combinations 

over wide ranges of the efficiency frontier. 

The 15 percent reduction in the price moments in frontier set f.!L~ is 

intended to represent a more bearish nark.et outlook for these prices over 

the next ten years. The most irnr.1ediate result of these changes, Table 4. 5 

and Figure 4.3D, is that the frontier's feasible expected profit region 

declines drastically from the $675 - $695 million range to the $354 - $375 

million range. Second, a portion of this range is associated with a nega

tive E-V slope. It is irrational for a risk averter to operate in the 

negative range because he could adopt portfolios with higher profit expec

tation and lower variance. Specifically, all market price options are in

efficient since they have nonzero proportion values only on negatively sloped 

portions of the frontier. Watchers of the coefficient-of-variation frontier 

will also note that this curve turns positive at a higher expected value 

than does the E-V curve, indicating that risk as a proportion of the expected 

profit does not rise until well after absolute risk begins to rise. 

1/ Since paste production cost consists of the raw tomato cost in 	addition 
a

to nontomato cost, the latter covariance is a combination of cov(MV t' ps 
MVa ) and cov(HVa , NTVCCa ).

tom 	 pst pst 
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Relative Risk and the Task of Interpreting Efficiency Frontiers 

Reference has been 11ade frequently in the forerooing sections to the 
I' 

coefficient-aef-variation curves Hhich correspond to each E-V frontier. 

These curves measure the ratio of the standard deviation to the r.tean for 

each point on the E-V frontiers, and thus record relative rather than 

1/absolute chanr;es in risk fron oue part of the E-V curve to another.

The advantap:e of coefficient-of-variation curves is that, unlike E-V 

curves, they provide decision makers with information that is intuitively 

more comprehensible. It would have little meaning to a cooperative board 

to inform themi on the basis of Fip;ure l1,2D, that to increase their ten-

year net r:iari:;in expectation from $277 to $2G4.7 nillion, they nust accept 

a $2 trillion net maq~in variance increase. It seems more !'1eaninr-ful to 

tell the1c. that the augnented net margin expectation is actually associated 

with a decline in rel.<ttive risk fr01:1 •Ol~(i6 to •0456. Coefficients-of

variation are sMaller, more mana:::;eable nunbers and have the. advantage of 

providing decision makers \-;ith a basis for comparinr; changes in the two 

probability m01nents. 

After a firm has hecmne familiar with the range of coefficients-of

variation that occurs in its contract efficiency sets, it can develop rules 

of thumb for use in planning an optimal contract portfolio. For example, a 

possible cooperaU.ve decision rule is to prefer contract portfolios with 

hiGher expected net nargin up to the point where changes in coefficient-of

variation turn positive. A cooperative employing this decision rule and 

facin~ efficiency set 114, Fi0ure t;.21J, would select point A with associated 

Y An alternative r.teasure of relative risk is the relative variance curve 
2 2

(a1T/µ1T). 
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sales portfolio: market price, 91.l~ percent; co7t-plus, 3.2 percent; 

sales-minus, 5 .4 percent. An alternative (iecision rule is to select port

folios ·pith hir;her expected profit up to the point where positive rates 

of chan:3e in coefficient-of-variation exceed soTTte preassiened limit. Such 

a point mieht be point B in Figure 4.2D~ where the preassir.ned linit is a 

1/
45-dep,ree slope.

The purpose of efficiency frontier analysis is to illustrate trade-

offs, for alternative efficient contract portfolios, Letween the nean and 

risl: or relative risk of incmae. The specification of "efficient" port

folios is important. Coefficient-of-variation frontiers limit the firm's 

decision making problem r,reatly Ly elininating all portfolios for which 

relative risl: could be reduced Hithout sacrificinr: profit expectRtion. As 

an example, an inefficient contract portfolio that sets each purch~rne option 

at 33.3 percent has teen plotte<l for distributor E-V f'2 on Figure lf.JB. 

This portfolio, if adopted uncler the pn.r;ir.':eter contlitions specified for 

efficiency set l!-2, Table /! .4, Pould provide the distributor with a ten-year 

present value profit expectation of S744.4J uillion, a varim1ce of $13.4 x 

15
10 , and a relative risk of .1555. Point A in Fir,urc Ii. JB irn1icates the 

present value mean, variance point nn.l ~rnint B the pre.sent vaJ.ue :r..ean, 

coefficient-of-variation point. Both of these are above their corresponding 

1/ A reviewer has adc1ed the insight that efficient nean, standard deviation 
pairs can be combined with the Chebyshev inequality to provi<le, for each 
point on an E-V frontier, the probabilities of experiencinr, profits within 
prescribed ranges of the mean. Observing the. inequality Pr[ IIT - µIT I 2_ 8a1T] 

-2 
~ l - G , 8 > O, the reviewer calculates, as an cn:ample, the least proba
bilities of obtaininr; a profit within G = µ/a standard deviations of the 
mean for each listed point on Grower E-V curve f.'l, Table 1,.1. At point 
'(Jl = .l;37, a = .10488), G equals 4.167; hence at this point the least 
probability of obtaining a ten-year profit in the ranpe zero to $87/f mil
lion is • 9lf2. The Chebyshev inequality nay also be usetl to indicate the 
range within which profits will re1~.ain for at least a prescribed probability. 
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efficiency lines. A distriLutor employing this contract strategy would 

suffer a relative risk nearly identical to the all-cost-plus strater;y that 

provides 16, J percent higher "'expected profit. 

A disadvantage of efficiency curve analysis, perhaps especially in 

portfolio problems, is its dependence upon and extreme sensitivity to 

parameter changes such as the cost-plus markup assumed. This sensitivity 

is seen by comparine; distributor efficiency curves f.!l and f.tz, Tahle 4. 5 

and Figures ff. 3A, B. Here a decrease in the cost-plus uarkup m from 1. 63 

to 1.25 increases the range of ten-year expected value sumn from $19.4 to 

$19l~. 6 million. Consequently a new efficiency curve must be calculated 

whenever a new markup, markdown, or other parameter is considered. 

Another disadvanta13e of efficiency frontiers is that there appears to 

be no way of employins them for the purposes of a determinate portfolio 

decision without some reference either to a utility function or to a rule 

of thumb such as those discussed above. These rules of thumb have no theo

retical basis; a decision maker nay be unable to discover a rule of thunb 

that he is certain will serve his best interests. Hore specifically, it is 

impossible to know whether a given rule of thumb will identify a contract 

portfolio that maxiBizes the expected utility of any Von Neumann-Mor~enstern 

utilist. To accomplish this i<lentification, it is necessary to combine 

infornation contained in E-V (not coefficient-of-variation) curves with the 

decision maker's money utility. We turn to a consideration of utility 

functions in the next section. 
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V. ESTUfATION OF ~101mY UTILITIES 

Our previous developnent (Section II, eq. 5 and footnote),has shoi:m 

that the utility of any contractual arranr,ement to a rarticular partici

pant may be e:=pressed as: 
') 

E[U("!'f)] = U(p) + (l/2)cr"" U"(M)
T'1 m 

+ hi~her moTients for nonnormal distributions. 

In the above, U(pM) or U[EC1)] is the utility of the e~qiected mone

tary result and a~ is the variance of uconetary results )J For r:rower or 

distributor, H is net profits. For the cooperative board of directors and 

nanagement, His cooperative net margins. If U[F.(H)] increased linearly 

with H, the hi[.(her derivatives would be zero and the utility of any con

tractual arranf;ement could be measured in terms of only its ex?ected none

tary outcome. But for risk avcrters or risk takers, the utility of e::-:pected 

monetary returns varies nonlinearly with the rate of return. In this sec

tion Ye describe the procedures used to estiuate utility functions and 

present the results of these estimates. These results are then used to 

solve for maxil'lum-expecte<l-utility riortfolios in Section VI. Subjects for 

utility estir:1ates include growers uho sell to the cooperative on a raer.tber

ship and nonmembership basis, and an executive and director of the coopera

tive itself):./ 

1/ Utility may be influenced by other outcomes as well, such as perquisites 
associated with laq;e firm size. Firn r;oals may also be ordered to form a 
lexicographic utility function [Ferguson, 1965]. Our interviews with 
coop personnel did not uncover these aspects of utility vari?.tion. Note 
that the argument H (money) in the above function is equivalent to the 
argument rr (profit) in Section II. 

l) We were not able to obtain interviews an<l develop utility functions 
for the distributor. A synthetic distributor utility function is later 
developed for illustrative purposes in evaluating alternative outcoHes of 
the lone-tern contracting process. 
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Utility Measurement 

A widely knmm method for estimating utility function for profit 
, 

or net mar&ins is to ask a respondent to consider a gamble with given proba

bilities of two specified dollar outcomes [Von Neumann and Morgenstern]. It 

is not required that either outcome involve a loss, although losses are 

specified by most researchers. For each gamble, the respondent is then 

asked to name a no-risk dollar receipt (or payment) such that the respondent 

would be indifferent between taking the gamble and receiving (or paying) the 

no-risk amount. The respondent's utility for the no-risk amount is calculated 

by assigning arbitrary utility values to the two possible gamble outcomes, 

and invoking the expressed indifference between gamble and no-risk payment 

to calculate 

where 	M is the no-risk receipt or payment, 


M , M
2 

are the gamble pay-offs,

1 

U ( ) is utility, and 

p ( ) is probability. 

Selective alteration of p(M ), l-p(M ) will cause changes in the
1 2

specification of gamble, and thus in the no-risk amount to which the respon

dent is indifferent. Hence, a utility value can be calculated for as wide a 

money range as the interviewer and respondent choose. 

Writers in utility theory have mentioned some important pitfalls in 

this procedure [Von Neumann and ~1orgenstern, pp, 18-19, 30-31; Luce and 

Raiffa, pp. 34-37]. Some decision makers may not possess a utility function 

which obeys the axioms invoked by Von Neumann and Morgenstern, and truthful 

answers of these persons to the utility questionnaire would be meaningless 

or difficult to incorporate into our analysis. Even if respondents obey all 
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utility axioms, their noney utilities may change so quickly over tiue that 

any conclusions one may draw fron a sinr,le utility estimate are uselevs. 

It has also been warned by several writers [Luce and Raif:fa, p. JG; Halter 

and Dean, l1• 63] that subjects would lie encountered who do not understand 

the fundamental concepts of probability, for exar.i.ple that the sum of proba

1/bilities is always one.

Although these clearly arc inportant limitations, the value of even 

roush estim.ates of utility functions offsets the problems associated with 

their estiraation and interpretation. Such functions enable us to e~tinate 

the general nature and ranee of risk aversion and provide a neans of approx

imating the likely ranzes of optinal contract portfolios. Frot:l these esti

mates we. are able to develop some generalizations which seem likely to be of 

value to those concerned with long-tern contracts. 

Interview ~{ethod 

The first step in the interview process was to decide upon an appro

priate ranp;e of dollar values over which to define a function. Since it was 

considered out of bounds to inquire into current or usual profits or losses 

of grower respondents, a rouBh upper profit rate per acre was calculated 

and this rate was multiplied by the total number of acres which would typi

cally be farmed in each 8rower' s size category. The resultine; <lollar ~>rofit 

was used as the high side of the utility range. The low sirle was usually 

!/ The Von Neumann-Morgenstern procedure of utility function estimation uas 
chosen over equi-probability (raoclified Vl1-M) and Ramsey methods because the 
process of altering probabilities of fb:ed dollar pay-offs seer•1ed raost 
natural for respondents to react to. Officer and Halter found that the VN-H 
method performed more poorly than the other two methods in predicting actual 
behavior of respondents. However their sanple size was too small to r:iake 
firm conclusions about this. The objection to VN-H that subjects are biased 
against "gambling" is not cor'.1pellin6 and vas borne out only in several cases 
in our interview process. Even t,~here this bias occurs, interviews nay be 
worded to remove the gamblinr; issue, 
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calculated by dividing the high side by two and multiplying hy -1. "Large" 

farners (greater than 1,400 total acres) were assigned the annual profit 

range -$300,000 to $700,000'; "medium" farmers (700 to l,l100 total acres), 

the range -$150,000 to $300,000; and "small" farmers (less than 700 total 

acres), the range -$75,000 to $150,000)/ Each cooperative spokesman 

provided utility responses for the range -$15,000,000 to $25,000,000 in 

net margins. 

Once the range for each respondent was determined, the extreme high 

and low sides of this range were employed as the dollar pay-offs (or losses) 

of the proposed Von Neumann-Morgenstern gamble. The high side was assigned 

the arbitrary utility value 100, and the low side O. Each respondent was 

then asked whether he would accept a gamble in which there was an 80 percent 

chance of the gain and a 20 percent chance of the loss. Pay-offs or losses 

were interpreted as profits or losses from each respondent's farming or 

processing enterprise in 1975. If the respondent declared he would be 

willing to accept the gamble proposed, he was offered a no-risk dollar 

payment instead of the gamble. No-risk payment offers were interpreted as 

offers to rent the farmer's or processor's land, building, and equipment in 

1975 for a cash fee. The first rent offer was arbitrarily chosen, but this 

amount was altered until the point was found where respondents were fairly 

indifferent between the proposed farming gamble and the rent offer. 

Care was taken that the respondent did not interpret the cash rent 

offer as a proposal to bargain over the terms of rent. If the respondent 

thought he could bargain, he would refuse any cash rent of fer that he 

1/ There were several exceptions to this rule, notably in the case of 
grower #6. An exception was allowed when it was discovered that .a grower's 
annual expected profits differed significantly from the midpoint of the 
original range. 
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thought the interviewer might be willing to improve upon, regardless of 

whether he preferred this cash offer to the proposed gamble. Respondents 

were informed that bargaining over cash rents was out of place and were 

asked to consider each cash offer as the "last" offer. 

Once the cash rent indifference point was found for the 80-20 gamble, 

the respondent was asked to consider a gamble identical to the above in all 

respects, except that odds are changed to GO percent chance of winning and 

40 percent chance of losing. If the respondent was willing to accept this 

gamble outright, he was offered a cash rent in its stead and a gamble, cash 

rent indifference point was found. If he was not willing to accept the 

gamble outright; he was informed that a penalty would have to be paid to 

avoid the gamble. The size of penalty for which the subject was indifferent 

between penalty and gamble was then determined similarly to the gamble, cash 

rent indifference point, care being taken to ensure that the penalty level 

was not a subject for bargaining. 

Sir.iilar procedures were repeated for gambles with 40-60 odds and for 

20-80 odds. In all, the cash rent or penalty indifference points for four 

such gambles were recorded. Since the arbitrary utility assignment to the 

winning amount of each gamble was 100, and to the losing amount zero, it was 

convenient to apply equation (17) to each garable in order to calculate the 

farmer's or processor's utility for the corresponding no-risk payment or 

penalty. For example, if the cash rent indifference point to an 30 percent 

chance of $300,000 and 20 percent chance of -$150,000 is $10,000, the sub

ject's utility for $10,000 is (.8)(100) + (.2)(0) = 80. The subject's 

utility for the no-risk indifference point in the o0-40 gaflble is invari

ably 60, and so forth. 

Most respondents were surprised at the questions posed to estimate 

their money utility and found it hard work to provide answers. It is clear 
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that most of them, especially the older ones, were not used to thinking in 

terms of abstract probabilities and abstract or hypothetical business situa

tions. Reactions to the su~estion that they reason in these terms ranr,ed 

from outright refusal, to discomfort or impatience, to eagerness. It is 

natural that we should rate the estimates from the eager respondents more 

highly than the others, since it is proliable that the less patient ones <lid 

not give as careful consideration to their answers. Ear:er respondents, 

however, exhibited the spectrum of linear, moderately risk averse, and 

strongly risk averse utility. 

The most important difficulty encountered 'ms for interviewer A.ml 

respondent to locate the proper level of alistraction fror.1 ,;hich ncaninzful 

answers could be clrmm. :fast p;rouers and cooperative representatives ob

jecteJ. that the reference ;_:;.'.l.r.1bles were too hypothetical. It seeraed to them 

useless to consider an GO percent chance of losing money when the nornal 

risl: of nuch a loss i3 only five percent or ten percent. Others objected 

that real-life risk situations do not carry l:nown probabilities, as our 

reference gamhles seemed to i1:iply. 

Another abstraction problem arose over the business situation repre

sented by the reference gambles. T~m r:rouers' biases ap;ainst canhling 

couplicated the interview process; these respondents trnulC. not answer 

questions in which "gar.1bles" were mentioned because of bad connotations 

with dice and cards. \ihen, to discourage this bias, the reference contract 

uas expressed in terms of a one-shot farm-or-lease-out Jecision, it became 

unclear how strictly this analop.;y should be taken. Several Erowers objected 

that leased equiprnent trould always be returned worn or broken (the no-risk 

cash alternative), Others uere biased against leasin~ because of personal 

corrrraitments to laborers, suppliers, and landlords, They were assured that 

the lessee would honor these personal oblir,ations. Another probleL1 was the 
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difficulty sane had accepting a situation in which they had to pay cash to 

avoid a gamble they considered undesirable; reactions that this situation 

constitutes extortion tended to bias utilities toward risk seeking in the 

lower dollar range. 

Interview Results 

He were able to obtain interviews with nine grower members of the 

cooperative, a top management executive, and a director. Infornation on the 

attitude toward risk of the total board of directors was also developed in 

a manner to be discussed presently. 1/ The growers were selected to cover a 

range of characteristics (see Table 5.1) which we hoped could be related to 

their attitudes toward risk)/ Our objective was to obtain representative 

utility functions for the various participants. 

Growers' responses to the money utility interview procedure are re

corded on Table 5.2 and graphed in Figure 5.1. Grower #5 refused to answer 

the questionnaire. Grower lf6 on the other hand volunteered two sets of 

responses corresponding to widely differing wealth ranges. These are listed 

as f.l6A and //6B. 

Utility responses of the cooperative executive and director are siven 

in Table 5.3 and graphed in Figure 5.2. The responses suggest that the 

executive is indifferent between a $3,000,000 payment and a gamble whose 

pay-offs to the cooperative are $25,000,000, -$15,000,000, regardless of the 

odds associated with these pay-offs. This attitude is only narginally 

l/ As noted earlier, we were not able to obtain interviews with distributor 
representatives. A synthetic function was developed for illustrative pur
poses, as explained later. 

Y A larger sample would have been desirable for this purpose. However, 
the time and difficulty of obtaining interviews precluded our contacting 
more respondents. 



TABLE 5.1 Summary of Grower Socioeconomic Data 

(1) 

Grower 
number 

(2) 

Business 
status 

(3) 

1974 
acreage 

(4) 

1974 
tomato 
acreage 

(5) 

Pro
portion 
tomato 
to total 
acreage 

(6) 

Pro
portion 
of 1974 
acreage 
owned 

(7) 

Approx
imate 
age 

(8) 

Years 
farming 

(9) 

Years in 
cooperative 
membership 

(10) 

Number 
of 
customer 
canners 

(11) 

Proportion 
of 1974 
acreage in 
cooperative 
membership 

1 

2 

3 

4 

5 

6 

7 

8 

g 

brothers 

brothers 

single 

father -
son 

single 

father -
son 

single 

single 

father -
son 

6,000 

1,405 

1,245 

1,200 

1,200 

870 

790 

660 

565 

700 

950 

500 

460 

850 

200 

500 

150 

120 

.12 

.68 

.40 

.38 

.71 

.23 

.63 

.25 

.21 

0 

.33 

.15 

.13 

.33 

.13 

.JO 

.61 

.so 

55 

45 

45 

55, 25 

so 

80, 45 

40 

45 

? 28.. 

15, 

? ' 

27 

10 

18 

2 

20 

? 

15 

22 

2 

27 

7 

7 

norunember 

? 

36 

? 

? 

1 

1 

2-3 

2-3 

4 

1 

1 

3 

1 

1 

1.00 

? 

