AN ABSTRACT OF THE THESIS OF

WALTER JOSEPH ARMBRUSTER for the DOCTOR OF PHILOSOPHY

(Name of student) (Degree)
in Agricultural Economics_ presented on May 27, 1970
(Major) (Date)

Title: SIMULATION OF FARM BARGAINING BOARD POLICIES

IN THE WESTERN LATE POTATO SYSTEM

Abstract approved: -

Leon Garoian

lThe National Agricultural Bargaining Act of 1968 proposed
creation of farm bargaining boards at the request of and referendum
approval by producers of a given commodity. This proposal provided
the legal framework assumed in this analysis of a bargaining board
in a commodity system. The objective of bargaining boards as pro-
posed is to provide producers with more effective bargaining power
as a means of negotiating more favorable terms of trade.

Theoretical sources of bargaining gains under a board were
specified in the research, and control of total production and alloca-
tion of production into difierent uses were selected as the most
promising sources of bargaining gains: To test the results of
implementing a bargaining board in a commodity system, the western
late potato system was chosen for analysis, Results of several

economic studies dealing only with portions of the potato



production-marketing system were examined. Due to their inade-
quacies, an economic model of the complete potato system was
developed and the interrelationships estimated statistically. A
simulation model of the economic system was constructed. The
simulation model consisted of a production sector composed of five
production units and a marketing sector incorporating five alternative
uses for potatoes, A Fortran program of the simulation model was
used in computer tests of alternative bargaining board policies in

the western late potato system. .

Operational goals for a bargaining board were specified and
evaluated on the basis of effects on the average level of variables
important to the western late potato industry. Of the policies tested,
the acreage increase policy and the gross revenue increase policy
gave results most favorable to western late potato producers. The
results obtained imply that establishing a bargaining board in the
western late potato industry could result in higher gross returns
per unit of potatoes 'producea compared to the results of the system
as it currently operates. The gains would come at the cost of re-
stricting resource use in the system.

Assuming that the western late potato system is representative
of commodity systems possessing characteristics conducive to bar-
gaining board gains, the conclusion is reached that bargaining boards

offer a policy tool which can lead to results more desirable for



producers than those obtained under the system operating without
interference. The types of bargaining board actions and the extent
of gains are limited by the supply and demand characteristics of
the particular commodity system. The costs of operating a bar-
gaining board need to be researched to allow evaluation of the net
effect of establishing a bargaining board. A decision to implement
bargaining boards as a policy tool for U.S. agriculture should be
based on additional research into some of the noneconomic factors

affecting the assumptions upon which this analysis is based.
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SIMULATION QF FARM BARGAINING BOARD POLICIES
IN THE WESTERN LATE POTATO SYSTEM

I INTRODUCTION

An income problem and an inefficient allocation of resources,
each resulting from numerous interacting forces, are the two major
components of the persistent problem faced by commercial farms
(Cochrane, 1958). A variety of farm programs have been used in
attempting to deal with the problem. But federal management of
farm prices designed to sustain farm income through activities and
controls such as price support, surplus disposal, and production
control have generally failed to achieve the desired results. This
conclusion is evidenced by falling farm income, thé exodus of small
farmers, overproduction, and rising federal expenditures for price
support, storage, and surplus disposal (U.S. Agricultural Policy,
1963; Hathaway, 1963, p. 293). These resultsledtoprogram modi-
fications in the latter part of the 1960's designed to decrease pro-
duction incentives and increase movement of surpluses through com-
mercial international channels. Consequently, formerly burdensome
stocks have dwindled to the point of approaching minimum desirable
levels for many commodities included in the programs.

Freeman claims that the Emergency Feed Grain Act of 1961



and the Agricultural Acts of 1961 through 1964 prepared the way

for the Food and Agricultural Act of 1965. The 1965 legislation

set up voluntary pfograms through 1969 enabling farmers to act
together in an effort to effectively control production. Some suc-
cesses noted include reduction of surpluses and rising farm incomes,
but many other factors also contributed to these results (Freeman,
1968, p. 4). The emphasis on voluntary programs reflects in-
creasing interest in reducing treasury costs and exploiting market
supply~demand conditions. Despite its similarity to previous legis-
lation the Agricultural Act of 1965 emboaies some important shifts
toward greater program flexibility. Provisions for pricing grains
and cotton around world market levels, with farm incomes main-
tained by direct payments to cooperators, exemplify this shift.

Such pricing practices move the government a big step toward

", . . a role of referee in the market place rather than an active

participant.' (Daly, 1969, p. 46)

Declining Farm Influence

The waning political power of farm interests will lead to
greater stress on general society goals in farm programs. The
problem will be to help farmers maintain adequate incomes while

protecting consumer interests.