' 
.40 

0 

1.00 

1.00 

.40 

1.00 

1.00 

o:> 
N 



TABLE 5.2 Grower Responses to Utility Function Questionnaires 

Utiles 

100 
80 
60 
40 
20 

0 

Utiles 

100 
80 
60 
40 
20 

0 

-
-
-
-
-

Grower 
#1 

$700,000 
300,000 
200,000 

- 50,000 
- 150,000 
- 300,000 

Grower 

#6A 


$1,000,000 
25,000 
62,000 

100,000 
300,000 
500,000 

Grower 
112 

$700,000 
525,000 
350,000 

- 125,000 
- 175,000 
- 300,000 

Grower 
#6B 

$4,000,000 

250,000 

- 250,000 
- 350,000 
- 400,000 
- 1,000,000 


Grower 
tf 3 

$300,000 
201,000 

0 
0 
0 

- 150,000 

Grower 

114 


$2,000,000 

1,500,000 


750,000 

35,000 


00100,000 w 
- 1,000,000 

Grower 
117 

$300,000 
100,000 

30,000 
20,000 

- 50,000 
- 150,000 

Grower 
ft8 

$150,000 
100,000 

50,000 
- 5,000 
- 35,000 
- 75,000 

Grower 

tf 9 


$300,000 
30,000 
20,000 

0 
- 40,000 
- 150,000 
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FIGURES.I 


Money Utility Observations for the Grower Sample 
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TABLE 5,3 

Responses to Utility Function Questionnaires: 

Cooperative Spokesmen 


Cooperative executive Cooperative director 

u t j ls dollars ut ii s dollars 

100 25,000,000 100 25,000,000 

80 

60 

40 

20 

0 

- 3,000,000 

- 3,000,000 

- 3,000,000 

- 3,000,000 

- 15,000,000 

80 

60 

40 

20 

0 

12,500,000 

7,000,000 

3,000,000 

- 2,500,000 

- 15,000,000 

FIGURE 5.2 


Honey Utility Observations for the Cooperative Executive and Director 


Ut i 1 s Ut I lsCooperative Executive Cooperative Director 


1001- 100 


Bo 80 t

60 
 60 


40 I- Ito 


20 
 20 

..L 

-10 0 10 20 -10 0 10 20 

Mi 11 ion dollars Ml 11 ion dollars 
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rational; ordinarily one expects utility to rise only as money income rises, 

and utility may not rise as income falls. When the unusualness of these 

answers was pointed out, the exetutive replied that the prospect of dollar 

losses in the range of $15,000,000 would induce irrational behavior in any 

cooperative of similar size. In further conversation, however, he indicated 

that a processing cooperative's first goal is to provide a secure home for 

member produce. It is possible to construct a thoroughly rational marketing 

strategy on this basis, either through invoking a minimax criterion or 

through appealing to a strongly risk averse money utility function. One 

summary measure of the executive's feeling toward risk bearing is provided 

by fitting a continuous function, for which U'(M) JO, through his actual 

responses. Another measure, emphasizing stronger risk aversion inherent in 

the "secure home" statement, could be obtained by dropping the observations 

corresponding to 60, 1.0, and 20 utils. The former course was taken in 

this study. 

The member of the cooperative board of directors who was interviewed 

for this study felt that a cooperative was too safety-oriented that sought 

only to provide a secure home for its members' products. He detected a sys

tematic difference in business philosophy between "managers" and "entrepre

neurs." Managers are particularly wary of year-end net losses, he said, 

because these threaten their job security. This fear prevents them from 

taking risks necessary to operate an optimally successful business. Entre

preneurs, on the other hand, take the risks necessary to maximize profits. 

This respondent classified himself as an entrepreneur both in his own farm 

operation and as a voice in cooperative affairs. 

His answers (Table 5.3) as a cooperative director to the standard 

utility reference contract support this self-evaluation. Although the 

observations in Figure 5.2 suggest f:irst risk seeking, then neutral, and 
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finally risk averse behavior, the sense of the respondent's answers indi

cated he was attempting to describe a linear function. Each time a point 

of indifference between gamble and premium or penalty was sought, the 

director said he was looking for a dollar value which would "describe the 

gamble," based on its pay-offs and probabilities. This is a clear reference 

to the gamble's expected value. Thus deviations from the function's linear 

tendency may be ascribed to an imprecise notion of expected value or to 

hasty calculations. Our conclusion is that this board member would urge the 

cooperative to maximize expected profit regardless of the size of risks 

involved. 

Whether the other board directors would agree with this urging may be 

found by observine the circumstances of an actual board decision. The board 

recently faced an expansion decision which presented a possible $4 million 

profit or $4 million loss. The subjective probability assigned by coopera

tive management to the positive pay-off was 90 percent, and to the loss, ten 

percent. The expected value of this bet is $3.2 million profit. However, 

the board rejected the proposal, that is it chose no-risk zero dollars in 

its place, because the proposal was considered too risky. The strong risk 

aversion displayed in this decision is evident by expressing it as 

(17)' U($0) ..:_ .9U($4 million) + .lU(-$4 million). 

When utilities 100 and 0 are assigned to a $4 million 8ain and loss, 

respectively, we have 

U($4 million) = 100 

U($0) > .9(100) + .1(0) = 90 

U(-$4 million)= O. 

If the middle inequality is replaced by an equality, the utility relation

ship contradicts the linearity of the director's function an~ corroborates 

the moderate-to-strong risk aversion implicit in the executive's responses. 
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Estimates of Utility Functions 

Each of the sets of utility observations may be regarded as a sample 
I' 

pertaining to the respondents' utility scale for money. Since the responses 

are intuitive they do not necessarily all fall precisely on the line which 

would represent the "real" attitude toward money and risk)/ In order to 

solve for optimal contract portfolios we need to estimate functions which 

best describe the utility-money relationships and at the same time are 

tractable for further mathematical analysis. 

2Two functional forms were explored: quadratic (U = a + bM - cM , b, 

c > 0) and negative exponential (U = K - 8 exp[-A.H], El, A.> O). Both have 

the desirable property of yielding optimal solutions by quadratic program

ming routines.~/ As noted by Arrow, the quadratic function has the theo

retical property, considered undesirable by some, of increasing absolute 

risk aversion with greater income. The exponential function is an improve

ment in the sense of exhibiting constant absolute risk aversion, but is not 

necessarily a better fit to the data over the range of observations. 

Our procedure was to fit quadratic functions to all of the utility 

data sets and exponential functions to selected sets for comparative pur

poses, the latter being somewhat more difficult to estimate. Either function 

must be viewed as an approximation valid only over the range of observation 

and, in the case of the quadratic function, restricted to the increasing 

portion of the curve. In application we shall be concerned with functional 

11 If the interview were repeated at another time or perhaps formulated 
in different terms, we might e~~pect a different scatter cf dots, but falling 
within the same general pattern. Replication of this sort was not possible. 

:!:.../ We also explored cubic functions but the improvement in fit, if any, was 
not sufficient to justify the added mather.latical complexity in obtaining 
optimal solutions. 
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properties over only fairly narrow ranges of expected prof it levels appro

priate to the problem under consideration. At expected income points 

where both functions show about the same rlegree of risk aversion they may 

be expected to yield sooewhat similar portfolio solutions. 

Quadratic Functions 

The quadratic utility functions are presented in Table 5.4. The qua

dratic terms (c coefficients) are not significantly different from zero for 

growers 112, /13, and //4, sugzesting that their utility functions are linear. 

Thus, they appear risk-neutral over the observed range. This is evident by 

1/inspection of Figure 5.1.

The quadratic terms are also statistically nonsignificant for both the 

coop executive and the director. In the case of the executive, Figure 5.2 

strongly suggests concavity and the lack of significance is due to the wide 

scatter and limited observations. The negative quadratic term thus seems 

acceptable in this case, reflecting a moderate degree of risk aversion. 

For the director, a cubic function actually fits the data better, suggesting 

first risk-seeking, then risk-neutral, and finally risk-averse behavior. 

However, it was noted earlier that the overall attitude of the respondent 

seemed more consistent with risk neutrality. The function for the board of 

directors was not obtained by a statistical fit but was derived by imposing 

!/ An attempt was made to link differences in risk aversion among growers 
to their socioeconomic characteristics by regressing coefficients of rela
tive risk aversion as dependent variable against selected variables in 
Table 5.1. The coefficient of relative risk aversion [Arrow, Pratt], 
-MU"(M)/U'(H), provides a basis for comparing risk aversion of different 
subjects and at different income levels; they were here evaluated at the 
midpoints of each quadratic utility function. Socioeconomic attributes 
tested were 1974 acreage, proportion of 1974 acreage o'Wlled, age, and number 
of customer canners. There were no statistically significant results, 
possibly owing to the small sample size available. 
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TABLE 5.4 Estimates of Quadratic Money Utility Functions, 

U = a + bM + CM 2 f!/ 

: 

l 

1 1
Profit ! 

I 
"range 

R2Respovdent ($000) a b c 

Grower - 300 43.04 1.265 - .0064 .989 
Ill to (16.29) (12.53) (.,.3.20) 

+ 700 i 

Grower - 300 36.96 .916 - .0011 .947 
tf2 to (4.74) (3. 77) (-.195) 

+ 700 

Grower - 150 39.51 2.392 - .0136 .885 
113 to (4.475) I (3.279) (-.409) 

+ 300 

Grower - 1,000 32.15 .333 .000012 .980 
i/4 t:o i 

(8.40) (7. 79) (. 040) 

i+ 2,000 

Grower ! - 500 66.13 1.069 -.00725 .917 
#6A 

I 
to (7. 75) (5. 009) ! (-2.55) 

+ 1,000 

Grower l" 
1,000 63.07 l .565 -.00118 .925 

I 

-
#6B to (7.988) (4.632) (-3.418) 

+ 4,000 

Grower l - 150 44.72 2.865 -.0317 .946 
17 to (7.95) (5. 97) (-1.51) 

+ 300 

Grower i - 75 38.75 4.751 -.0487 .997 
f!8 to (25.58) (22.335) (-2.26) 

+ 150 

Grower - 150 50.76 3.098 -.0469 .872 
119 ' to (5.86) (3.82) (-1.39) 

+ 300 

Cooperative -15,000 59.82 .031 -.0000061 • 714 
executive to i (3.99) (2.36) (-.85) 

+25,0001 

Cooperative -is oooT 36.47 .027 0 .962' ' director to (7.30) (7.14) (0) 
+25,000 

Rr(M}~/ 

.2537 

.0504 

.0932 

.0036 

.5131 

.2000 

.0833 

.2938 

.240 

0 

1 

Cooperative - 4,000 90 .125 -.00025 - .250 
board of to 
directors + 4,000 l 

I 

I 
f!/ 	 Money is expressed in $10,000 units. To express in $1 units, move 

decimals in regression coefficients to the left: 4 places for b 
coefficients, 8 places for c coefficients. The a coefficient is with
out behavioral significance and reflects only the arbitrary utility 
scale selected. Values in parentheses are t-ratios. 

!:) 	 Rr (M) is coefficient of relative risk aversion, -MU" (M) /U' (M) , here 

evaluated at the midpoint of each quadratic function, except for 
the board of directors. The latter was evaluated at $500,000. The 
midpoint of the board's function is a $0 where Rr(M) is also zero. 
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a quadratic function on the points generated from the observed action of 

the board described earlier. 

Exponential Functions 

Negative exponential functions were fitted to the data for growers 

/fl and #6A, the cooperative executive, and the cooperative board. Finding 

a best-fit exponential function requires substantially more effort than the 

OLS fit of a quadratic equation. The procedure employed here was to move 

the constant K in this function to the left hand side to give 

->.Jr
(18) U - K = -Se .• 

In order for utility to be positive, K must be positive and greater than U; 

thus (U - K) < O. Multiplying by -1, we obtain 

(19) -U + K = 8e-t..M. 

Taking natural logs of both sides, 

(20) ln(-U + K) = ln8 - AM. 

The OLS estimate of this relationship yields ln8 as a constant term and 

-/.. as coefficient of money. The anti-log of ln8 and negative of -A ~ay then 

be substituted into (18). Since estimates of 8 and A depend on the value of 

K chosen, it is necessary to try a set of K's and choose that corresponding 

1/function which best fits the original data.- Such fits are hand calculated 

by minimizing the sum of squared errors. 

The exponential fits to 	the data are as follows: 


U = 160 - 117.3e-.001002M 


U = 120 - 60e-.001194M
Grower /f6A 

1/ Log utility values here represent nonlinear utility transformations; 
2

hence maximizing R from the log fits is not a legitimate selection 
criterion. 
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Cooperative 
U = 120 - 59e-.001194MExecutive 


Cooperative 

Board U ~ 101 - 10.4e-· 5769M. 

In the above, H is measured in $10,000 units, As is noted in Arrow or 

Pratt, the superscript coefficient A. is a measure of the constant abso

lute risk aversion. 

Quadratic and Exponential Functions Corapared 

If the quadratic and exponential function for Grower f!l were graphed 

in Figure 5.1, they would lie close together over the range of observations. 

Either would be an acceptable fit to the data. For ;?;rmmr il6A, houever, 

the two results differ significantly. Because of the peculiar pattern of 

observations, the quadratic function reaches a peak at $700,000 and then 

declines - a losically unacceptable result. The logistic function avoids 

this problem but seems to underestimate substantially the degree of risk 

aversion in the upper ranges. We would have little confidence in either 

function as a reliable estimator of the utility relationship for this 

grower. 

Turninr; to the cooperative executive, the two functions are similar 

over Most of the range of the data, particularly in the positive part. 

For the board of directors, the quadratic and exponential functions are 

almost identical over the observed range of -$4 riillion to +$4 million. 

Althouf,h extensions much beyond the observed range would be questionable 

with either function, the exponential curve 'muld appear r.10re acceptable 

for lar,r:er values of If since the quadratic would eventually peak and them 

turn <lmm)/ 

'J:/ In comparing the executive and board functions and the different ranges 
of observed E'onetary values it is iraportant to recall that 
can be attached to the specific utility units. 
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From these comparisons it is difficult to ar:;;ue t1rn.t one or t11e otl1er 

of the t\m functional forns is 3c11erally superior as a m~ooth approxir::i.ation 

to observed utility responses over a ::;i,rcn range o:!: data. The quadratic 

function may sometimes yield unacceptable curvature suc~1 ws for ~~rower tf.6A 

and any e:i.~tensions beyond the observations would seem safer idth an expo

nential function. However, the quadratic function may be .::m acceptable 

esthiator of risk aversion over linited ranges and vossesses convenient 

mather.iatical properties. 

In the next section, ~:e sl1all clraw on t1iese utility estimates to shov 

how attitudes toward ris1: r:\ay affect contract choices an<l to attempt to 

identify areas in the contract space where alternative contract portfolios 

seem optimal. 
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VI. · OPTIHAI.. COliTP.ACT PORTFOLIOS AND CONTPACT EQUILIERIU~1 

In Section IV we showeu hou sane contract portfolios could be elimi-
J' 

nated as inefficient and identified efficient portfolios for selected sets 

of contract specifications. The findin3s arc applicable regardless of the 

decision r,1aker' s intensity of aversion to risk. If we have additional 

lmowledr;c of a contract participant's risk aversion intensity in the form 

of a utility function for income, we may identify the particular efficient 

portfolio solutions which would be optimal for that participant for any 

given set of contract terms. The optinal portfolio is defined as that 

which maximizes expected utility (see Section II). Since trade will occur 

only when the contracting parties agree on both sales quantities ancl terns, 

the final equilibrium solution requires further identification of the par

ticular contract parameters which generate identical optimal sales quanti

ties for buyer and seller. In this section the profit functions presented 

in Section II anu the utility functions estimated in Section V are utilized 

to explore the contract parameter space for which various portfolio mixes 

are optimal, given these particular functions. An approximate final equi

libriufu solution is then developed. 

Problem Specification 

Recall that in Section II the objective functions for the contracting 

participants were specified by insertine expressions for eJ:pectccl profit 

and variance of profit into the expected utility functions. With total 

quantity to be exchanged set at predetermined levels, profit (or net margin 

in the case of the cooperative) may be expressed as a function of the values 

assir;ned to the contract price parameters (k, 9., m and n) and the propor

tions of sales under each of the alternative contractual arrangements or 
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sales methods--see equations A-1, A-5, A-9 in Appendix A.'1/ The expected 

profit functions are specified by replacing the cost and revenue terms in 

A-1, A-5 and A-9 with their expected values, as indicated in equations 

A-2, A-6, and A-10 in Appendix A. The numerical values of these terms 

are given in Table 3.s.2:../ The variance of profit for each participant is a 

quadratic function of the portfolio proportions, the contract price parame

ters, and the variances and covariances of the price and cost values--see 

equations A-3, A-7 and A-11 in Appendix A. Values of these variances and 

covariances are given in Tables 3.5 and 3.6. 

In Section II it was noted that if the decision maker's utility func

tion is quadratic, the expected utility function may be expressed as 

2 2(6.1) F[U(TI)] =a+ bµ - c(cr + µ ) 
TI TI TI 

where µTI is the expected value of profit, a;" is variance of profit, and 

a, b, care constants (b, c > 0). For the negative inverse exponential 

utility function, expected utility has the form 

(6. 2) 

where K, 8, A. are constants > O. TI1e complete objective function for each 

participant is obtained by substituting the corresponding equations from 

]j s4 is set at .75, and z at .000029 in the presentation to follow. With 

this specification the grower is assumed to have committed 75 percent of 
his tomato acreage to the cooperative on a membership basis and wishes to 
determine how best to sell the remaining 25 percent--i.e., at market price, 
cost plus, or sales-minus contract. The market price option ray ke inter
preted as "open market" transactions or as a contract in which price is 
tied to market quotations. Similarly, the cooperative is assumed to con
tract 25 percent of its raw product needs from nonmembers. The 25 percent 
figure was selected to reflect the nonmember proportion that would accrue to 
the cooperative under study if procurement changes under consideration were 
enacted. 

'.!:./ Expected values for REVC , REVC, NTVCCa , VCC , FCC , and
npst pst npst npst 

NMC are omitted to preserve the confidentiality of the cooperative data. 
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A-2, A-6, A-10, A-3, A-7 and A-11 into (6.1) or (6.2). The optinizing 

probler,1 is to choose portfolio proportions which maximize expect eel utility. 

Hore specifically, we obtain , 

(a) for the grower 

(6 .3) Max E[U('TT )] = f (SIµ , 0 , k, Q,)
g g g g 

(b) for the processor 

(6 .4) Ha.x E(U(Nt1 )] = f (V,Rill , a , k, t, m, n)
p p p p 

(c) for the distributor 

(6.5) 

In the above S, V, R, U are vectors of portfolio proportions, µCl', µ ancl 
u p 

µ
c1 

are vectors of expected values of coefficients in A-2, A-6, A-10, and 0 , 
0 
t:> 

o , o<l are vectors of variances an<l covariances as given in equations A-3, 
p 

A-7, and A-11. 

In the remainder of Section VI l:C shall identify the approxh1ate ranges 

of values of contract parameters (k, Q,, m, n) for which various portfolio 

mixes appear optimal. Each set of estimates corresponds to a given partici

pant an<l to particular specifications as to risk aversion and form of utility 

function. We shall also obtain an approximate solution for values of k, SI.,, 

m, n such that optimal quantities offered for sale by each contractine; 

method are identical to optimal quantities sou~ht for purchase by that method. 
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Optir.1al Choice Under Risk Neutrality 

It is instructive to begin the analysis uith solutions which s1,ecify 

the optil'lal choices of risk neutral participants. Under risk neutrality, 

the utility function for profit is linear and the expecte<l utility maxi

mizing solution is the smne as the expected profit maximizing solution. 

The profit maxinizing results are of direct interest and also provide a 

base for evaluatine; the effects of risl: aversion an the optinal• mix. 

Since the expected profit function is linear (see Appemlix A, equa

tions A-2, A-6, A-10), the profit rnaxit:lizinr; portfolio solutions a.luays 

consist of a sinsle option. If one proportion is set at 1.0 (or .25 in 

the specification of the groHer or cooperative purchase problm:1r') and the 

others at zero, t~1e ex~H::!cted profit equations may be solved for the r.:m::e 

of values of contract i1rice nar:~~'~etcrs [or \Jhich each optioa '.~ives the 

largest expected profits. 

Optir,1al choice n:c:;ions for a ,;rawer i::ith 1,7.1'1 acres of tm,mtoes aau 

1,9lf0 acres of corn, \·rheat, .·mc'l. b~ans are graphed in Figure C.l. The 1aar

ket price and cost e:::pcctations are such that if all sales ;.rcre uadc at 

market prices, e:;,cpectcd returns for tomato pro<luctiot~ uoultl ue L,2 pcrce:Lt 

over cash costs and 22 percent over total costs. Thus, a cost-plus wirkup 

of k = l.!;2 would yield the sar::e expected profit as the narki:~.t price alter

native. The value of P. by dlich r:mrLet 1Hice and sales-ninus yiclu tlle 

same expected profit is .396 (see Table 3.5) •.l/ 

1) This is calculated by divi<lin3 e.2:pected per acre tm~ato narket value 

(:Na ) by e~;:pected ner acre n1 aste ;iarkct value (!1\la ) • The ,r',rawer sales-
ton · ' pst 

minus option, lil~c t~ie coop sales-ninus purchase option, refc'!rs only to 
coop paste revenue and assumes all paste has been sold at the narket price. 
This assumption is required to preserve the linear char.:i.cter of erouer and 
cooperative profit. See Section II. 



1. 8 

ll'l 
:l 

Q.. 
I.., 
ll'l 
0 

u 

1. 0 

98 

Fl GURE 6. 1 

Maximum Expected Profit Choices for a Grower 
with 75 Percent of Production Allocated to the 

Cooperative 6n a Profit-Share Basis, the 
Remainder Either Cost-Plus, Sales-Minus or 
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The determination of highest expected return regions for each coopera

tive sales option is sli~htly r.10re complex than for the grower curve becanse 

there are two sets of proportions, V and R, and four contract paranetcrs, 

n, n, k, P.,. Alternately assi,Gning 1.0 to each V. and zeros to the rer.iaining
1 

V. provides a set of linear .'.:unctions of rn and n \!hich nay be solved to 

define regions of hi::;hest return for each sales contract alternative. A 

sinilar process nay be used to define r:i.axinur1 expected return regions £or 

each purchase alternative. 

Fi;;ure G. 2 shows the ranr;e of values of n and n for Fhich eac~1 sales 

optio::i. ,r;ives highest e;:pected return with production at 75 ,300 tons of bulk 

packed 32 percent torv.:tto paste (18,D60 acre equivalents) and k anJ 5l set at 

1. 42 and .396. It will be recalled that at those levels of k anc: ,0,, the 

expected paynent received by :::rowers is identical for each alternative, i.e., 

market price, cost-plus, or sales-minus (see Fi[;ure 6.1). Cooperative price 

and cost expectations are such that if all purchases and sales wen~ ma<le nt 

market prices, rate of profit over cash costs ~muld be l;O percent and rate 

of profit over total costs 15 percent. Thus, a cost-plus narl:up of n = l.Li 

1/
represents equal profitability between market price nnd cost-plus options.

Similarly, the market price nnd sales-minus options provide equal expected 

profitability at n = .253/f, The latter value is computetl by dividing ex

pected per acre market value of tonato paste (lfVa 
pst

) by expected per acre 

a
market value of tomato sauce (HV )--see Table 3.5. 

see 

1/ The cooperative E-V frontiers presented in Section IV were constructed 
'ii°nder an e'~pectation of lower nontomato cash costs and have equal prof;it 
for market price and cost-plus at m = 1.65. Subsequent discussions witi1 a 
representative of the cooperative iu<licated that cost-plus marl:ups as high 
as 1.65 were not currently realistic. This sur;geste<l that our nontonato 
cash costs were too low. Increasing these costs lm1cred the break-even. 
value of cost-plus with market price to r< = 1.4. The E-V frontiers Here 
not recalculated since the 13eneral conclusions are not 0reatly altered and 
the computational cost is fairly large, 
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Maximum Expected Net Revenue Contract Choices 
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The distributor is assurne<l to contract for all of the cooperative sales 

of 32 percent tomato paste. Paste is reprocessed into various sauces and sold 

to food retailers and others. The purchase options are narket price, cost

plus, and sales-ninus. The expected profit function is specified as in A-10. 

The r.::mge of values of Pl and n for which each purchase option gives maximun 

expected profit to the distributor is p;raphed in Fir;ure 6.3. 

If Figure 6,2 is laid on Figure 6.3, it is evident that in areas where 

the distributor prefers purchases at f'l.arket price, the cooperative prefers 

sales at cost-plus or sales-I'linus. If the distributor hehaves as a pure 

profit maximizer and dominates the barcaininz process, the cooperative can 

not expect to enter into any cost-plus or sales-minus contracts where m > 

1.4 or n > .2534. Conversely, if the cooperative behaves as a pure profit 

maximizer -(risk neutral) and dmainates the bargaining process, it would not 

enter into any cost-plus or sales-minus contracts where n < 1.Lf or 11 < •2534. 

If m = 1.4 or n = .2534, the latter contracts could be euployecl, but this 

would offer no advantar,e to either party over Tllarket price. However, if 

either party is risk averse, cost-plus or sales-ninus contracting nn.y occur 

for values of u an<l n other than l. 4 and •25JL1 and the optfr1al solutions may 

provide a mix of contract options. 

Optimal Choice Under Risk Aversion 

Our limited sur.vey of r;rowers and cooperative clecision nal:ers sun:csts 

that they Play vary uidely in their attitudes toward risl:. Althou;:h 11ost 

decision mal:ers exhi1:ited characteristics of risl: avcrslon, a fe\·; nay Le 

risk takers, prc:forrin;;; situations uid1 lower e.xpect:::~d ;.>ny-offs if they 

offer possible opportunitic.:s for larger gains, Hany others appear to be 

risk neutral. Still others nay be risk tal~ers for sor.:e levels of incov.e 

and then risk neutral or risk averse as incoTJe varies. Hitll so nud1 
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FIGURE 6.3 

Maximum'Expected Profit Choices 
for the Distributor 
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variation, optinal contract choices cannot be specified in any i;eneral 

sense, but nay vary with the proclivities of the individual participants, 

And in many cases, equilibriun choices of contractual terms and portfolios 

as deterrniaed by (say) nanagcr,1ent personnel nay be consiclere<l less than 

optimal by others in the organizations, and may in fact vary with chances 

in authority, In view of this, the explorations of contract parancter 

space and the specific equilibriu::-.1 solutions which follow nust be re3arded 

as illustrative rather than precise zuidelines, However, the results pro

vide a basis for some generalizations about the effects of risk aversion 

and suggest sane interesting conclusions about the establislment of con

tract terms. 

Selection of Representative Utility Functions 

Since the objective in this section is to show how attitudes touard 

risk nay affect the optimal contract mix, we have selected utility functions 

and operational points on these curves that reflect moderate to stront: de

grees of risk aversion, consistent t1ith the observed resµonses. We have 

also made limited comparisons between results obtained with quaclratic an<l 

exponential functional forms. 

To represent the r;rower component of the model ue selected the utility 

2function for Grower 9 in Table 5.4, U = SD.76 + J0,93H - l;.69TI (n in $1,000), 

It was discovered in the initial optimization calculations that for the acre

age levels actually observed for Grower 9 (Table 5.1), his m::pected. profit 

implied a degree of risk aversion such that his optir.:i.al choice was always 

that of a profit maximizer as indicated in Table 6 .1. Since it was of 

interest to see how his portfolio rnix mifjht vary under u10re risk averse cir

cumstances, his acreages were increaseJ to 1,210 acres of tonatoes and l,9L,O 

acres of corn, wheat, and beans. This places him at approximately the 
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$250,000 point (in terms of equivalent pre-ta.'{ annual returns) on his utility 

function, still in the positively sloped portion. Inspection of Fi8ure 5.1 

and the placement of the higher,. observations suggests this r:iay reasonably 

approximate th~ grower's risk aversion in this profit range. 

To represent the cooperative attitude touard risk, we selected the 

utility functions estiraated for the cooperative executive. Solutions were 

2
obtained for both the quadratic utility function (U = 59.3 + 3.llf - .06H ) 

and the exponential forn (U = 120 - 59 exp[-, OM+M]), l·:here M is expressed in 

millions of dollars. Portfolio solutions were examined for 75,800 tons of 

paste sold, as in Figure 6.2. Solutions for substantially lower levels 

(e.g., lf5,Lf80 tons) t·.rere associated with louer levels of risk aversion and 

resulted in essentially the profit rnaxinizing solution for both tyIJes of 

utility functions. In the case of the exponential utility function tliis 

condition prevailed even at the bigher level of quantity and net revenue; 

that is, the coo1Jerative executive always selected the sincle contr.actine 

option which gave highest profit for t~iven paraneters, rather than some mix 

of contracts. This uas surprisin;;; since the qundratic function (which did 

produce a portfolio mix) and the exponential function appear similar when 

• T •graphed. Houevcr, comparison of the alisolutc aversion coefficientsrisJ.'~ 

at 75,800 tons ($21 L•illion net ;.w.q:;in) slimrn a coefficient of about ,21 

for the quadratic function conpared to only •OLfL: for the e~:ponenti.al. 

In order to evalu2.te the behavior of offer curves for cxponentia.l 

utility under more risk averse con<litions, we constructed a hypothetical 

function 'i-lith an arbitrarily selected value of A. = .45. This function gave 

portfolio solutions sinilar in their relation to contract nrice parameters 

to the findinss obtained with the quadratic function in its lli~;her range of 

risk aversion. In the analysis to follow we shall present only the qua

dratic utility function results. 
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It 1;,as noted earlier that we were unable to obtain interviews with 

representatives of the reprocessing firm (distributor) which contracted with 

the cooperatlve for tomato paste. In order to complete our systeu, we have 

specified a hypothetical distributor utility function which enables us to 

detern.ine an illustrative equilibriura solution. This function, U = 

'J 
HI - .OlSH~ (Hin millions of dollars), was designeq to cover a somewhat 

wider dollar range than the cooperative utilities in order to reflect the 

larger volume of many corporate distributors. The function is also less 

risk averse than the coo[lerative executive's utility, under th-3 assumption 

that farmer -cooperatives may be Tiore security conscious than their corporate 

counterparts. The distributor function reaches a T'l.axiuur:: at $33.33 million 

compared to the $25.3 million of the cooperative executive. The former has 

a coefficient of absolute risk aversion of •OLf8 at the $12. 5 million point, 

and the latter a coefficient of .075 at this point. 

Equivalent Annual Rates of Present Value Profit Smns 

The utility functions developed in the previous section are expressed 

in terms of annual profit rates whereas the e:~pected profit for con::ractinz 

decisions is a ten-year discounted sum of profits. For computational pur

poses it is necessary either to convert the discounted sun of profits to an 

equivalent annual rate or to convert utility functions to reflect present 

value sums. We shall follow the former nrocedure. 

Let E(rrT) be the ten-year discounted sum of expected annual profi.ts, 

E(rrt) the profits expected to be earned in year t, and rry a constant expected 

annual rate of profit. TI is defined in relation to the variable expectedy 

series E(rrt) by 

10 E(rr ) 10 TT 
l: t lE(TTT) = = ;: 

i=l (1+i) t i=l (l+i)t 
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Thus, 

10 l 
where h = L: 

i=l (l+i) t • 

For i = .02, h = 8.98, and the present value sums of expected profit over 

the ten-year planning period are converted to annual equivalents by dividing 

by 8.98. It also follows that constant annual profit variance rr is defined 
z 

by 

2 T [var (Tit)J 2
TI = var(TIT)/h = I 2t h , 

z t=l (l+i) 

so that present value sums of profit variances are converted to an annual 

2
rate by dividing by (8.98) = 80.6404. 

Relation of Portfolio Shares to Contract Parameters 

With the individual utility functions specified as above, we may solve 

readily for the particular sales portfolio that maximizes expected utility 

for any given set of contract specifications. Our objective now is to show 

how these portfolio shares vary in relation to the contract parameter 

values, k, 1, m and n. 

The problem may be solved mathematically by reference to the first 

order conditions for maximizing the expected utility functions 6.3, 6.4 and 

6.5. The partial derivatives of these functions with respect to the port

folio proportions provide a set of equations that are linear in terms of 

the portfolio proportions and quadratic in terms of the contract parameters 

(see Appendix B). These equations may be solved for the optimal portfolio 

shares, with the solutions depending on the values assigned to the contract 

parameters. Since portfolio shares are contained between zero and one (or 

zero and .25 for the grower and for cooperative purchases), both boundary 

and interior solutions are required. For the grower's three sales options 

there are seven types of solutions: 
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(1) 0 < sl, s2, s3 < .25 	 (5) sl = .25, s2, s3 = 0 

(2) = o, 0 < s2, s3 < .25 (6) = .25, = 0sl 	 s2 sl' s3 

(3) 	 s2 = o, 0 < sl, s3 < .25 (7) s3 = .25, sl, s2 = o. 

(4) 	 $3 = o, 0 < sl, s2 < .25 

A similar set of solutions is required for the distributor's three 

options but with the S's replaced by W's and .25 replaced by 1.0. The 

cooperative processor solution set is more complex because of the existence 

of interdependent sales and purchase alternatives. For each type of coop

erative sales solution there are seven possible types of purchase solutions, 

givins a total of 49 variations. Exa~ination of the empirical solutions (to 

be discussed shortly) suggested, however, that the range of parameter values 

for which there is interdependence is fairly narrow. Thus, the processor 

purchase and sales portfolio decisions may be treated as independent over 

much of the range of parameter variation with relatively little loss in 

optimizing accuracy. With this simplification the cooperative purchase and 

sales solution requirements are similar in format to the grower model. 

The boundary and interior solutions which express optimal grower sales 

options as functions of the contract price parameters k and i are developed 

in Appendix B. Most of the solution equations are quite complex. For ex

ample, the interior solutions involving a mix of all three options have 

fourth degree polynomial terms in both numerator and denominator. Such 

functions are very difficult to portray individually and the set of func

tions is virtually impossible to solve for the equilibrium values of param

eters under which exchange occurs. 

To cope with these difficulties we developed simplified mathematical 

approximations of each of the solution equations. This was accomplished by 

varying the values of k, R., m, and n and obtaining quadratic programming 
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solutions of portfolio shares for each set of parameter values [Cutler and 

Pass]. The observations generated by this process were then used to obtain 

linear approximations of the boun0ary and interior solution equations. 

Optimal portfolio solutions using the quadratic utility functions 

described earlier in this section are given in Tables 6.1, 6.2, and 6.3. 

Linear approximations to the several solution equations, based on ordinary 

least squares fits to the data subsets, are given in Tables 6.li, 6.5, and 

6.6. 	 Although the standard errors of these equations have no direct 

2
statistical interpretation, the high R values for most equations suegest 

that the linear equations provide reasonably good approximations of the 

more complex functions developed in Appendix B for the range of observa

tions. Note that although seven types of border solutions are involved 

for the three-option case, only four equation approximations are required. 

The solution specifications for the three cases where a particular option 

is employed 100 percent (e.g., sl = .25 or s2 = .25 or s3 = .25) may be 

derived from the partial border solutions where one option is zero and the 

other two greater than zero are less than the maximum value. 

Because of the very narrow range of parameter values which yield in

terior solutions for the cooperative purchase portfolio, it turned out that 

the quadratic programmine solutions did not provide all the observations 

needed to generate the complete set of cooperative solution equations. 

Solution equations for R and R with R = O, and for R and R with
1 3 2 1 2 

R = O, are given in Part 2 of Table 6.5. Only two observations were ob

tained for R = 0 and R and R not zero, and only one set of assigned
1 2 3 

parameter values (observation 26) resulted in a mix of all three purchase 

options. In the final equilibrium exchange solutions, the optimal purchase 

proportions will be evaluated by interpolation from the data set rather 

than direct equation solutions. Part 3 of Table 6.5 gives an indication 

3 
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TABLE 6.1 

Observations on Grower's Contract Portfolio 
Offer Curves for Sale of Tomatoes, 

Nonmember Options Onl~/ 

Sales contract parameters Sales contract options 

Cost Sales-
Solu plus minus Market Cost Sales-
tion markup markdown price plus minus 
number (k) (R.) (Sl) (S2) (S3) 

(proportions of portfolio) 

1 1. 400 .400 0 .188 • 062 
2 1.400 .350 0 .250 0 
3 1. 375 • 350 . 042 .208 0 
4 1. 350 .400 0 .077 .173 
5 1.350 .383 .109 .141 0 

6 1.350 .375 .109 .141 0 
7 1. 350 .350 .109 .141 0 
8 1. 325 .400 0 . 042 .207 
9 1.325 . 383 .134 . 063 .052 

10 1. 325 .380 .158 .086 .006 

11 1.325 .375 .160 .090 0 
12 1.300 .400 0 .020 .230 
13 1.300 .383 .140 .008 .101 
14 1. 300 .375 .197 .053 0 
15 1.300 .350 .197 .053 0 

16 1. 275 .400 .009 .004 .236 
17 1. 275 .383 .140 0 .no 
18 1. 275 . 375 .199 . 004 .046 
19 1.275 . 350 .222 .028 0 

~/ Total tomato acreage contracted is 1 1 210 acres. Of this 75 percent 
or 908 acres are sold on a membership basis. Utility is U = 50.76 

2+ 3.098M - .0469M (Grower #9). 



TABLE 6,2 

Oh!<lt!'tvnt lrtn!I on Coop•r•t Ive Contrai;:t Portfcillo OUer CuTvt:ei for Tomo111to 
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par•••r.lll!'r• 

Sal•• cantr-act 
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1.•o 
1.40 
1. •o 

• 2419 
.2so 
• 2S2 
•21• 

.2U 
.2•8 
.2!0 
.lS4 

l.ll!lO 
1. ]500 
I. J!OO 
I. J 500 

1.noo 
1.1500 
l. l!OO 
1. noo 

• JllOO 
• )800 
,]800 
.noo 

.1800 
, J800 
, ]800 
.noo 

.OS6 
0 
0 
0 

.1!1 
,151 

0 
0 

.t•l 

.874 
• 7'-J 
.601 

.8'J 

.8'1 

.794 

.488 

0 
.126 
.151 
.J9l 

0 
0 

.206 
• SU 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

.210 

.250 

.2!0 

.2so 

.210 

.2so 

.110 
• 210 

9 
10 
11 
12 
IJ 

1.3' 
I. J9 
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0 
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0 
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0 
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0 
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0 
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0 

.16' 
D 
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0 
a 

• 250 
.lSO 

0 
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con•tant, 
k, l 
vary 1n1 

)8 

19 
•o 
H 

42 
•l.. 
4S 

I.JI 
1.l8 
l.l7 
l.11 

1. JI 
1.)9 
1. JI 
I. J8 

.250 

.lU 

.no 

.141 

.lSO 

.2so 
, 2SO 
• lSO 

l. lJSO 
l. JJSO 
J, JJSO 
l. llSO 

I. JSIO 
1. JS60 
1.ll70 
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0 
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a 
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2!1 Total HlH •n 15.800 lOft!I 12 percent pHte. UtUlty h 59,8 + l. U• - .06M • 
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TABLE 6.3 

Observations on Distributor Contract Portfolio 
a/Offer Curves for Tomato Paste Purchases-

Purchase contract Purchase contract 
parameters proportions 

Cost- Sales-
Solu plus minus Market Cost- Sales-
tion markup markdown price plus minus 
number (m) (n) (Wl) (W2) (W3) 

1 1.3800 . 255 .185 0 .815 
2 1. 3800 .256 .467 0 .533 
3 1. 3800 .257 • 740 .002 .258 
4 1.3800 • 258 .884 .116 0 

5 1.3700 .255 .071 .234 .695 
6 1. 3700 • 256 .261 .395 •344 
7 1.3700 .257 .446 .526 .028 
8 1.3700 .258 .463 .537 0 

9 1.3675 .255 .007 .364 .629 

10 1.3600 .254 0 .420 .580 
11 1.3600 .255 0 .642 .358 
12 1. 3600 .256 .018 .831 .151 
13 1. 3600 .257 .115 .885 0 

14 1. 3500 •254 0 .756 .244 
15 1.3500 .255 0 • 931 .069 

!}_/ Total purchases are 75,800 tons of 32 percent paste. Utility is 

U = 1M - .015~ (~n millions of dollars). 



TABLE 6.4 


OLS Approximations of Grower Offer Curvea!-1 


Dependent Constant Number of Boundary lines 
R2variable term k 1 observations for k and 1 

(1) Interior solution 
co < s1 , s2 , sJ < .25) 

s1 

s2 

3.5167 

-2.3644 

-.3087 
(.0147) 

1.7706 
(.3616) 

-7.7811 
(.5263) 

.2576 
(1.2980) 

,)!.! 

r):.I 

.987 

.894 

• r· 11.3920 - 25.20601 

k - 1. 3354 - .14551 

(2) s
1 

,. o, o < s
2

, s
3 

[(2)-(a) Appendix B] 

< .25 

SJ 

s2 

-.9023 

-1. 2565 

..1,4619 

1.4778 
(. 2196) 

7.5235 

-1.6070 
(.5557) 

&£! .973 

k • -.6172 + S.14641{k. 11.3920 - 25.2606£ 
k - .8503 + 1.0874' 

(3) 

(4) 

s
2 

= o, o < s1, s
3 

[(2)-(b) Appendix B] 

s 
3 

.. o, o < s
1

, 5
2 

{(2)-(c) Appendix 8] 

< 

< 

.25 

.25 

s3 

s1 

SJ 

sl 

1.5065 

3.0560 

-2.8060 

2.5204 

-1.4778 

-1. 7920 
(.1915) 

+1.6070 

-7.6166 
(.0797) 

+7.6166 

#I 

¢/ 

.999 

.967 

k • 1.0194 + 1.08741 
"r·,i < .4012 

k • 1.3354 - .14551 

{f .2670 ' k ' 1.4065 
k • -.6172 + 5.14641 

..... ..... 
N 

s2 -2.2704 1.7920 k • 1.0194 + 1.08741 

(5) s1 = .25, s2• ,. 0 {k.::. 1.267 

1.::. .368 

(6) s
2 

= .25, 51' E 0 {k > 1.406 
k - 1.0194 + 1.08741 

(7) s
3 

= .25, 5
1

, 5
2 

= o {k  ,8503 + 1.0874' 

JI.~ .4012 

!_I In the above standard errors (in parentheses) have no statistical significance. They are cited only to give some indication of goodness of fit. 


}!./ Observations 5, 9, 10, 13, 16, 18 in Table 6.1. 


£/ Observations 1, 2, 4, 8, 12, 16 in Table 6.1, 


!!I Observations 16, 17, 18 in Table 6.1. 


!!:,.I Obsetvations 3, 5, 11, 15, 19 in Table 6.1. 




TABLE 6.5 

OLS Approximations of Processor Offer Curves!}./ 

1. Sales side 

Dependent Constant Number of Boundary lines 
variable term m n observations for m and n 

(1) Interior solutions 
co < v1, v2, v3 < 1) 

k = 1.35, i = .38 vl 

v2 

26.5474 

-12.4668 

-8.9486 
(.2775) 

19.0460 
(.3893) 

-55.7513 
(1. 2786) 

-53.6908 
(1. 7937) 

.998 

.996 

12~_/ 

12-~_/ 

r_2.9667 
- 6.2302n 

m = +.6546 + 2.819n 

v3 -13.0806 -10.0974 109. 4421 m = -1.292 + 10.8246n 

(2) 

(3) 

v1 

v2 

= o, 
k 

O, 

k 

o < v
2

, v
3 < 1 

= 1.35, i = .38 

0 < v1 , v3 < 1 

= 1.35, t = .38 

v2 

v3 

vl 

v3 

2. 7517 

-1. 7517 

17. 7145 

-16. 7145 

11.6488 
(1.0116) 

-11.6488 

-73.1395 
(4.2005) 

73.1395 

-69.3000 
(4.3148) 

69.3000 

.995 

.992 

fi:-1 

4il 

{:" = 2.8005 - S.S843n 
m = -.1504 + 6.2787n 
m = -.2362 + 6.2787n 

{2416 < n < • 2556 

m = .5832 + 3.108ln 

1--' 
1--' 
w 

(4) v3 O, 

k 

0 < v1 , v2 < 1 

= 1.35, i c .38 
vl 

v2 

18.1502 

-17.1502 

-12.8462 
(. 4160) 

12.8462 

.996 f!=-1 {1.3350 ' • ' 1.4130 

m: -l.27J9 + 10.7J55n 

(5) v1 = 1, v2, v3 m 0 {m < 

n ~ 

l.3J5 

.2416 

(6) v2 1, v
1

, v
3 

= o {m > 1.4130 
m = -.1504 + 6.2787n 

(7) VJ a 1, v2 , VJ = 0 {m := -.2J62 + 6. 2787n 

n ~ .2556 

(Table 6.5 continued) 



Table 6.5 continued 

(a) R ~ 
3 

O, 0 < Rl, Rz 
m a 1.38, n • 

(b) R = 2 
o, 0 < R

1
, R

3 
m = 1.38, n .. 

< .25 

.25 

< .25 

.25 

Dependent 
variable 

~ 

R2 

Rl 

R3 

Constant 
term 

-177.4560 

177. 7060 

-29.4023 

29.6523 

2. Purchase side 

k R. 

132.8530 
(2.5737) 

-132.8530 

74.0554 
(15.4845) 

-74.0554 

R2 

.999 

.958 

Number of 
observations 

,,fl 

Jt..I 

Boundary lines 
form and n 

Dependent 
variable 

Constant 
term 

3. Interact ion 

m n 
Nwnber of 
observations 

' 
Boundary lines 
for 111 and n 

....a .::_ v1 , v2, v3 .;:. 1 ....• 
0 < R1, R2, R3 :5;_ .25 Rl 18.2093 4.9500 -100.2500 .992 

(1. 8500) (9.2499)1.3350.;:. k :5.. 1.3363 


.3975.::. R. ~ .4000 -13. 2180 -6. 8000 91.0000 .891 4~/
R2 
(6.8000) (34.0000) 

f!/ The standard errors (in parentheses) have no statistical significance. They are cited only to give an indication of the goodness of fit. 

E.f Observations 10, 11, 12, 15, 16, 17, 18, 20, 21, 22, 23, 24 in Table 6.2. 

E:f Observations 2, 3, 4, 7, B, 13 in Table 6.2. 

~/ Observations 22, 23, 24, 25 in Table 6.2. 

~/ Observations 1, 5, 6, 9, 14, 19 in Table 6.2. 

!} Observations 34, 48, 49 in Table 6.2. 

y,_/ Observations 41, 44, 46 in Table 6.2. 

E.,I Observations 26, 27, 36, 41 in Table 6.2. 



TABLE 6.6 


OLS Approximations of Distributor Off er Curve~/ 


Dependent Constant 	 Number of Boundary lines 
R2variable term m n 	 observations for m and n 

(1) 

(2) 

Interior solution 
(O < w

1
, w

2
, w

3 
< 

w
1 

- o, 

1) 
wl 

w2 

w3 

w2 

w3 

wl 

-83.2702 

31.5080 

52.7622 

-4.4028 

5.4026 

-70.5760 

25.9340 
(1.0826) 

-49.9991 
(6.6380) 

24.0651 

-32.5510 
(1.4713) 

32.5510 

187.5000 
(1.4134) 

145.9990 
(8.6664) 

-333. 4990 

193.2960 
(20.1472) 

-193.2960 

277.5000 
(2.6033) 

.999 

.997 

.996 

.999 

#I 

#I 

#_/ 

#I 

r· 3.2109 - 7.2299n 

m m .6302 + 2.9200n 

m • -2.1925 + 13.858ln r· '·"" - 7.2299n 
m • -.1574 + 6.0263n 
mm -.1660 + 5.9383n 

{.2543 < n < .2580 

w3 71. 5760 -277.5000 m • .6302 + 2.9200n 

wl 

w2 

-52.1892 

53.1892 

38.4500 
(2 .1073) 

-38.4500 

.997 F-1 
{1.357 '.' '·''' 
m • -2.1925 + 13.858ln 

I-' 
I-' 
'-" 

{m ~ 1.3830 
n > .258 

{,m < 1. 3570 
m • -.1660 + 5.9383n 

{m • -.1574 + 6.0263n 

n < .2543 

!!1 	 In the above the standard errors (in parentheses) have no statistical significance. They are cited only to give some indication of goodness of 
fit. 

~_/ 	 Observations 5, 6, 7, 9, 12 in Table 6.3. 

E.! 	 Observations 4, 8, 13 in Table 6.3. 

~/ 	 Observations 1, 2, 3 in Table 6.3. 

!!_/ 	 Observations 9, 10, 11, 14, 15 in Table 6.3. 
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of the effect of changes in sales contract parameters on purchase port

folios. Note that the equations are applicable only over very narrow 

ranges of k and t. 

The equations presented in Tables 6.4, 6.5, and 6.6 are referred to as 

"offer curves." They show how the quantities (proportions) offered for sale 

or purchase by each contract method vary in relation to the contract price 

parameters. In this sense they have attributes of supply and demand curves. 

Quantities offered for sale by the processor by cost-plus contract, for 

example, increase with increases in the cost-plus parameter m and decrease 

with increases in the sales-minus parameter n. Sales at market price de

crease with increases of both m and n. In this model the market price 

expectation remains constant, but if it were to increase it would lead to 

increases in sales by that method. 

In the case of sales by the grower, the positive sign for the coeffi

cient of i in the interior solution equation for s2 (set (1) Table 6.4) was 

unexpectetl. It is explained by the fact that grower variable costs and 

a o acooperative market paste revenue (VCF ' and MV t) are slightly negativelytom ps 

correlated and negative correlation can induce complementarity of contract 

options if risk aversion is strong enough. 

On the demand side all coefficients have the signs that would be ex

pected _<!. priori. For example, the optimal quantity of cost-plus contracts 

for the distributor decreases with increases in the cost-plus parameter m 

and increases with increases in n. 

By setting the portfolio shares at zero or one (or .25 for grower sales 

or cooperative purchases) in the various offer curves we obtain equations 

which approximate+y define the borders of the regions in contract parameter 
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space where each optim:. is used e::clusively, not at all, or in sone ni~~ 

with other options. These calculated border equations are given in the 

right hand sick of Tables 6. l;, G. 5 and 6. (, ancl are zrap~1c,T j_a Pi~_;urcs 6. lr., 

6.5 and 6.6 for the grouer sales alternatives, the cooperative sales alter

natives. nnd the distributor ;_Jurchase alternatives. Because of the approxi

mate nature of the various of:fer curve solutions, these calculated border 

lines (the solicl lines in Figures f.. l;, 6, 5, 6. 6) do not divide the param

eter space unamhisuously, That is, there are areas near the corners where 

the type of solution mix is not clearly defined. The dashecl lines represent 

snall arbitrary adjustnents in selected borderlines (but consistent with 

the basic data set) which remove the aNbiguitics in the paraneter space. 

If the observations in Tables fi.l, 6.2, and 6.3 uere plotted on these <lL'l

grams, most would fall in the proper reE;ion in price paraneter space and the 

few that <lo not would be close to the edge of the appropriate area. This 

suggests that linear fits to the offer curve sets perforn reasonably uell 

as approximations to these functions. 

A comparison of the utility r;iaxinization outcomes of Fi13ures 6.4, 6.5 

and 6,6 with the profit maximization outcomes of Fi!1ures G.l, 6.2, and 6.3 

brings out the impact of increased risk avC!.rsion and reveals that the ex

change problem has been significantly transformed. Under profit maxiniza

tion the price parameter space is divided into regions in 't-:hich each sales 

or purchase option is usecl exclusively, ancl cost-plus or sales-minus con

tracting occurs only at parameter values such that traders are indifferent 

between these contracts and the nark.et price option, Under utility maximi

zation there are regions in the pararleter space where a mix of sales options 

is preferred by all participants. Furtherncre, cost-plus or sales-minus 

contracts may appear within an optimal solution mix for values of m and n 

or k and .Q, for which the narl:et price option gives the hif,hest expected 
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I' FIGURE 6.4 

Regions of Optimal Contract Portfolios 
for the Grower Sales Alternatlves 
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FIGURE 6.5 

Regions of Optimal Contract Portfolios 
for the Cooperative Sales Alternatives 

(1.335..:. k..:. 1.35, .38..:. £..:. .400) 
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; FIGURE 6.6 

Regions of Optimal Contract Portfolios 
for the Distributor Sales Alternatives 
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profit. As the degree of risk aversion increases so do the regions within 

which a mix, rather than a single option, is optimal. 

Contract Equilibrium 

While the set of offer curves given in Tables 6.4, 6.5 and 6.6 predict 

the optimal portfolio shares for each participant for any given set of 

contract parameters (given specific utility funct:f.ons and cost and price 

expectations and variances), trade occurs only for parameter values which 

equate sales quantities desired by both buyer and seller. As was noted 

earlier, the equilibrium solution requires simultaneous determination of 

the values of rn, n, k and 1 since optimal cooperative sales and purchase 

portfolios are interdependent. A complete specification of offer curves 

to cover all interior and bordered solutions for the cooperative would 

require consideration of 49 possible solution sets (see previous discussion 

pertaining to Appendix B). To simplify the equilibrium solutions we first 

solve separately for the values of m and n which equilibrate the coopera

tive and distributor sales and purchase portfolios, with k and R, set at 

1.35 and .38. We then solve approximately for values of k and R, which 

equilibrate the cooperative purchase and grower sales portfolios without 

considering the values of m and n. Finally, we examine these solutions for 

their consistency with each other and note the nature of the very small 

adjustments required to obtain final consistency. 

The cooperative and distributor equilibrium solutions were obtained 

by setting wl = vl, w2 = v2 and w3 = v3 and solving the equation pairs from 

1/Table 6.5 and 6.6 for rn and n.- It turned out that the interior offer 

W = 1 - W - W and V = 1 - vl - v2; hence, these values are obtained3 1 2 3 
residually. 



122 


curves involving a mix of all three contract types (equation sets 1 in 

Table 6.5 and 6.6) gave a solution with no negative proportions. The 

optimal portfolio shares ar,e w = .068, H2 = .018, and w = 1 = v1 = v2 3 

v = .914,•with m = 1.37311 and n = .25455.
3 

Since the offer curves for the cooperative processor sales were ap

proximated with k at 1.35 and £. at .38, we began the search for the opti

mal cooperative-grower exchange proportions by examining the optimal choice 

for each participant for these parameter values. As indicated in Table 

6.2, where k = 1.35 and i = .38 the cooperative would prefer to purchase 

all tomatoes by sales-minus contract (i.e., R = .25). At these values,
3 

however, the representative grower prefers a mix of market price and cost-

plus sales (see Table 6.1). 

To obtain a solution we initially ignored the possible effect of 

changed values of k and ~ on the optimal processor portfolio of tomato 

paste sales contracts. This en;:i.bled us to proceed similarly to the pro

cessor-distributor equilibrium solution, solving for the values of k and i 

which result in R = s1 , R = s and R = s • The solution is more diffi1 2 2 3 3

cult to obtain in this case, however, because of the very narrow range of 

contract parameter values which give cooperative purchase solutions in

volving a mix of all three options. As a result, the data generated by 

the quadratic progral'JlTling solutions did not permit us to estimate the 

interior offer curves for cooperative purchases •.!/ However, an examination 

of the cooperative purchase offer curves and the grower offer curves for 

the case where the sales-minus option is zero (R = s = 0) suggested that
3 3 

1/ As indicated earlier, after the narrowness of the solution range was 
noted, it would have been possible to have generated solutions for addi
tional contract parameter values within this range. At that point, 
however, the additional information did not appear to justify the added 
research cost. 
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these equations might yield solutions in the positive range. Equating 

equation (4) in Table 6.4 with (2a) in Table 6.5 yields k = 1.3367 and 

s = R1 = .125 and s = R2 = .125. The border value of t consistent with1 2 

this solution for the grower is obtained by substituting k = 1.3367 and 

s = 0 into equation set (1) in Table 6.4, giving a value of t = .38. As
3 

noted above, we did not estir:iate an interior offer curve for the coopera

tive so we cannot verify precisely that k = 1.3367 and t = .38 is consis

tent with ~ = O, R = .125 and R = .125; but inspection of the data in1 2 

Table 6.2 suggests this likely would hold at least approxir.iately. 

Since the initial solutions for m and n were determined for k = 1.35, 

i = .38 and the separate solutions for equilibrium grower sales and coop

erative purchases yielded k = 1.3367 and i = .38, some further reconcilia

tion is needed. Inspection of the data in Table 6.2 suggests that reducing 

k from 1.35 to 1.3367 would have only a small impact on the optimal choice 

of vl' v2, and v3. The portfolio solutions obtained above thus may be taken 

as reasonably close approximation. Had programming solutions been generated 

for a more extensive set of contract parameter values it would have been 

possible to increase the precision of the exchange solution. However, we 

are concerned here more with the general nature of the solutions, rather 

than specific values, so the added cost of generating the necessary addi

tional observations is not justified by the gain in precision. 

The appro2~imate portfolio share solutions obtained above may be con

verted to a tonnage basis as follows. Since 75,800 tons of paste are sold 

by the cooperative to the distributor, one may conclude that: 6.9 percent 

or 5,302 tons of paste are sold under market price contract, 1.0 percent 

or 758 tons under cost-plus contract, and 92.l percent or 69,312 tons under 

sales-minus contract. 
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Sil!lilarly, if one assur.ies that (a) a total of 4,715 acres of tomatoes 

(25 percent of total expected acreage req_uireF1cnt of lS ,360 acres) are con

tracted by the cooperative ')'ith r;rowers on a nonueriber basis, and (b) the 

portfolio pi."oportions of the grower uncler investi?;ation are typical (form 

a weighted average) of tne portfolio proportions of all other zrowers 

sellin~ to the cooperative on a nomnember basis, then one raay conclude that: 

12.5 percent or 2,358 acres are contracted to the cooperative on a market 

price basis, 12.5 percent or 2,353 acres on a cost-plus basis, and no 

acres on a sales-minus basis. This solution is, of course, applicable only 

to the particular conditions specified in the model and is applicable only 

uncler the assumption of competitive bargaining behavior. 

A significant characteristic of the interior solutions is their sensi

tivity to small variations in values of the contract price parameters and 

the rf!.ther narrow range of parameter space which yields a mixed portfolio. 

This sum,~ests a basis for sane r;eneralizations which will be discussed in 

the final section of the report. 

Thin Hark.et Solutions 

It was noted in the first section of the report that a factor con

tributinE to interest in long-term contracts is absence of a reliable 

process for generating a "market price." This may occur where a market is 

dominated by one or a very few firms or where there are many private con

tracts such that a "public" price is not well deten1ined. This is sometimes 

referred to as a "thin market" problem. 

The contract portfolio model provides an approach to analyzing exchange 

under such thin market situations. We sinply delete sales at market price 

as an alternative in the portfolio. To illustrate, the appropriate offer 

curve set for the cooperative-distributor exchange solution without market 
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price sales consists of equation (2) in Table Ci.5 and (2) in Table 6.6. 

The offer curves for cost-plus sales contracts are 

v = 2.7517 + 11.G438m - 73.1395n2 


V = -4.4026 - 32.5510m + 19J.2960n
2 

where V = w = 0. Offer curves for sa.les-uinus contracts are deten1incd
1 1 

by v = 1 - v2 and w = 1 - w •3 3 2

As in the nodel involving tt.:1.rket price sales or purchase alternatives, 

a solution is obtained by equating v to w and v to w • In this case,2 2 3 3 

however, there is no unique solution. Any values of m and n satisfyin:::; 

the equation obtained from v2 - w2 = o, i.e., 

7.1543 + 44.1998m - 266.4355n = a, 

will yield an equilibrium solution, althour,h the proportions traded by each 

contract form vary with the parameter values. For example, if n = .255 and 

m = 1.3753, v = h'z = .121 and v = u = .879. Decreases inn (and corre2 3 3 

spondingly in m) are associated with increases in the proportions of trade 

under cost-plus (given this particular set of model specifications). If n 

is set at .25 and n at 1.31•51 the share under cost-plus increases to .130. 

The value of v ancl w is reduced to zero if n > .295.2 2 

~Tote that when the sales at l'tarket price alternative is eliminated the 

solution i1roportions are much less sensitive to variations in parnneter 

values. The final quantities traded under each nonmarket contract formula 

and the correspondinc parameter values will be determined by relative 

bargaining strength of the buyer n.nd seller and the reservation floors or 

ceilines beyond which trade will not occur at all. 
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VII. SL1.ll!ARY AND CONCLUSIONS 

The study reported here was initiated as a result of concerns expressed 

I'
by cooperative executives and others about best procedures and potential 

benefits associated with lonE-term product sales contracts. Our objectives 

were to define the diRensions of the contracting ;:iroblem, to develop a con

ceptual framework for analysis, to illustrate the application of the analyt

ical approach within a limited empirical structure, aucl from this to reach 

some general conclusions about long-term contracting strategies. 

The empirical analysis }1as focused on the operations of a cooperative 

fruit and vegetable processor concerned with long-teru contract arrangeraents 

for the sale of tomato paste to a major reprocessor-distributor. The coop

erative also purchases a limited amount of raw tor:iatoes from nonmeHber 

crowers and is ;:iresumed to be concerned about alternative purchase arranr,e

ments for such touatoes. 

Smrrraary of Research Procedures 

The first step in the analysis \JaS to identify a set of alternative 

pricinr, formulae which have Leen used or r>ight be considered for use in 

long-ten1 rnarl~ctinr; contracts. Sonc advanta[cs and disadvanta~~cs of each 

were outlined in Table l.1. For purposes of tltc empirical analysis we 

limited consideration to three alternatives: cost-plus contracts, sales-

r.rinus contracts, or narLP.t price. 

In e:xamininr; the contractins; choices open to the firr.i., ue noted that 

the contractor need not he linited to a single alternative; rather, he nay 

consider dividin~ his sales anonr; a set of different types of contracts or 

sales r.iethods. The problen then may be treated within the frmacwork of 

portfolio analysis. 
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The portfolio mo<lcl expresses expected income (or total profit or net 

marein) as a function of: shares allocated to each sales or purchase option; 

total quantity produced anC:: sold; contract price parameter values; awl 

expected values of rnarl:et price, cost a..-i.d yield variables. The variance of 

profit is also expressed as a. function of these variables. For given price, 

cost and yiel<l values, efficient portfolios are. defined alone "efficiency 

frontiers" or .E-V curves which give the lowest variance for any level of 

expected profit. It may often turn out that a mix of sales or purchase 

methods is more efficie.nt than any single option. 

The optir,ial c~1oice among efficient portfolios is determined by the 

contractor's attitude toward risk, as iacasureJ by his utility function for 

money. A solution may be obtained at the point of tangency of the E-V 

curve and the contractor's income-risk indifference curves. A more direct 

procedure is to express expected utility as a function of expected profit 

and variance of profit. Portfolio solutions which maximize expected utility 

may be obtained for a range of contract price parameter values. Expressions 

which relate the portfolio shares to these parameter values are referred to 

as "offer curves. 11 They provide a means of identifyine the regions in 

the price parameter space where particular contract options are used ex

clusively, in some mix with other options, or not at all. The offer curves 

may also be solved simultaneously to deternine the conditions of contract 

equilibrium between buyers and sellers. 

Expected values of market price, cost and yiel<l variables were estir:1ated 

from both secondary data and data supplieU. by the cooperative, and were pro

jected forward, based on trend estimates, to compute discounted expected 

value sums over a ten-year contract life. Variances and covariances of these 

variables were estimated from historical series and subjective estimates of 
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probability distributions from interviews with contracting participants. 

They were combined to obtain estinates of profit variances. 

Quadratic programming "'las used to estimate E-V frontiers for the repre

sentative g~m1er, the cooperative and the distributor for selected values 

of the contract pricing parameters and other specifications. These frontiers 

identify efficient contract choices under the conditions specified and provide 

considerable information and insip,ht as to the trade-off between degree of 

risk and expected profit. The findings also are independent of any knowledr;e 

of attitudes toward risk and so remain valid (given the validity of our data) 

regardless of our success in measuring and applying individual utility 

functions. 

Since optimal solutions cannot he identified without sane knouledr;e of 

attitudes toward risk (except for special shapes of E-V curves), ue next set 

out to estir.1ate utility functions for money for a representative set of 

grotrers and for representative::i of the cooperative. He ue.re unable to obtain 

the cooperation of the clistriLutor, so a synthetic function was cfoveloped for 

illustrative purposes. Response data for estimating the utility functions 

were generated through personal intervieus using a standard reference con

tract approach. The intcrvicu results suc;r.;ested variaLle decrees of rink 

averse and profit T'laxhlizint; behavior and :>rovided a basis for e1:ipirical 

estir:i..a.tion. 

In fittinp, snootll functions to the individual uti1ity observations ue 

were constrained by the requirenent that the equation forn 'ue tractable for 

further analysis. Ttm forns were evaluated: quadratic am1 negative expo

nential. Zoth pernit optini~!in3 solutions usins quadratic !'ro1,raT11T:1ing-

the forrrier directly and the latter indirectly. The quadratic function has 

been critici~ed for its declinL1c; risk aversion with increasetl money. The 

exponential function e:;dlibits constant absolute risk, lmt is not necessarily 
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a better fit to the data. Althoug11 such theoretical properties rm:y be of 

substantial concern for some purposes, we concluded that they were not of 

major si13nificance in this analysis. Uhat matters nost for offer curve. 

shape is the ratio of linear to quadratic components in the function enployed 

to ma::dmize expected utility within the linitecl ran['.e of expected profit 

levels appropriate to the probler1. The positively slop<Jtl qmuln1tic functions 

over the observed ranee uere at least as satisfactory as the exiJonential 

functions under these restricted couJ.itim~s :mcl intcrpret::ttion and so ~:ere 

used in the remainder of t:lC analy1ds. 

As a base for cvuluating utility rn.:rninizing solutions (ar..d because of 

direct interest as ucll) we extended the expected profit equations so as to 

define the rei;ions in the contract price parar.1eter s~)ace \;:here each sales or 

purchase option r;ives nmd;nun expected profit for each participm1t (grouer, 

cooperative, distributor). These solutions (graphed in Fi[~ures 6.1, G.2, 

and G.3) show the best contract solutions :!:or risk-u.eutral contractors, 

assumin::i; the other party is .:ir,recnblc to the terns. If all nre ri.sl: neutral 

and have the sar.1e perceptions of expected prices and costs, contractinr; will 

occur only at contract price p.'.lrameter values which yir~lt1 expected nrofit 

equivalent to ex;)ected narket prices. 

He next employed the estinated utility functions to dcterninc o~tinal 

portfolio solutions for each of the contractine participants for a ran~e of 

values of contract price paraueters. Since the portfolio proportionn for 

each contractins alternative tlill be zero or one for sone values of th2 con

tract price ~arameters, separate solutions nust he obtained for each bordered 

case. For the three sales alternatives considered here, there are seven 

possible types of solutions: each alternative may be utilized to the maxinum 

permissible level; each may be zero with the other two between zero and the 

maximum permissible level; or all three may be Letueen zero an<l the ma:dr..1un 
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level. The latter is referred to as the interior solution and the other 

six as boundary solutions. 

The solution equations (offer curves) for each of the seven cases, 
turned out•to be nonlinear and complex (Appendix B). In the empirical 

analysis these equations were converted to more manageable forms by devel

oping simplified mathematical approximations to each solution type. This 

was accomplished by obtaining quadratic progranuning solutions over a range 

of contract parameter values and then fitting linear equations to each data 

2set. The fits were generally very close in the sense of having high R

values. 

Although the empirical estimates of the offer curves are simplified 

approximations and are specific to the particular utility functions employed, 

the position on the utility function, and our particular estimates of ex

pected prices and costs and their variances, they provide some general indi

cations of the ways in which contract choices and mixes may vary with changes 

in contract price parameters. By solving the sets of offer curve approxima

tions for their boundary values (where each sales option reaches its maximum 

or minimum proportion), we were able to delineate the regions in the contract 

price parameter space where the sales alternatives are used exclusively, in 

some mix, or not at all. Comparison of the utility maximizing solutions 

with the profit maximizing solutions provided an indication of the regions 

of contract mix and substitution and the limits within which contracting 

might be expected to occur. 

Finally, the offer curves were solved for contract price parameter 

values and allocations among options to obtain an illustrative equilibrium 

solution for the specific conditions of this model. A "thin market" solu

tion, in which a clearly defined market price does not exist, was also 

explored. 
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General Conclusions 

A nunher of findings are implicit in the research rrocedurcs discussed 

above and explicit in the associated empirical results reported in the body 

of the report. They need not be repeated here. There are, however, four 

areas uhere s01;ie further elahoration se-cms uarranted: (1) the impact of 

degree of risk aversion on optinal contract choices, (2) the role of the 

open marl:et on problera formulation and solutions, (J) su~;gestioas for self

analysis by potential contractors, anu (l;) further re.search needs. 

Impact of Degree of Risk Aversion 

For the cor.JIJ.oclity under considcration--touato paste--the nature of the 

price and cost variance and the shapes of the associatec E-V frontiers are 

such that for low to woderate levels of risk aversion the optinal portfolio 

solutions are the profit maxir.iizinr; solutions. In these cases neither the 

E-V frontiers nor the risk indifference curves have enough curvature to 

achieve tanp;ency points within the ranr,e of permissible variations in ex

pected income or profit. The optir.ml solution is at a corner point corre

sponding to maximum e}~pected profit. 

The offer curve under risk neutrality for (say) the seller's cost-plus 

portfolio share is zero up to some critical value of the cost-plus contract 

parameter, tben jmnps to 1.0 (or some other upper limit) at higher values. 

The buyer's offer curve is reversed ancl exchange may be expected only at 

parameter values such that there would be no profit advantaEe over the ex

pected market price option. Under such conditions long-tern contractinf; is 

not likely to play a major role as long as purchase or sale at established 

market prices is a viable alternative. 
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Offer curve solutions indicate that the sensitivity of portfolios to 

contract price parameters decreases with the degree of risk aversion. 

Changes in the magnitude 9-nd sit,rns of variances and covariances of the 

random el:ements of the profit function also affect the slopes and ranges 

of the offer curves. The relationship is very complex and difficult to 

interpret (see Appendix B). It appears, however, that increasing variance 

or increasing covariance (becoming more positive or less nezative) tends 

to increase the slope coefficients of each offer curve. 

Hith higher levels of risl: aversion, cost-plus or sales-minus con

tracts, or some combination of contracts with market price sales, becorae 

more desirable. The ranges of cost-plus markup and sales-minus markdo¥n1 

within which such portfolio mixes are obtained increases with increases in 

risk aversion. Ilowever, in the case studied here, mixed solutions are 

contained within fairly narrow ranges of parameter values, especially for 

the sales-minus narl:down (see Fir:ures 6.4, 6.5, and 6,6), 

Note that mixed solutions do not require all contracting parties to 

be risk averse. If, for example, the seller is highly risk averse and the 

buyer risk neutral, a cost-plus contract at less than profit maximizing 

markup, or some mix of cost-plus and market price, may be preferred by the 

seller and still be acceptable to the buyer. 

Role of the Open :Market 

Throughout the analysis we have assume<l the existence of an open ~r,1arket 

with sufficient transactions to establish a "market price" for the cornuoclity 

of concern. Expectations concerning !Jrices in this r:rarket play a key role in 

contracting decisions through their effects on the values of cost-?lus mark

ups or sales-minus markdmms ~,;hich Bive equal expected profitaliility of the 

contract and market price options. If market price cxpectatioas increase, 
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hir;her cost-plus narl:.ups an<l sales-nlinus uark.dmvns will he required to 

r.i,aintain equal expected pro:!:itability. This shift in level may not have 

much effect on the size of the interior ran13e uitltin uhic11 portfolio mix 

solutions occur unless the shift also is associated \:ith a significant 

change in the <ler:;ree of risl: aversion. 

Our model has also assune<l that the lJUyer and seller have in nind the 

same value of e~:pected mnrl:et price. This, of course, need not holc.1 pre

cisely. If, for e~~anple, the seller's marl~et price e::pectation were r,reater 

than the buyer's, the seller's profit na:dmizing break-even markup would 

return to the buyer a lower e:-:pectcd profitability than marl:.et price. This 

uould tend to discourage contracting and uoulcl re<luce the range of cost-plus 

markup Hithin which contractinr.; or a contract mix might occur. The reverse 

would hold if seller market price expectations Here belov those of the 

buyer, 

For some commodities, open 1::1arket sales have been increasingly re

stricted. In such cases, the nodel developed here r.>.ay be applied with 

market price simply deleted as an alten1ative. We thus have a potential 

model of exchange in the absence of open uarl~et transactions. Explorations 

of our cooperative-distributor e~:change solution with only cost-plus and 

sales-minus as alternative contract sales options (rnarl~et price sales ex-

eluded) yielded the interesting results that the exchan~e equilibrium is 

not unique. That is, there e)dsts a linear combination of cost-plus and 

sales-minus parameters rather than a sincle pair, that provide equality of 

buyer and seller portfolio shares)./ The range of feasible parameter com

binations in this case seems likely to be severely restricted by reservation 

Y The conbination is linear, r,iven our simplified linear approximations 
of offer curve solutions. 
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price considerations, even in the absence of a market price, but it suggests 

the basis for some pure bargaining. Another characteristic of the thin mar

ket (no market price) mod~l is much lower sensitivity of the solution to 

small variations in contract price parameters. These results suggest that 

further explorations of thin r,1arket situations with nore complex models that 

include additional sales alternatives could be of substantial interest. 

Suggestions for Self-Analysis 

It is not likely that many firms contemplating long-term sales contracts 

will have available the analytical resources to explore their alternatives 

as fully as in this study. There are, however, some r:irocedures suggested by 

the analysis which may be well within the computational capacity of the firm 

and which seem essential as a basis for a proper evaluation of the contract 

choices. 

The first step, after identifying the contract and sales alternatives 

to be considered, is to specify the expected profit equation in a manner as 

indicated in Tables 3.1, 3.2, and 3.3. With cost and price expectations 

formed, the profit equation may be used as indicated in Section VI to deter

mine areas within the contract price parameter space which f;ive hi3hest 

expected returns for each contract alternative (or narket price if it is au 

alternative). If more alternatives than our sinple cost-plus and sales

minus options are involved, the param.eter space would involve additional 

dimensions but would be calculated in the same manner. 

The next step is to evaluate the attitude of the firm toward risk. If 

risk aversion is believed to be low, or perhaps even low to 1:10derate, our 

.:malysis su3r;ests that a profit naxinizing solution still nay be o.ppropriate. 

Negotiations \Jith the other party start £ran the break-even position with 

nark.et price and other contract alternatives. If narket ;:Jrice is not an 
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alternative, some alteraticn in IJrofit aspirations may be required if trade 

is to occur; pure bargaining r..my beco:r1e import().nt. 

If t11e firn decision uakers seem clearly to be risl: averse, sone esti

r.i.ates of: profit variance will be required. 'I'his can l)e done as imlicated 

in the report. A rcl.3.tively sin1ple Lut useful calculation would involve 

calculation of the lHofit variance of each alter.native if used m:clusively. 

In cases where only two alternatives were considered, it would he easy to 

calculate expected returns an<l variances for various allocation proportions. 

In more complex cases it would 1Je necessary to follow the nore involved pro

gramming procedures outlined. in this report, 

An important consideration is the consequence to the firm of the Hronz 

sales choice. For example, the firm might inappropriately nate a pure 

profit mmdmizing choice when the <lez,ree of' risk aversion is hi::;h. Since 

utility scales have no cardinal interpretation there is no neanin3ful uay 

of r.1easurin3 the utility loss directly. IloHever, the fact that so nany of 

our utility maxinizing solutions vere near the profit Ba:dnizing values and 

the fact that portfolio nixes vere optimal within fairly narrow ranr;es of 

contract price paraneter variation, sug[;ests that if one is to err it nigl1t 

be best to err toward the profit maxinizin3 solution, This is further 

supported by the fact that variations in optir'lal solutions (in the areas 

where some mix is possible) involve relatively srnall ranees of variation on 

the raoney scale of the utility function. 

Further Research Needs 

There are several aspects of lone-term contractual arranzenients, not 

included in the present analysis, which seem especially For.thy of further 

exploration. This would include extensions to· enc01·1pass nore and different 

products, uore traders, and further consideration of the relation of contr.:.ct 
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structures to volumes traded. There is need also for further exa.~ination 

of the effects of more complex goal structures such as lexicographic utility, 

attitudes toward diversifjcation among buyers or sellers, and variable 

aspiration levels. Attitudes toward risk need to be sampled more widely and 

altentative means found to measure risk aversion and incorporate it into 

decision models. Since attitudes toward risk may vary among members of a 

firm, the resolution of such differences and the impact on contract decisions 

needs to be examined more fully. While we believe the simplified model pre

sented here has provided some useful infonnation and insights, further 

exploration seems most desirable if we are fully to understand the impacts 

of modern developoents in exchange systems for agricultural commodities. 

bp 1/16/79 
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APPEITD IX /\. 

Described below are tiie components of B;rouer, cooperative, and dis

tributor E-V and expected utility nodels. For each modeled firr:i, r,1ean and 

variance e}~pressions are first pn~sented. E-V problems are then specified 

which require substitution of the. appropriate racan or variance ei:pression. 

Finally, expected utility protlems are set out which accor;rraodate both 

quadratic and exponential utility functions. Definitions of terns corre

spond to Table 2.4. 

GrowP.r 

Settin;3 S
11
. = . 75 and s = .25 - s - s

2
, grower profit in Table 2.1

3 1 

may be expressed as: 

(A-1) = -d + A(a - b) + B[c 

where 

a = REVFa 
ntom 


b = VCFa 

ntom 


c = (. 75) (z) (NlfC) 


d = FCF + FCF 
tom ntom 


A Of.AF 


TI = AAT! 


MPt ya .!'Na' sol
= =x1 tom tom tom 


= VCF3 

x2 ton 

= REVC.X3 

Expected r;rower profit, then, is: 

(A-2) E(TI
g

) = -d + A[µ
a 

- µb] 
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and variance of grower profit is: 

(A-3) 	 Var(TI ) 
e; 

+ .125£0c3 - .1Z5£023 ) + 2AB(0ac - aa2 - obc + 0b2 

+ 	.0625£0a3 - .06259vab3)J 

? n £ £ ?cn2 2)+ s 1 [2B~(acl - - h0cJ + a + .25 - ·-:JN0 12 	 23 cr13 a3 

+ 2AB(0al - obl - i0a3 + 9v0b3] 

2 2 n n ?~ 0 2 2)+ s [2Il"(k0c2 - kcr2 - 9.0cJ + N023 + .25kN023 - ·-:Jh 02	 3 

+ 2.1\Il (kaa2 - k0bZ - 9_,aaJ + t0b3)] 

+ sin2(0i + i 
2a; - 2£013 ) 

+ c2 2 (k2 2 £2 2 21 !1, )u2B 	 02 + 03 - <-023 

+ 2s1s2B2 (£
2 

- - k£023 ).o; + ka12 £013 

E-V curve r,eneration involves calculatin~, for selected levels E(TI ) 0 
, 

g 

Min var(TI ) = a1 +Dis+ S'E1s 
s g 

) 0s.t. E(TI ) = E(TI 
~ g 

where a is the first bracketed term in (A-3), S is a colm:m vector of
1 	 1 

the coefficients of S variables, r1 the uatrix of coefficients of si, s;, 
2

Values of the µi' 0i used in 

r;rower E-V curve generations are given in Table 3.5, nnd covariances cr .. 
l.J 

in Table 3.6. Grower Frontier ),fl sets B = 500 and employs VCF3 
' 

0 moments.
tom 

·rcua, £ F · '13Frontier #2 sets B = 500 and utilizes 1 r moments. rontier i:· · assuuestom 
a oB = 1,000 and employs VCF ' moments. All frontiers are solved for A = 800,tom 

k = 1.25, £ = .335, and asstL'"'le contracts are signed on an acreage basis 
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Cooperative 

Setting V = 1 - v - v
3 

, and the grower portfolio proportions as
1 2 

above, the c.ooperative net margin in Table 2.2 may be expressed as: 

(A-5) W1c == e - f - g + D[- x + v x + v n(X + x ) + (1 - V - V )nX
5 1 4 2 1 5 2 3 6 

- R X - R kX - (.25 - r, - R )Y.X ]
1 1 2 2 1 2 3 

where 

e = r-nvc 
npst 


f = vcc

npst 

rr 
b = FCC + FCC

pst npst 

D = N\C 


x = (l/x)(HPt ty~ ) = '.fVa 

4 ps om pst 


xi'." = (l/x)(NTVCCt Y: ) = NTVCCa 

J pst on 1JSt 


v = (l/xy) (11P t Ya ) = H'Ja

''6 see tom see 

vl,v2 = paste sales portfolio proportions 

R
1

, n. = tomato purchase port folio proportions (nonner:iber) , and other
2 

variables are defineL: as previously. 

Expected cooperative net marr;in is, then: 

(A-6) E(mIC) = µe - µf - 8 + D [-115 + v l]JI+ + v 2m(JJ1 + JJ5) 

+ (1 - Vl - v )ni1 - Rl]Jl - R2l:µ 2 - (.2.5 - Rl - R2 )£p3 ]2 6 

and variance of cooperative net rnar~in is: 

(A-7) 

'} 

+ naeG - .25.Q.creJ + crfS - naf6 + .25,Q,afl) + 2D''-(-ncr56 

+ • 259.a - • 25n9,cr )]
35 36 
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+ v [2D(moel + naeS - noe6 - mofl - maf5 - nof6 )2
 

2 

-r• 21) 

2 c-raol5 - mos - no56 + mnd 16 - ...25mNna13 


,. 2 2 

+ nmo - • 25mto - •25nta - n a )]

56 35 36 6


,, ') 2 

+ n. [2D(-del + Q.oe + ofl - 9.,0£3) + 2D"'" (-.259.,""o31 3 


+ 0 15 - 9.,o35 - nol6 - n9.,o36 + -~ 5 ,Q,013)] 

+ n. [2D(-ko + 9..oe + kcrf2 - £0£3) + 2D
2 

(-.2s2
2
o;2 82 3 


+ ka - 9~o35 - nko - n9..o + .25k£o )]
25 26 36 23
 

2 2 2 2 2
+ v n (o + n 0 + 2na )
1 4 6 46
 

.22(22 22 22 22 2 ? )
+ v D m o + m o + n o + rn 0 - mno - ~mno562 1 5 6 15 16 


,, 
+ zv R 1,.=· (-ko + .tcr + nka - n£cr )

1 2 24 34 26 36


2 2
+ 2v R D (-ma + mio - mo + m.Q.o + no - n.Q.o )
2 1 1 13 15 35 16 36


... 

+ 2V2R2D'~(-r11ko12 + m9va - mko + r.19..0 + nka - nio )

13 25 35 26 36


2

+ 2RlR2D (9.,

2a; + kol2 - £013 - kio23). 

Cooperative E-V curve r,eneration involves a similar constrained 

variance minimization as in (A-l~), where S is replaced by a column vector 


Z of V's and R's, and the appropriate coefficient substitutions a
2

, s
2

, I
 
2 


are made from (A-7): 


(A-8) 

s.t. E(Nl1 ) = E(HM ) 0 
• 

c c 
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2
Moments µi' cri, and a1j used for cooperative E-V curves are for the nost 

part g:iven in Tables 3,5 and 3,G. Instances where there are departures 

from listed values in Tables 3.G, and specifications of all other 

parameters, are indicated in Table th 2. As an example, Table 4. 2 shows 

that cooperative Frontier /,13 ttssuraes: m = 1.70, n = .22, l: = 1.25, 
,, 

,Q, = • 03; no Eouent alterations from those shmm in Tables 3. 5; i1
3

, cr3 

and associated covariances represent total cooperative revenues (as 

opposed to paste sale revenue only); contracts 2re on a tonnage basis 

(ifV
3 

, HVa Moments user..l rather than f!va , fl:vpast raone.nts); and 
see pst see 

Distributor 

The distributor/reproccssor pro::':it in Table 2.J uay be represented 

as: 

where 

h = FCD see 


" = (lh:y) CU1VCDt Ya ) = '.JPVCDa

''7 see tm:i SC(~ 


E = AAD 


w1 ,~;2 =portfolio proportions G; = 1 - u - U,..), and other variables
3 1 


are defi~1ed as previously, 


Expected distributor profit is: 

and variance of distributor profit is: 

(A-11) 

'") 

2n~) - ]~a67 + cr. 7"> t;.. 



'") 

+ \J,,2E~ [ (a ... r: (mn - n)
L. JO 

+ a16 (rm - m) J 
I' ,, '") ,,2 	 2 2+ n 	 2E ( r: + 5 -a~ ~a )• 	 '~l · .J04 • n 6 - n 46 

T22E2 ( r- 2 2 2 2 2 2 2+ i:. , • .Jm a + .Sm a + n 0 + m a - nna - Mncr )
2 1 5 6 15 16 56 

+ 2w1tJ2E
2 (2n2a~ + no1 lf + malfS - - mncr16 - mna56 ).no1f 6 

Following (A-l}) and (A-3), distributor E-V curves are p;enerated hy 

(A-12) li~n var(rrd) = + BjW + H 1r31.ra 3 

s.t. E(Tid) = E(rrd) 0 
• 

Contract 	parameter values ra, n used in each <listributor frontier are 

2
listed in Table 4.4. Note that in Distributor Frontier i13, a and all

4 

covariances with a 4 subscript are set at zero. In the same frontier 

the 	value µ is also set at 15 percent less than that listed in Table 3. 5.
11 

All distributor solutions assume contracts are signed on a tonnaee basis; 

that is mor:1ents emploved corresn.. ond to MVa r.fVa in Tables 3.5 and 3.6. 
J 	 pst' see 

Expected Utility Problems 

Expected utility naximizations for grower and distributor, and some 

of those for the cooperative, are solved under the assumption that decision 

makers have quadratic utility functions. In general form suite<l to any of 

the three firms, the probler:1 is stated as: 

(A-13) Max E[U(1T)] = bµTI - c(µ; +a;) 

where 

2
U = a - brr - cTI , h, c > O. 

Profit mor.mnts llTI and a;? 
are substituted fron (A-2), (A-3), (A-6), (A-7), 

2(A-10), (A-11) as appropriate. The expression µ is developed by replacingTI 
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each CJ~ in (A-3), (A-7), or (A-11) with µ~, and each crij in these equations 

with llillj. 

Expected utility maximization under exponential utility has the 

simpler form 
"I 

(A-14) Max E[U(TI)] = 'l - A.a"" A. > 0. 
f TI TI' 

where 

U = l~ - G exp [-AH] , 8, A > 0. 

2Owing to the absence of µ , optimal programs in (A-llf) are much less
TI 

sensitive to expected acreage requirenents B, D, and E than arc optimal 

programs in (A-13), 

Programs (A-13) and (A-14) are not specified here with a constraint 

since portfolio proportions s
3 

, v3 , R
3

, and u are represented above as
3 

residuals of the rer:taining proportions, Actual progrnm routines included 

these four variables, and utilized corresponding linear constraints 
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APPE1IDIX Il 

Optimizing Solutions for the Expected Utility Functions 
, 

A. Grower solution 

1. 	 Expected utility function - quadratic utility 


2

E[U(TI )] = b E(TI ) - C[E(TI )] -	 C var(TI ) 

g g g g 

E(rrg) = a0 + a1s1 + a2s2 

2 2 
var (TI

g
) = (boo+ bolt+ bo2i) + (b10 + b11t + b12t )sl 

2 2 2 
+ 	(b2lk + b22t + b23t + b24kt)S2 + (b30 + b3lt + b32~ )Sl 

2 2 2+ (b k + h42i + b kt)s241 43

2 
+ (b5li + b52k + b53~ + b54ki)SlS2 


where (using Appendix A notation) 


a = 1 

2
b00 = A <cr! +a~ - 2crab) + n2 (cr~ 	 +a; - 2oc2) 

+ 2AB(crac - 0 a2 - crbc + 0 b2) 


= .125(crc3 - cr23 ) + .0625(cra3 - crb3)2AB
b01 

., 
= [.25o13 - crc3 + cr23 ]2B~ + 2AB(crb3 - cra3)b11 

h12 
2 2= -~2Scr3 (2B ) 
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2 2 2 2 
b21 = 2B [0c2 - 02] + 2AB(cra2 - 0b2) b = B 041 

2 
b22 = 2B [023 - 0c3] - 2AB(cra3 - 0b3) b42 = B20; 

2 2 2
b = -.25a 2B b43 = -2B 023 23 3

b51 
2 2 

3 "" 2B 0 

2 2 2 
b30 = B al b52 = 2B 012 

b)l = -2B
2 = -2B

2 
0013 b53 13 

2 2 
b32 = 03B 

2. First order conditions for maximum 

aE[U(rr )] 2 
aslg = bal - 2C(a0 + alSl + a2S2)al - C(blO + blli + bl2i) 

? 
- 2C(b + b t + b t-)s30 31 32 1 

2 - C(b i + b k + b + b kt)s = 051 52 53 t 54 2 

oE[U(rr ) ] 

3S2g = ba2 - 2C(a0 + alSl + a2S2)a2 


2 
- C(b k + b + b t + h kt)21 22 t 23 24

- 2C(b41k
2 + b42 t 

2 + b43ki)s2 

- C(b 2 + b k + b i + b kt)s1 = O.51 t 52 53 54

Simplifying, 

3E[U(rr )] 

as g = ~o + A1151 + A12 52 = 0 
1

aE[U(rr ) ] 

as g = Azo + Az1 51 + A22 82 = 0 
2
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where 

AlO = (ba1 - 2Ca0a1 - Cb10 ) - Cb11t - Cb12 t 
2 

2 2
All= - 2C(a1 + b30)'- 2Cb31 i - 2Cb32 i . 
~z = - 2Ca1a2 - C(b52k + b53~ + b51 t 

2 + b54kt) 


2
= ba - 2Ca - C(b21k + b22 t + b23 t + b24kt)A20 2 0a2 

A21 = Al2 

(1) Interior solution [O < s1 , s2 , .2S-s1-s2 < .25] 

(2) Boundary solutions 

o A2o 
SO = A20s - -- .25 + 

2 - A22 ' 3 A22 

O = AlO
S .25 + 

3 All 

(c) s = o, o < s1 , s2 < .25
3 

(all terms with t and 11 drop)
3 

1 1 1 1 

0 A12A20 - A10A22 


s == 1 1 1 1 2 
A11A22 (Al2) 
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where A
1 
10 = bBii1 - 2C[-d + A(µa - µb) + B(llc - µ2)JBµ1 

- CblO 

- Cb 21k 

= -2Ck2 (/B2 
+ b41)2 

(d) s = •25,
1 

A A 

- _!Q. > 25 - ~ > .25'\1 - . ' A21 

(e) s = .25,
2 

AAlO 
- -- > .25' - ~ > .25 

Al2 - A22 

(f) s = .25,
3 

B. Distributor and processor solutions 

The solution for the distributor is identical to the grower model 

except that Si is replaced by Wi and the numerical values (.25, .125, 

.0625) are replaced by 1.0. 

The processor model is similar in format but is complicated by 

the inclusion of both Vi and R variables. This adds greatly to the1 

number of covariance and cross product terms and the number of boundary 
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solutions required. In the empirical analysis it was found that solu

tions for Vi and Ri could be obtained independently without signifi

cantly affecting the outcomes. The problem then reduces to two opti, 
mizing models (for purchases and sales) similar in format to the grower 

case. 
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APPENDIX C 

Procedures for Constructing Historical 
Series of Cost Variables 

Tomato Farm Inputs (VCFa )
- tom 

Labor 

Annual labor hours per acre of tomatoes, broken down by farm operation 

and job classification, are reported for each of the six principal counties 

in Table Cl. These labor figures are taken directly from University of 

California Cooperative Extension reports dated 1972-1974. 

The Extension Service studies divide costs among labor, fuel and repairs, 

and materials. The labor component in the repairs part of the fuel and 

repairs category was estimated as shown in Table C2. First, fuel requirements 

were taken from Table C3, column (6), and fuel costs per acre for each 

county were calculated as shm·m in column (3), Table C2. Fuel costs were 

deducted from fuel and repairs figures to leave repair costs only (columns 

2,3). Repair costs (colunm 4) were then divided by the current farm wage 

rates for mechanics ($3.50 in 1973, $3.00 in 1970) to give an inputed labor 

time for repairs. The results (column 6) are reported under the "all repairs" 

farm operation for each county, Table Cl. This procedure introduces some 

inaccuracy since repair costs are only partly due to labor, the balance to 

parts. (From grower interviews, the allocation is approximately 50 percent 

each.) However, some method had to be found to incorporate parts costs into 

the total cash cost series, and such a series in its own right is awkward to 

construct. Besides, it is probable that labor wages have an important 

influence on parts and installation costs. 
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TABLE Cl 

Annual Labor Hours Per Acre to Cultivate and Harvest Processing Tomatoes in 
a/

California, Selected Counties, by Operation and Wage Class, 

e 
s 

Mechanicn ~ 
(SJ) 
(Y) 

C:oo'1'h ,,:i (SOL) 
(SB) 

(SJ) 
(Y) 
(SOL) 
(SB) 

(SJ) 
(Y) 

;Grow 	 (FR) 
(SOL) 
(SB) 

Harvest, bins!!/ 

operator 

supervisor 

mechanic 


(SJ) 
(Y)elAll repairs- (FR) 
(SOL) 

(imputed) (SB) 

3.30 

3.30 

16.91 
11.18 
13.22 
14.38 
10.43 

Harvester 
operator 
sorter 
supervisor 

5.9 

3.2 
2.7 

Tractor 
operator 

3.85 
3.40 
3.85 
2.74 

1.10 

.88 

.84 

.42 


2.7~ 
3.13c/ 
9.0°h/ 
2.64bt 
2.01)-=C 

i 

10.25 (SJ) 
8.80 (Y) 

11. 77 (FR) 
10.25 (SOL) 

8.90 (SB) 

Irrigator 

10.62 
10.50 
10.85 
10.50 
14.00 

Unskilled Totals 

3.85 
3.40 
3.85 

i 2.74 

1.10 
.88 
.84 
.42 

15.25 28.63 
9.50 23.13 

15.00 25.85 
16.50 29.64 
12.00 28.06 

40.50 (SJ) 59.95 (SJ) 
40.50 (Y) 58.50 (Y) 
46.56 (FR) 67.53 (FR) 
45.90 (SOL) 65.35 (SOL) 
39.90 (SB) 57 .80 (SB) 

16.91 
11.18 
13.22 
14.38 
10,43i 

20.21 5.9 17.96 10.62(SJ) 55. 75 110.44 
(Y) 14.48 5.9 16.21 10.50 50.00 97.09 

Totals 	 (FR) 20. 7716.52 I 5.9 10.85 61.56 115.60 
(SOL) 17 .68 17.585.9 10.50 62.40 114.06 

14.12(SB) 13. 78 5.7 14.00 51.90 99.45 

~I 	 County observations are: (SJ) = San Joaquin, 1973; (Y) Yolo, 1970; (FR) = Fresno, 1972; 
(SOL) = Solano, 1970; (SB) = San Benito, 1973. 

}!_/ 	 Iucludes 8 hours imputed to fertilizer application (from Yolo sheet). 

E:./ This figure includes all cultural operations for Fresno County. 


E:_I Mechanic and harvester operator rates are nearly identical for all counties. 


5:,/ Includes cost of parts divided by repair labor wage per hour. 


Source: University of California Agricultural Extension Service. 




TABLE C2 


Fuel and Repair Costs Associated with Producing Processing Tomatoes in California, 1970-1973, 

by Selected County, Including Procedure to Compute Repair Labor Hours Per Acre 

County 

San Joaquin, 
Contra Costa, 
Stanislaus (1973) 

Yolo (1970) 


Fresno (1972) 


Solano (1970) 


San Benito (1973) 


(1) (2) 

Fuel and 
repairs Less 
cost fuel 

dollars 
__E_er acre 

79.21 

51.47 

NA 

62.97 

54.42 

20.00 

17. 92 

21.44 

19.84 

17 .92 

(3) 

Fuel 
computation 

(125 gal) 
(16¢/gal) 

(112 gal) 
(16¢/gal) 

(134 gal) 
(16¢/gal) 

(124 gal) 
(16¢/gal) 

(112 gal) 
(16¢/gal) 

(4) 

Total 
repair 
bill 

dollars 
.Rer acre 

59.21 

33.55 

NA 

43.13 

36.50 

(5) 

Imputed 
hourly 
labor cost, 
repairs 

dollars 
per hour 

3.50 

3.00 

NA 

3.00 

3.50 

(6) 

Imputed 
labor hours 
per acre, 
repairs 

hours 
per acre 

16.91 

11.18 

13.22 

14.38 

10.43 

Sources: Columns (1), (5): University of California Agricultural Extension Service. 
Column (3): Price per gallon from Reed, gallons from Table CS. 

I-' 
\J1 
I-' 



TABLE C3 


Input Units Required Annually to Produce One Acre of Processing Tomatoes in California, by Selected County, 1970-1973 


(6) (7) (8)J.:U J.?l cu J.42 _en 

~ y LaborE/ Seed Fertilizer Insecticide Herbicide Diesel Water 

Proportion of 
cooperative 
tomato acreage 
in each county 

San Joaquin, 
Stanislaus, 
Contra Costa 

hours __E_aunds _E_ounds...1. ....&allons ....&allons _J>_aunds gallons 
acre-
feet 

' 
(1973) 110.44 .75 100 lbs ~_/ 

75 lbs ef!-1 

NA 

1.25 gals Lanate 

6.4 125.0 5.00 34.68 

Yolo (1970) 97.09 1. 00 
10 gals 8-24-0 

90 lbs r#-1 

.1875 gals Dieldrin 
4.00 112.0 5.00 19.86 

Fresno (1972) 115.60 1.00 
50 lbs P2o

5 

NA 3.0 134.0 3.00 17.14 

Solano (1970) 114.06 1.00 125 lbs #/ 
400 lbs 6-20-20 

NA 2.0 124.0 5.00 16.46 

San Benito 
(1973) 

Weighted 

99.45 .33 
400 lbs 21-0-0 

NA 2.0 112.0 2.33 11.86 

average 107.966 .834 - - 3.697 122.25 4.34 -

al Actual element. Usually applied as ammonium hydroxide. 

'!:_/ Includes cost of parts divided by repair labor wage per hour. 

Source: University of California Agricultural Extension Service. 
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Total per-acre labor hours by county are surmnarized on Table C3, column 

(1). A weighted average of these is taken, where the weights represent the 

proportionate acreage share of each county in cooperative membership (column 

8). This weighted average (107. 97) is then employed as labor input coeffi

cient for the final total variable cost series. 

The labor wage time series, 1951-1974, is constructed by forming a 

weighted average tomato farm labor wage for 1973 and multiplying this by an 

index (1973=100) of unskilled tomato farm labor rates, 1951-1974. The result 

is an estimate of the weighted average hourly wage paid to tomato farm em

ployees in each of these years, precisely wl1at is needed in conjunction with 

a per-acre labor hours coefficient that combines labor of all job classifi

cations. 

Calculation of the weighted average hourly wage is reproduced on Table 

C4. Average imputed hourly wages paid in San Joaquin County for each job 

class (column 3) are multiplied by the corresponding average proportions of 

per-acre labor time allocated to each job class (column 5). These multiples 

are surmned (column 6) to yield the weighted average hourly cash wage in 1973 

($2.86). This cash wage is multiplied by 1.12 to account for social secu

rity, workmen's compensation, and bonuses. The total is $3.21 per hour. 

The price index series used to move this total backward in time is 

derived primarily from unskilled wage data reported by the State of Cali

fornia, Department of Employment (Human Resources Development). Mid-August 

quotes from this source for each county were compiled and an index (1967=100) 

derived from the simple county averages. Since this series begins only in 

1960, it was extended to 1951 from data on California farm wage rates 

reported by the State of California, Agricultural Labor Commission, Exhibit 

E, p. 17. The corresponding wage series (index times 1973 average wage) is 

presented on Table C6, column (1). 



TABLE C4 


Calculation Procedure Used to Obtain Weighted Average Hourly Wage Paid to Workers on Processing 

Tomato Farms, Lower Sacramento and Upper San Joaquin Valleys, California, 1973 


_(l_l GD_ (3) (4) (5) (6) 

Wage class 

Supervisor 
and mechanic 

Harvester operator, 
sorter supervisor 

Tractor and 
forklift drivers 

Irrigators 

Unskilled 

Wage scale, 
San Joaquin, 
1973 

dollars per hour 

3.50 

'.3.00 

2.50 

2.25 

2.10 

Ratio of each 
wage rate to 
unskilled 
rate 

1.6667 

1.4286 

1.1905 

1.0714 

1.0000 

Presumed 
wage rates 
if unskilled 
rate is $2.46 

dollars per hour 

4.1001 

3.5144 

2.9286 

2.6356 

2.46 

Average hours 
devoted to 
work in these 
classes 

hours 

16.524 

5.86 

17.328 

11. 294 

56.322 

2:=107.328 

Proportion of 
total work 
hours occupied 
by each class 

.154 

.0546 

.1614 

.1052 

.5248 --
i:=l.0000 

Column (3) 
times 
column (5) 

' 
.6314 

.1919 

.4727 

.2773 

1.291 

2:=2.864#/ 

!!_1 	 This is the weighted average hourly wage rate, 1973. Adding 12 percent for social security, workmen's compensation, 
etc., we obtain $3.21. 

Sources by column: 

(1)-(5): California Agricultural Extension Service 
(6): Column (3) times column (5). 



TABLE CS 

Calculation Procedure Used to Obtain Gallons of Diesel Required Annually in Producing 
an Acre of Processing Tomatoes, California, 1970-1973, Selected Counties 

(1) (2) (3) (4) _(_5) 

County 

Average 
horsepower 
used on farm 

Average gallonsa/ 
diesel per hour-
per horsepower 

Average gallons 
diesel per hour 

Farm vehicle 
operating hours 
per acre 

Gallons of 
diesel used 
per acre 

San Joaquin (1973) 


Yolo (1970) 


Fresno (1972) 


Solano (1970) 


San Benito (1973) 


80 

80 

80 

80 

80 

.070 

.070 

.070 

.070 

.070 

2._f At 75 percent of maximum horsepower. 


Sources by column: 


(1), (2): Reed. 

(3): Column (1) times column (2). 
(4): University of California Agricultural Extension Service. 
(5): Column (3) times column (4). 

5.6 

5.6 

5.6 

5.6 

5.6 

22.34 

20.17 

24.. 00 

22.09 

20.00 

125 

112 

134 

124 

112 

,_. 
Lil 
Lil 



1951 1.0986 14.86 .1819 40.38 5.3285 .14520 3.306 
1952 1.1621 19.10 .1853 35.84 5.9097 .14623 3.333 
1953 1.1892 16.13 .1884 21.45 5.0000 .15118 3.340 
1954 1.1795 14.48 .1860 23.55 4.3500 .15327 3.431 
1955 1. 2065 12. 90 .1843 23. 55 4. 0206 .15716 3.269 
1956 1.2571 13.97 .1843 21.98 3.6330 .16432 .... 3.175 
1957 1.2744 13. 79 .1865 19. 71 3. 7299 .17343 3.218 
1958 1.2940 13.85 .1877 19.01 3.8752 .15755 3.240 
1959 1.3305 14.36 .1857 20.06 3.8752 .16133 3.253 
1960 1.3824 13. 79 .1883 20.06 3.8552 .15204 3.289 
1961 1.4475 15.12 .1915 18.40 3.8752 .15945 3.305 
1962 1.3171 19.03 .1938 18.23 3.7009 .15730 3.318 
1963 1.3954 17.46 .1934 16.22 3.3426 .15780 3.292 
1964 1.4344 16.07 .1939 14.48 3.3426 .14529 3.263 
1965 1.8126 16.00 .1962 14.82 3.2844 .15434 3.253 
1966 1.9040 15.00 .1971 15.70 3.1486 .15747 3.237 
1967 1.8648 15.00 .1986 15.61 3.2165 .16800 3.250 
1968 2.1387 15.00 .1936 15.20 3.1322 .17112 3.279 
1969 2.3213 12.00 .1822 14.82 3.0541 .17195 3.315 
1970 2.3342 10.00 .1880 16.79 3.4600 .17853 3.405 
1971 2.4647 11.00 .2026 17.45 3.5960 .18480 3.692 
1972 2.4517 12.00 .2026 17:47 3.5993 .18698 3.949 
1973 3.2080 12.00 .2262 17.59 3.6253 .23470 4.202 
1974 3.2472 13.00 .3053 18.35 3. 7816 .47107 5.506 

r 
3 
r 

TABLE C6 


Per-Acre Input Coefficients and Annual Unit Input Prices, Processing Tomato Farms, California, 1951-1974 


(3) 	 (4) (5) (6) {7) 

Labor 	 Fertilizer Insecticide Herbicide Diesel Water 
(107.97 Seed (50 gals N, (1.25 gals Lanate (4 lbs) (122 .. 25 • (4.34 
hours) (1 lb) 10 gals 8-24-0) .137 gals Dieldrin) Trefmid) gals) acre-feet) 

1--~------~-d-o_l_l_a_r_s_--+_d_o_l_l_a_r_s~--1---d-o_l_l_a_r_s-----+----dollars dollars dollars dollars per 

1--_gi=er=--.:h:.::o:..:u=r'--+-..£1=er::_;_ll.lc.:O:.::u::::n,..:d:__+--.iPt:..:'e=r=-.J2:' p•e-=-r_p._•o"'u::.:n::..:d=--+-_ll.l.c=.er::......i~;z:a:.:l:.:l:.:o..::n:.......i--'a=c:..:r:.::e=---=f..::o..:.o..::t_4g<a:;::;l.:::1.::'.Con"'----l---_pr_•e::::r~g"!l=l=o.:.:n'----il--J;..;;;; 

Sources by column: 	 In most cases, price series were developed first as index series then converted to actual prices through use 
of a base price. Following are sources of index series and base prices. 1974 values are early estimates. 

Index series 	 Base price 
(1) 
(2) 

1951-1959: 
1951-1964: 

Calif. Ag. Lab. Com.; 1960-1974: 
Proportionate to one-year lagged 

Calif.: Weekly Farm Labor Rep. 
tomato price changes. 

California Agricultural Labor Commission, p. 17 
Garner Seed Co., Woodland, CA (supplied prices 

1965-1974). 
(3) 
(4) 
(5) 
(6) 
(7) 

U.S. Department of Labor: Wholesale Price Indexes (WPI) 
1951-1966: USDA: Ag. Stats., p. 585; 1967-1974: WPI, "Pesticides". 
1951-1966: USDA: Ag. Stats., p. 585; 1967-1974: WP!, "Pesticides". 
WP!, "Middle Distillate". 
Tri/Valley Growers, San Francisco, California 

Mel Zobel, Agr. Extension Service, Woodland. 
Mel Zobel, Agr. Extension Service, Woodland. 
Mel Zobel, Agr. Extension Service, Woodland. 
U.S.D.A.: Agricultural Prices 
Mel Zobel, Agr. Extension Service, Woodland. 
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Seed, Pesticides, and Fertilizer 

Seed, insecticide, herbicide, and fertilizer uses per acre are sum

marized on Table C3, columns (2)-(5). Average seed use is .84 pounds per 

acre but the assumption of 1 pound per acre was considered more typical 

(modal). Only Yolo County reported insecticide quantities (l.25 gallons 

Lanate, .1875 gallons Dieldrin). For herbicide, the Yolo County use of 

4 pounds Trefmid per acre, near the six-county average, was enployed, The 

Yolo County figures for fertilizer (50 gallons or 75 pounds nitrogen; 10 

gallons 8-24-0) were also employed since they are 1975 specifications and 

fertilizer use is so varied across counties and farms. 

The price series for seed, 1965-1974, was provided by a seed distribu

tor (Table C6, column 2), The 1951-1964 part of this series was constructed 

on the assumption, suggested by several distributors, that seed prices 

change proportionately with one-year-lagged tomato prices. The wholesale 

price index for pesticides, U.S. Department of Labor, Wholesale Price 

Indexes, was used for both insecticide and herbicide price indexes in the 

period 1967 to 1974. From 1951 to 1966, the insecticide index follows price 

movements of 2,4-D, and the herbicide series, price movements of DDT [U.S.D.A., 

Agricultural Statistics]. Current prices of the indicated insecticides and 

herbicide were then used to convert index series to price series (Table C6, 

columns 4, 5). The price index for fertilizer was also taken from Bureau of 

Labor Statistics annual wholesale price sunnnaries ("mixed fertilizer") and 

converted to a price series (Table C6, column 3) by applying the current 

weighted average price of nitrogen (ammonium hydroxide) and 8-2l1-0. The 

weights for nitrogen and 8-2l1-0 are .833, .167, respectively. 
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Diesel and Water 

Per-acre diesel fuel use by county, given on Table C3, column (6), are 

calculated as shown on Table CS. Average gallons of diesel use per hour 

[Reed] are multiplied by farm vehicle operating hours per acre, as reported 

in the county cost studies, to yield an estimate of gallons of diesel con

sumed per acre. A six-county weighted average of these coefficients (122.25 

gallons per acre) is then formed as indicated. 

Water use figures in feet per acre are obtained directly from Agri

cultural Extension Service cost sheets. These are shown on Table C3, column 

(7), together with their six-county weighted average (4.34). 

The diesel fuel price series, as shown on Table C6, column (6) was con

structed by applying the 1974 average California farmer price for diesel to 

the Bureau of Labor Statistics price index series for middle distillate. 

The acre-foot cost of irrigation water is assumed to vary directly with 

the agricultural rate for electricity (pumping cost). To the BLS price index 

series for electricity was therefore applied the 1974 acre-foot cost of irri

gation ($5.93 at 1,500 gallons per minute) to obtain the time series of irri

gation cost per acre foot (Table C6, column 7). The BLS series for industrial 

electricity was too short to be useful. 

Land Rent 

Land Rent is a cash cost for share-lessees only. Usually rent is cal

culated as a percentage of tomato revenue, although in some cases it is a flat 

charge. For owner-operators, rent is the opportunity cost of land, or the 

market value of land times the annual rate of return the owner thinks he could 

earn with its market value by investl!lent in an alterna~ive, risk-comparable 

enterprise. · This is a noncash cost and normally classified with fixed charges, 

but it is included here as a cash cost for purposes of comparison. 
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Construction of rent series for owner-operator and share-lessee are 

shown in Table C7. For owner-operators, a series of estimated irrigated 

land values in Yolo County (column 2) is computed from a published index 

series (column 1) and multiplied by three-month Treasury Bill!/ rates to 

give the imputed annual opportunity cost of irrigated land (column 4). 

For share-lessees, annual average tomato revenues in Solano County (our 

best estimate of farmer revenue variability), columns (5) and (6), are 

multiplied by estimated average lessor shares (column 7) to give an esti

mated average annual cash rent (column 8). 

Total Costs 

Total cash cost series and fixed costs for owner-operator and share-

lessee tomato growers are surrnnarized on Table CS. Principal costs, the same 

for both growers, are found by multiplying input coefficients with input 

price series in Table C6 and summing across rows. Miscellaneous costs 

include office expenses, road maintenance, and taxes; the miscellaneous 

cost series are formed by multiplying a constant factor times principal 

2/costs.- Imputed and cash rents are taken from Table C7. Total cash costs 

then comprise principal, miscellaneous, and rent costs. The fixed costs 

listed apply to 1974 only and are taken from the Cooperative Extension cost 

study for San Joaquin County. No series was required for fixed costs since 

they are considered nonstochastic in the decision models. 

Paste Processing Inputs (NTVCCtr )1/
pst 

];./ Growers frequently purchase treasury bills as a side investment, and trea
sury bill interest rates are a good proxy for low risk, short term investment 
return. 

2:.,/ The factors are .2119 for owner-operators and .1753 for share-lessees. 
These are the averaee rates of miscellaneous to principal costs in county to
mato cost studies. The rates differ since share-lessees do not pay land tax. 

]./ Input cost series are expressed in index form to honor the source's request 
for privacy. 



TABLE C7 

Calculation 	Procedure Used to Obtain Per-Acre Land Rent Estimates for Processing Tomato 

Farms, California, 19Sl-1974, Owner-Operators and Share-Lessees 


(1) 	 (2) (3) (4) (S) (6_1 (7) (8) 

Market price Estimated 
Index of values Imputed value of Interest rates of processing Solano average Estimated 
of irrigated irrigated land, Imputedon 3-month tomatoes County share of cash• rent, 
landYear Yolo County Treasury Bills rent F.O.B. farm yields lessor Solano County 

dollars percent dollars dollars tons dollars 
1967=100 _E_er acre _E_er annum _E_er acre _E_er ton _E_er acre _E_er acre 

47 
 .12
19Sl 640.91 1.SS2 9.9S 30.20 18.68 67.70 
19S2 S4 736.37 1. 766 
 2S.SO .12 
 64.1113.00 20.9S 
19S3 SS .12 
 SL 33
7SO.OO 1.931 18.6814.48 22.90 
19S4 S4 .12 
 47.76640.91 .9S3 6.11 20.40 19.Sl 
19SS S7 777. 27 
 22.80 20.20 .13 
 S9.871. 7S3 13.63 

62
19S6 22.70 20.60 .13 
 60 • .:Z984S.46 2.6S8 22.47 
4S.8919S7 67 
 913.64 3.267 29.8S 21.90 16.12 .13 


72 
 981.82 22.70 18.21 .13 
 S3.741958 
 1.839 18.06 
.14 
 4S.S436.68 21.80 14.921959 
 79 
 1,077. 28 
 3.40S 
.14 
 S7.4084 
 17.521960 
 l,14S.46 2.928 33.S4 23.40 

S9.S914.lS .14
1961 
 89 
 1,213.64 2.378 28.86 30.10 
.14 
 72.491,254.SS 34.8S 27. 60 
 18.761962 
 2. 778
92 


73.38.lS1963 
 25.40 19.2695 
 l,29S.46 3.157 40.90 
94.1224.80 .ls1,322.73 25.3097 
 3.549 46.941964 


108.01.ls35.40 20.34l,3SO.OO 3.9S4 53.38196S 99 

91.9320.43 .lS30.001966 
 100 
 1,363.64 4.881 66.56 

110.0317. 77 
 .16
38.701967 
 1,363.64 4.321 58.92100 

126.3322.43 .16
3S.201,418.19 75. 72
1968 
 104 
 S.339 

97.27.16
22.3S27.20100 
 1,363.64 6.677 91. 051969 

.16 
 91.1222.6088.06 25.20100 
 1,363.64 6.4581970 

.17 
 116.1924.4128.004.348 58.701971 
 99 
 1,350.00 
.17 
 113.S723.8628.001,363.64 4.071 55.Sl1972 
 100 


140.24.17
23. 57
3S.001,336.37 7.041 94.091973 
 98 

.17 
 197.9520.SOS6.801,500.00 7.246 108.691974 
 110 


Sources by column: 

(1) "Farm Real Estate Market Developments," ERS, USDA. 
(2) Derived from assumption that 1974 value is $1,SOO (Yolo County Assessor). 
(3) "Economic Indicators," Council of Economic Advisors. 
(4) Column 	 (2) times column (3). 
(S) "Vegetables-Processing," SRS, USDA. 
(6) Ibid. 
(7) Estimates by Mel Zobel, Farm Advisor, Yolo County. 
(8) Column 	 (5) times column (6) times column (7). 



161 


Labor 

Annual cannery wages paid to production line workers were supplied by 

the cooperative for the years 1964-197l~. These were converted to weighted 

average wages paid to all cannery workers by multiplying each with a constant 

index. This index is the ratio of the tv-eighted average hourly wage to the 

production worker wage in 1975. 

To move the series back to the 1951 starting point employed in this 

study, an index of California wages paid in fruit and vegetable processing, 

reported in U.S. Department of Labor, EmploYEUent and Earnings, p. 43, SIC 

2032-5, 7, was recorded for the period 1951-196lh The 1964 actual wage was 

then extended backward proportionately with this index series. A final 

series, expressed in index form, 1974=lnO, is reported on Table C9, column 

(1). This wage index increases substantially and monotonically over the 

24-year sample period. The 1974 cannery wages are nearly 320 percent higher 

than the 1951 wages. 

Drum 

A monthly and annual index of prices for 55-gallon barrels is reported 

in the Wholesale Price Index series, U.S. Department of Labor. But the 55

gallon barrel classification was begun only recently, and a larger class 

index, "barrels, drums, and pails," was used instead. During 1951-1953, the 

"metal containers" class was used. The index series, given on Table C9, 

column (2), was converted to an actual price series by multiplying it with 

recent barrel prices. 

Electricity and Gas 

Wholesale price index series were also employed in conjunction with 

current actual prices to construct 1951-1974 actual price series for 



TABLE CB 

Sul!Dilary of Annual Per-Acre Costs to Produce Processing Tomatoes, Weighted Average of Selected Six-County Area, 

California, 1951-1974, Owner-Operator and Share-Lessee, Assuming 1973 Production Technology 


(1) J.21_ (3) (4) (5) (6) (7) (8) (9) (10) 

Owner operator Share lessee 
-.

Total Total 

Principal 
 Miscellaneous Rent Principal Miscellaneouscash Fixed cash Fixed 

Year costscash costs cash costs imputation costs cash costs cash costs Rent costscosts 

dollars dollars 

255.84 54.21 320.00 255.84 44.85 67.70 368.39 

1952 

1951 
 9.95 

55. 77 
 46.14 373.45 

1953 


263.20 13.00 331. 97 
 263.20 64.11 
50.78 332.97 


1954 

239.63 14.48 304.89 239.63 42.01 51.33 
237.87 50.40 294.38 237.87 41.70 47.76 327.33 


1955 

6.11 

50.34 339.06237.55 13. 63 
 301.52 237.55 41.64 59.87 ..1956 
 240.75 22.47 314.23 42.20 60.79 343.74 

1957 


51. 01 240.75 
240.99 51.07 29.85 42.25 45.89 329.12 


1958 

321. 91 
 240.99 

240.97 42.24 53.74 336.95 

1959 


240.97 51.06 18.06 310.09 
336.23 


1960 

247.33 52.41 247.33 45.5436.68 336.42 43.36 
251. 46 
 53.28 33.54 44.08 57.40 352.94 


1961 

338.28 251. 46 


45.34 59.59 363.60 

1962 


258.67 54.81 28.86 342.34 258.67 
52.44 34.85 43.39 72.49 363.38 


1963 

247.50 334.79 247.50 

249.99 43.82 73.38 367.19 

1964 


249.99 52.97 40.90 343.86 
94.12 386.39 


1965 

248.68 52.70 46.94 348.32 248.68 43.59 

108.01 449.90 

1966 


61. 64 
 53.38290.90 405.92 290.90 50.99 
445 .53 


1967 

52.74 91.93300.86 63.75 66.56 431.17 300.86 

460.52 

1968 


298.21 298.21 52.28 110.0363.19 58.92 420.32 
126.33 510.74 


1969 

57.34327.07 69.31 75.72 472.10 327.07 

499.79 

1970 


342.48 342.48 60.04 97.2772.57 91.05 506.10 
91.12 499.98 


1971 

347.88 73.72 88.06 347.88 60.98509.66 

547.91 

1972 


367.33 77 .84 
 367.33 64.39 116.1958.70 503.87 
113.57 546.52 


1973 

64.58368.37 55.51 368.3778.06 501.94 

679.28 

1974 


80.40 140.24. 458.64 458.6497.19 94.09 649.92 
819.4692.70 197.95528.81 108.69 528.81112.05 749.55 

54.67 (depr.)57.53 (depr.) 
27.68 	(int. @ 7%) 

al · 
27. 68 (int.) 

36.2.J!I (mgint.) 36. 2.s= (TI\&!!!t.) 
113.60 (total)119.66 (total) 

,!!I Management charge is figured as 2.5 percent of revenue (25 tons per acre times $50 per ton). 
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TABLE C9 

a/
Indexes- of Input Prices and Total Non-Raw-Product Costs to Process Raw 

Tomatoes into Bulk-Packed Tomato Paste (32 percent), California, 
1951-1974, Assuming 1974 Production Technology 

J.l) (2) (3) (4) J.5) (6) 

~r Labor Drum Electricity Gas Hauling 
Total non-raw 
product cost 

original 
units hour drum KWH therm ton 

dollars 
...12!"r ton 

1951 

1967=100 

53.96 72.05 101. 74 62.32 45.80 61.80 
1952 55.40 72.59 102.57 64.18 48.09 63.00 
1953 57 .91 75. 74 102.78 66.72 50.49 65.80 
1954 58.99 76.26 105.58 67.33 53.01 67.00 
1955 61.87 79.18 100.60 69.07 55.66 69.50 
1956 65. 47 84.85 97.69 71.44 58.44 73.60 
1957 67.63 92.53 99.04 71.86 61.36 78.30 
1958 69.78 98.80 99.70 76.07 64.43 80.40 
1959 73.02 95.83 100.10 82.95 67.55 83.40 
1960 77 .34 91. 72 101.19 87 .21 71.03 83.60 
1961 81.29 91.47 101.69 88. 71 74.58 85.20 
1962 84.17 91.47 102.08 89.15 78.31 86.70 
1963 85.97 93.25 101.29 91.85 82.23 89.10 
1964 87.44 94.12 100.40 90. 73 86.34 90. 70 
1965 91.48 96.44 100.10 92.82 90.66 93.80 
1966 94.17 98.31 99.60 96.71 95.19 96.60 
1967 100.00 100.00 100.00 100.00 100.00 100.00 
1968 101. 67 103.65 100.89 92.67 104.81 102.50 
1969 108.65 107.68 101.99 93.27 103.94 105.30 
1970 124.92 114.43 104.77 103.29 103.06 111.90 
1971 134. 95 120.50 113.60 108.00 114.00 119.80 
1972 144.65 127.20 121. so 114.10 112.04 124.30 
1973 154.84 129.20 129.30 126.70 130.63 133.50 
1974 174.19 148.91 155.57 157.47 138.07 151. 20 

~! 	 Tomato paste input price and per-ton raw equivalent processing cost 
series have not been reported in actual dollars to protect the con
fidentiality of the cooperative which assisted us in this study. 
Those interested in obtaining access to this data may contact Tri/ 
Valley Growers, San Francisco, California. 

Sources by column: 

(1) 1951-1963: U.S. Dept. of Labor, Employment and Earnings, States 
and Areas [BLS (SIC 2032-5,7]. 

1964-1974: Tri/Valley Growers. 
(2) 1951-1953: U.S. Dept. of Labor, Wholesale Price Indexes, "Metal 

Containers." 
1954-1974: Ibid. , "Barrels, Drums, and Pails," 

(3) 1951-1957: Ibid., "Electricity." 
1958-1974: Ibid., "Electrical Power," 

(4) 1951-1957: Ibid., "Gas." 
1958-1974: ~. "Gas Fuels, 11 

(5) 1951-1965: Discount 1966 value by 7 percent annually: California 
Trucking Association estimate. 

1966-1974: Tri/Valley Growers. 
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electricity and natural gas. Index series used were "electrical power" and 

"gas fuels" for 1958-197l1 and "electricity" and "gas" for 1951-1957. These 

are reported on Table C9, co).umns (3) and (4). The 1953-197lf series for 

both goods teflect prices at different points in the transmission system 

than the 1951-1957 series. Thus, 1957-1953 price changes reflect these al

terations in series definitions. 

Tomato Hauling 

An index of 1966-1974 tomato hauling costs per barrel of paste was 

provided by the cooperative under study. These were average rates for all 

tomato canneries. For the period 1951-1965, an index of annual ton-mile 

hauling costs by truck was sought for processing fruits and vegetables. But 

no truck rate series of any sort could be uncovered without lengthy digging 

in Public Utilities Commission files, where records of charges by regulated 

1/carriers are kept.- Acting on the statement of a PUC official that hauling 

rates in the 1950 1 s increased an average of 5 percent annually, the 1965-1974 

series was moved back to 1951 by 5 percent annual increments. This process 

negatively biases the variance of hauling rates because the series 1951-1964 

has no variance around its 5 percent trend. The trend variance of total 

nontomato costs of bulk paste are therefore slightly negatively biased frora 

this source. 

Total Cash Costs 

An index series of total processor nontomato cash costs is reported in 

Table 3.1, Section IV, column (9). 

!/ Suitable indexes of general transportation rates were also unavailable. 
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APPENDIX D 

Procedures for Constructing Historical 
Series of Revenue Variables 

U.S. Wholesale Prices of Consumer-Size Tomato Sauce (HPtr )
see 

The procedure used to construct a tomato sauce price series was as 

follows: 

(a) The average realized price of catsup, f,o,b, plant, California, 

in 24/14 oz, cases was converted to an index in Table Dl, columns (1) and 

(2). 

(b) The April, 1975 retail price of 32 oz. jar spaghetti sauce produced 

by the distributor studied was obtained at a superr.:iarket, Typical canned 

tomato markups at retail (21 percent) and wholesale (14 percent), as reported 

in National Commission on Food Marketing and U.S.D.A., Market and Transporta

tion Situation, were applied to this figure to estimate the 1975 price per 32 

oz. jar of spaghetti sauce at plant. Assuming sauce and catsup prices have 

moved closely together, the 1975 sauce price was then multiplied by the catsup 

price index series to obtain a historical spaghetti sauce series, Table Dl, 

column (3). Since the purpose is to estiMate the probability moments of 

sauce prices, it makes no difference whether this sauce was sold in its pres

ent form in 1951. It is sufficient to know how its prices would have behaved 

had it been produced then in its present form. Such information is assured 

by the assumption of similarity between catsup and sauce prices because it 

is k.nol-m that the catsup price series refers to a standard product, 

(c) The next step was to calculate the transformation represented by 

the coefficient y in the distributor and cooperative profit functions, Tables 

3.2 and 3.3. This transformed series expresses distributor sales revenue per 



TABLE Dl 


Procedure for Calculating Tomato Sauce Revenue of the Distributor/Reprocessor 


Fiscal 
year 

(1) 

Average price of 
catsup, F.O.B. 
plant, California 

(2) 

Index of 
catsup 
prices 

_{3) 

Imputed price of 
spaghetti sauce, 
sauce plant 

I 
(4) 

Imputed price of 
spaghetti sauce, 
sauce plant 

(5) 

Imputed price of 
spaghetti sauce, 
sauce plant 

(6) 

Imputed value of 
spaghetti sauce, 
sauce plant 

<U 
Imputed value 
spaghetti sauce, 
sauce plant, 
yield constant 

dollars per 24/14 
oz glass fancy 1967=100 

dollars per 32 
oz jar 

dollars per 55 
gal barrel (32%) 

dollars per 

(MPtr ) raw see 

ton dollars per acre 
- a 

(MVsee) 

dollars per 
a 

(MVsce) 

acre 

1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 

3.57 
3.04 
3.20 
3.39 
3.75 
3.55 
3.32 
3.16 
3.20 
3.34 
3.44 
2.98 
3.13 
3.36 
3.75 
3.86 
4.14 
3.98 
4.09 
4.30 
4. 39 
4.60 
4.97 
7.22 

86.23 
73.43 
77. 29 
81.88 
90.58 
85.75 
80.19 
76.33 
77.29 
80.68 
83.09 
71. 98 
75.60 
81.16 
90.58 
93.24 

100.00 
96.14 
98.79 

103.86 
106.04 
111.11 
120.05 
174.40 

.2020 

.1720 

.1811 

.1918 

.2122 
• 2009 
.1879 
.1788 
.1811 
.1890 
.1947 
.1686 
.1771 
.1902 
• 2122 
.2185 
.2343 
.2253 
.2315 
.2433 
.2485 
.2603 
.2813 
.4086 

432.280 
368.080 
387.554 
410.452 
454.108 
429.926 
402.106 
382.632 
387.554 
404.460 
416.658 
360,804 
378.994 
407.028 
454.108 
467.590 
501.402 
482.142 
495.410 
520.662 
531. 790 
557.042 
601. 982 
874.404 

258.850 
220.407 
232.068 
245.780 
271.921 
257.440 
240.782 
229.121 
232.068 
242.192 
249.496 
216.050 
226.942 
243.729 
271.921 
279.994 
300.241 
288.708 
296.653 
311. 774 
318.438 
333.558 
360.468 
523.595 

4,519.52 
3,588.23 
4,534.61 
4,269.23 
4,532.92 
4,500.05 
3,891.04 
4,098.97 
3,367.31 
4,318.28 
3,924.57 
4,191.37 
4,609.19 
5,591.14 
5,696.74 
5,574.68 
5,311.26 
6,415.09 
6,642.06 
7,460.75 
7,419.61 
8,495. 7.2 
8,110.53 

12,519.16 

5,088.99 
4,333.20 
4,562.46 
4,832.03 
5,345.97 
5. 061. 27 
4,733.77 
lr,504.52 
4,562.46 
4, 761.49 
4,905.09 
4,247.54 
4,461.68 
4, 791. 71 
5,345.97 
5,504.68 
5,902.74 
5,676.00 
5,832.20 
6,129.48 
6,260,49 
6,557.75 
7,086.80 

10,293.88 

Sources by column: 

(1) 	 Food Production/Management. 
(2) 	 Column (1) f 4.14. 
(3) 	 Imputed 1975 price per pound F.O.B. sauce plant ($.4086/lb.) is divided by 174.40 to obtain 1967-68 base year value $.2343/lb. 

Remaining series constructed by multiplying .2343 by column (2). Imputed price $.4086 calculated from retail shelf prices and 
assumed markups reported in National Commission on Food Marketing and Marketing and Transportation Situation. 

(4) Column (3) times 2140. Factor 2140 obtained as follows: (a) 55 gals paste (32% solids) = 535 lbs; (b) 535 x .32 = 171.2 lbs 
solids; (c) 171.2 x 12.5 = 2140 lbs sauce @8% solids, 

(5) Column (4) f 1.67. Factor 1.67 is tons tomatoes per 55 gal barrel 32% paste, when tomatoes average 5.46% solids. 
(6) Column (5) times six-county yields (column 2, Table 3,1), 
(7) Column (5) times 19.66 (mean of six-county yields, 1950-1974). 
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unit of bulk paste sold to it by the cooperative (Table Dl, colunm (4)). 

Calculation of the transformation factor y is eJ~plained on Table Dl, foot

note 4. 

(d) As explained in Section II, the cooperative is thour;ht for our 

purposes to sell bulk paste in terms of equivalent tons of raw tomatoes. 

This facilitates calculation of cooperative net margin since coop inputs 

are also expressed in these terms; it also simplifies calculation of the 

sales-minus price paid to growers, which is expressed in tons of raw toma

toes. Column (5), Table Dl, records the imputed historical prices of sauce 

per ton equivalent raw tomatoes (HP
tr 

).see 

m1en column (5) is multiplied by 19.66, the historical mean of six-

county tomato yields, one obtains column (7), the per-acre rnarket value of 

tomato sauce 01Va ) which, however, contains no randmn yield component.
see 

Column (7) is appropriate for estimating the probability moments of coopera

tive sales-minus sales revenue, provided the coop contracts to sell a fixed 

number of tons of bulk paste. This is because sales revenue from a tonnage 

contract will not vary with yield fluctuations. If instead the coop con

tracts to sell all the bulk paste produced from a certain number of acres, 

sales revenue is best expressed by multiplying MPtr 
by random yields, i.e.,

see 

the actual historical yield series. That is accomplished in column (6). 

U.S. 	Wholesale Prices of California Ilulk-Packed 

Tomato Paste (HPtr )
pst 

A collection of tomato paste price series from a number of sources, and 

for a number of container sizes and percent solids, is found in Table D2. 

Figures in parentheses at colurnr. headings are tomato solids as percentages 

of total weight. These series were compiled by recording weekly price quotes 

and taking their simple averages over fiscal years. The averages are not 



TABLE D2 

Annual Average Tomato Paste Prices, California, 1951-1974, by Container Size and Percent Solids 

(1) (2) (3) (LU_ (5) (6) (7) (8) (9) 

Fiscal 6/10'~/ 6/lO'sE./ 6/10' s 55-gal drums Ratio column (6) Ratio column (6) Ratio column (6) 
year 48/6 oz 96/6 oz (26%) (26%) (32%) (32%) to column (3) to column (2) to column (5) 

dollars per case $/drum • 
1951-52 4.375 7.487 6.852 
1952-53 3.843 6.695 5.848 
1953-54 3.737 6.128 5.523 5.51 
1954-55 3.845 6.968 5.818 5.80 
1955-56 3.835 7.273 7.064 7.32 
1956-57 3.500 7.057 7.276 6.99 
1957-58 3.480 7.100 6.004 5.74 
1958-59 - 7.090 5.345 5.05 
1959-60 - 6.870 5.493 5.53 
1960-61 - 7.840 6.523 6.63 ... 
1961-62 - 8.694 7.589 7.75 9.052 
1962-63 - 7.196 6.208 6.00 -
1963-64 - 8.161 6.412 6.11 7.990 106.380 16.592 13.035 13.315 
1964-65 - 8.219 6.404 6.53 7.948 107.800 16.834 13.116 13.564 
1965-66 - 9.656 8.646 8.75 9.886 146.600 16.956 15.182 14.830 
1966-67 - 9.990 9.361 9.63 10.806 125.050 13.359 12.518 11.572 
1967-68 - 11.125 10.875 10.88 12.183 163.850 15.067 14.728 13.449 
1968...;69 - 10.657 8.641 8.31 11.338 122.591 14.330 11.618 10.921 
1969-70 - 10.600 6.973 6.68 9.350 89. 796 12.922 8.500 9.637 
1970-71 - 10.119 7.404 7.53 9.521 94.126 12.323 9.017 9.583 
1971-72 - 10. 477 8.152 8.49 9. 700 107.325 12.437 9.677 10.453 
1972-73 - 11.081 8.627 - ? 113.522 12.289 9.568 -
1973-74 - 12.021 9.910 - ? 127.615 12.210 10.066 -
1974-75 - - - - - - - -
a/ Averages of weekly prices.

F./ Series reported in King, Jesse, and French, averaging quarter-ending prices only. 


Sources by column: 

(1) Commercial Bulletin. Percent solids were not reported. 
(2) _Canning Trade. Percent solids were not reported. 
(3) Pacific Fruit News: averages from weekly data (52 weeks). This series was calculated by the author. 
(4) Pacific Fruit News: averages from quarter-ending weekly data (4 weeks), 
(5) Pacific Fruit News: weekly averages. 
(6) Tri/Valley Growers. 
(7)-(9) Derived. 
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weighted by seasonal changes in shipment volumes. For comparison, the price 

series for 6/lO's, 26 percent, reported in King, Jesse, and French, pp. 121

122, is listed alongside our own series for this product. The two series 

differ because of our series averages price quotes from each week of the 

year whereas the King, Jesse, and French series averages price quotes from 

the first week of January, April, July, and September only. 

Since the present study's purpose is to estimate the probability of 

prices of 32 percent tomato paste packed in SS-gallon drums, it would be 

possible to go inunediately to column (6) for this purpose. The sample size 

for this series, however, is uncomfortably short to accommodate statistical 

tests for the price predictive power of another variable, such as time or 

inventory levels. Thus column (6) has been extended backwards in time by 

establishing a statistical correspondence between bulk paste prices and 

prices of another case size with longer history. Since bulk paste, espe

cially in containers larger than #12's (gallon), were not in general use 

during the 19SO's, the result of this extension is a series of hypothetical 

prices for bulk paste had such container sizes been generally used. This 

technique is legitimate when the purpose is to estimate a probability dis

tribution for use in predicting future price variability, providing the 

statistical correspondence used to extend the series is valid and that past 

price fluctuations or cyclical behavior will be repeated in the future. 

In order to extend the 55-gallon price series backward, the ratio series 

of 55-gallon to 6/10, 26 percent prices was regressed against time. The 

regression results were 

Y = 17.28 - .526T 
(30.03) (-6.21) 

where Y is the ratio series and T is time. The t-values, given in parenthe

ses, indicate a stable relationship between the two price series composing Y. 
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Employing the ratio column (6)/column (3) = 17.28, therefore, and observing 

an annual trend in this ratio of -.526, column (6) in Table D2 was extended 

back from 1963-19611 to 1951-1952. The extended series is given in column,. 

(1) , Table D3 •• 

It is a simple procedure from this point to express prices of SS-gallon, 

32 percent paste in tenns of equivalent tons raw tomatoes. Approximately 

.5983 of a SS-gallon barrel of paste, which weighs approximately S35 pounds, 

is produced from oue ton of tor,iatoes containing 5.46 percent tomato solids. 

The reciprocal of .S988 is therefore the paste-to-raw-tomato conversion 

factor x as represented in the cooperative and distributor profit equations, 

Tables 2.2 and 2.3. Multiplying the .S988 transformation factor by prices 

per 55-gallon barrel, one obtains prices per equivalent ton tomatoes (l·l:Ptrt)ps 

as reported in column (2), Table D3. Acre-value series are then formed in 

column (3), (4) as in Table Dl. 

aNontomato Farmer Revenue (REVF t )
n om 

A simplified nontomato crop pattern for Central Valley tomato growers 

has been formulated with acrear;e weights .5 for corn, .3 for wheat, .2 for 

beans. The exact nontoraato acreage is not important at this point because 

this can be varied in the main expected utility and E-V programs. 

Table D4 records price and yield histories of these three crops in 

California. Wheat and bean price series represent the price per bushel or 

hundredweight that was realized at farm. Corn prices are quoted at Stockton. 

There was little available data on pink beans as such; resort was made to 

"all bean" prices and "all nonlima bean" yield reports. For each crop a 

revenue-per-acre .series is calculated by multiplying pric~ per unit times 

unit yield per acre. Employing the crop weights listed above, a weighted 

average revenue per acre was then formed (colunm 10). 
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TABLE D3 


Computation Procedure Used to Estimate Average Annual Market Value of Bulk-Packed 

Tomato Paste Produced from One Acre of Processing Tomatoes, California, 1951-1973 


{l.) .(2) 	 J3) (4) 

Year 

Market price 
and imputed 
market price 
55 gal paste 
(32%) 

Market. price 
of 5~ gal paste 
(32%), per ton 
raw equivalent 
(5.46% solids) 

Market valuJ!I Market valur}~/ 
of 55 gal paste of 55 gal paste 
produced from produced from 
one acre (actual one acre (average 
six-county yields) six-county yields) 

i 

1951 

dollars ier barrel · dollars ier ton raw dollars _I>_er acre 

113.678 68.070 1,188.50 1,338.26 

1952 97.019 58.095 945.79 1,142.15 

1953 91. 636 54.872 1,072.20 1,078.78 

1954 96.529 57.802 1,010.38 1,136.39 

1955 117.199 70.179 1,169.88 1,379.72 

1956 120.709 72.280 1,263.45 1,421.02 

1957 99.614 59.649 963.93 1,172.70 

1958 88.678 53.100 949.96 l,043.95 

1959 91.136 54.572 791.84 1,072.89 

1960 108.220 64.802 l,155.42 l,274.01 

1961 125.911 75.395 1,185.96 1,482.27 

1962 103.000 61. 676 1,196.51 1,212.55 

1963 106.380 63.700 1,293.75 1,252,34 

1964 107.800 66.551 1,526.68 1,308.39 

1965 146.600 87.784 1,839.07 1,725,83 

1966 125.050 74.880 1,490.86 1,472.14 

1967 163.850 98.113 1,735.62 1,928.90 

1968 122.591 73.407 1,631.10 1,443.18 

1969 89.796 53. 770 1,203.91 1,057.12 

1970 94.126 56.363 1, 348. 77 1,108.10 

1971 107.325 6li.266 1,497 .4.0 1,263.H 

1972 113.522 67.977 1, 731.37 1,336.43 

1973 127.615 76.416 1,719.36 1,502.34 

mlsee 

'B/ mr!ce 


Sources by column: 


(1) 	 1951-1962: derived from index of prices of 6/10 paste, 26%, Table DZ, column (3). 
1963-1974: T~i/Valley Growers. 

(2) 	 Column (1) tiDies .5988, the number of barrels of 32% tomato paste produced from 
one ton of tomatoes at 5.46% solids. 

(3) 	 Column (2) times six-county yields, Table 3.1, column (2). 
(4) 	 Column (2) times 19.66 (1951-1974 mean of six-county yields). 



TABLE D4 

Average Annual Prices, Yields, and Per-Acre Revenues Earned from Corn, Wheat, and Dry 
Edible Bean Cultivation, California, 1951-1974 

(1) (2) (3) (4) (S) (6) (7) (8) (9) (10) (11) (12) 

Corn Wheat Beans 

Wght Ave Wght Ave Wght Ave 
revenue cash cost fixed cost 
per acre per acre per acre 

Year Price Yield Revenue Price Yield Revenue Price Yield Revenue (REV~TOM) (VC~OM) (FC~TOM) 
dollars bushels dollars dollars bushels dollars dollaf cwt dollars 
per bushel per acre per acre _p_er bushel per acre _£_er acre _£_er cw _p_er acre _p_er acre dollars ;er acre 

1951 2.26 34 76.84 2.23 17 37 .91 9.00 13.41 120.69 73.93 
1952 2.03 35 71.05 2.25 21 47.25 10.10 12.55 126.75 75.05 
1953 1.98 36 71. 28 2.12 19 40.28 9.70 13. 77 133.57 74.44 
1954 1.93 48 92.64 2.15 20 43.00 9.00 13.29 119.61 83.14 
1955 1.85 66 122.10 2.06 21 43.26 8.20 11.96 98.07 93.63 
1956 1.68 67 112.56 2.00 21 42.00 8.00 13.11 104.88 89.86 
1957 1.57 74 116.18 2.11 22 46.42 8.40 12.21 102.56 92.53 
1958 1.54 73 112.42 1.80 22 39.60 8.50 12.58 106.93 89.48 
1959 
1960 

1.52 
1.48 

73 
75 

110.96 
111.00 

1.79 
1.80 

23 
22 

41.17 
39.60 

8.90 
10.10 

13.06 
12.26 

116.23 
123.83 

91.08 
92.15 ' 

1961 1.50 72 108.00 1. 96 27 52.92 9.80 12.93 126.71 95.22 
1962 1.54 75 115.50 2.01 30 60.30 8.90 13.36 118. 90 99.62 
1963 1.58 77 121.66 1.90 24 45.60 9.50 14.73 139.93 102.50 
1964 1.61 83 133.63 1.45 26 37.70 9.60 13. 75 132.00 104.52 
1965 1. 58 89 140.62 1.46 26 37.96 11.30 13.45 151. 98 112.09 
1966 1.60 92 147.20 1.56 27 42.12 10.70 13. 78 147.45 115.73 
1967 1.45 84 121.80 1.45 33 47.85 14.20 12.68 180.05 111.26 
1968 1.51 95 143.45 1.36 33 44.88 11.00 13.67 150.37 115.26 
1969 1. 59 92 146.28 1.45 34 49.30 10.19 11.30 115.15 110.96 
1970 1. 73 98 169.54 1.43 45 64.35 10.14 13.20 133.84 130.84 
1971 1.66 94 156.04 1.63 47 76.61 11.30 13.20 149.16 130.83 
1972 1. 75 I 100 175.00 1. 72a/ 48 82.56 12. 79 18.00 230.22 158.31 
1973 
1974 

2.471! 
3.47 

109 
107£/ 

269.23 
343.47 

2.7~/
4.24

49 
48 

132.79 
158.88 

33.25 
32.17 

19.50 
14.43 

648.37 
464.21 

304.13 
312.24 219.99 36.30 

'!.I First 8 months only. PJ June, 1974. s_/ Early estimate. 

Sources by column: 

(1) Agricultural Statistics, Stockton price, #2 yellow. 
(2) Op. cit., California yields. 
(3) Column (1) times column (2). 
(4) Agricultural Statistics, average California winter wheat price. 
(5) Op. cit., California yields. For 1973-1974, see "Crop Production: Wheat," SRS, USDA, 2/23/75. 
(6) Col\.Ulln (5) times column (6). 
(7) Agricultural Statistics, "All Beans, California." For 1969-1974 see "California Market Sununary," Federal-State Market News Service. 
(8) Op. cit., "Other Beans, California." For 1969-1974, see "Annual Dry Bean Sununary," California Crop and Livestock Reporting Service. 
(9) Column (7) times column (8). 

(10) The weights employed are: Corn, .5; Wheat, .3; and Beans, .2. 
(11)(12) Agricultural Extension Service, 1974, cost study for Sacramento Valley. 
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Note on Price Deflation 

A true measure of financial risk must isolate inflationary from real 

sources of random fluctuation. Expected levels and fluctuations of a price 

variable which are due to expected levels and fluctuations of all prices are 

not a concern to the business decision maker because these are purely nomi

nal effects and do not represent changes in real value or real profit. The 

temporary state of the economy in 1975 in which inflation was associated 

with a fall in average real income does not contradict this statement; any 

historical or prospective change in real national income which influences 

real changes in our price variables is ipso facto included in this analysis. 

An irmnediate advanta~e of real price series is that spurious correlations 

are avoided between variables that are not intrinsically related but partici

pate only in the same general price movements. 

Real price series have been calculated in this study by <lividing all 

price series by the Wholesale Price Index reported by the U.S. Department of 

Labor. The wholesale index was preferred to the retail because prices 

analyzed in this study occur at wholesale market levels. The wholesale 

index series was converted to a base 1974=100 in order to render the current 

decision situation more meaningful. 
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