The over-all objective of our commodity programs

after 1969 should be to provide adequate food and

fiber at a minimum social cost. The term 'adequate'’

refers to the quantity, variety, and quality of farm

products. The term 'social cost' refers to a reasonable

compromise of taxpayer costs, consumer costs, and

farm income. (Tweeten, 1968b, p. 149),

It is doubtful that the types of programs used in the past,

and even more importantly the goals which these programs sup-
ported, will be appropriate as the policital power of farm interests
continues to decline,

Society's goals for the cheapest possible food have not sig-
nificantly changed, but the foods demanded are much changed over
earlier periods and the effects on farmers are profound. Inclusion
of greater quantities of marketing services in foods sold at retail
have made farm-level demand increasingly more inelastic, forcing
the major burden of clearing markets onto adjustments in
production (Brandow, 1966, p. 1323). The pressure for a more
orderly supply of specified-quality agricultural products, arising
from trends toward mass distribution and input requirements of
food processors, have led to a market orientation in the food indus-
try. Production is now geared to the market rather than the market
taking whatever the farmer produces. There have been accompany-

ing changes in the decision-making process and structure of the

market for agricultural products.



Production decisions are increasingly made upon the basis
of stimuli transmitted by direct methods of some form of vertical
integration rather than the traditional market price method
(Breimyer, 1965a, p. 8). Due to technological developments
in marketing which make vertical and horizontal integration so
attractive, departures from competitive markets are becoming
more the rule than the exception. Horizontal integration may result
in acquisition of power and a reduction in competition. Vertical in-
tegration creates more interdependence between the producer and
processor,

The: interdependence between the successive stages in

the production and marketing sequence is the crux of

the significance of marketing to agriculture . . . .

Interdependence is always an invitation to a contest

for advantage. (Breimyer, 1965b, p. 96)
Changes in the  institutions of the marketing system, as

when vertical integration or horizontal integration occur, may

result in a strategic advantage being gained by one party.

Lack of Bargaining Power

According to Cochrane (1968, p. 157), this shift in market
structure will result in a shift of bargaining power away from pro-
ducers. Contract production theoretically puts the individual
farmer in a position to bargain over terms of the contract. How-

ever, the generally much larger size of purchasérs with whom he
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contracts puts the producer at a relative disadvantage in bargaining
power and this is often blamed for lowering farm prices and in-
come,

Under these conditions, the individual farmer lacks the pro-
tection of his interests afforded by a competitive market structure.
Attempting to achieve some protection, farmers themselves have
integrated horizontally to form bargaining associations to conduct
negotiations with buyers. The appeal of bargaining associations
may be directly attributable to the growth of contracted production.
Bargaining associations apparently have been most successful in
commodity areas where processors contract most of the production
to assure their plants the desired volume and quality of raw material,

The lack of farmer bargaining power has brought forth ex-
pressions of concern on several fronts. The National Commission
on Food Marketing (1966, p. 110) stated:

There is frequent need for group action by farmers to

adjust sales more uniformly to market demands at

reasonable prices, to improve product quality and

uniformity, to negotiate with buyers, and to protect
themselves against trade practices and abuses of

market power to which they are otherwise vulnerable.

. » . Producers frequently are not able to coordinate

sufficiently their individual production efforts, or to

negotiate effectively with other buyers, by means of
cooperatives or under the usual marketing order or
agreement.

The Commission concluded that a new approach was needed and

proposed creation of Agricultural Marketing Boards structured to
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avoid problems which have historically plagued self-help programs.

Secretary of Agriculture Freeman also voiced concern and
proposed legislation to facilitate group action by farmers.

We've gone about as far as we can under existing

programs. Further progress toward parity of

income for farmers will depend primarily on what

they can do for themselves through group action--

on their ability to maintain supply-demand balance--

on their ability to show some economic muscle at the

bargaining table. (Freeman, 1967a, p. 5)
He pointed out the need for legislative action to help farmers be-
come price-makers rather than price-takers., The legislation
should create a legal climate to enable farmers to participate in
marketing decisions through self-~help collective actions.
(Freeman, 1968, p. 24).

The concern of the major farm organizations over the loss
of bargaining power is evident in their recent actions attempting
.to organize or facilitate bargaining activities. The expansion of
the National Farmers Organization into many parts of the country
indicates interest of farmers from a variety of geographic and
commodity areas in increasing bargaining power relative to pur-
chasers of their commodities. Methods of achieving bargaining
power and the economic potential of bargaining have been among the
most frequent program topics of annual farm group meetings in

recent years.

The growing concern of Congress over bargaining power



has become evident in proposed legislation incorporating many of
Freeman's ideas. The Agricultural Fair Practices Act of 1967L/
was designed to enhance bargaining power by eliminating some
unfair trade practices affecting agricultural producers and asso-
ciations of such producers. The National Agricultural Bargaining
Act of 1968£/ was designed to create a national collective bargain-
ing system for determining fair farm prices. It offered

two approaches toward providing greater economic

muscle for farmers, Title I of the bill enables

farmer-elected marketing committees to bargain

and negotiate with processors and other buyers

for decent and adequate prices on a commodity-by-

commodity basis, Title II makes all commodities eli-

gible for marketing orders, and provides for a broad

new range of power for farmers under market orders--

including collective bargaining for minimum price and

nonprice terms of sale of the particular commodity

involved. (U.S. Congress. Senate. 1968, p. 3090)

Thus, collective bargaining is increasingly suggested as an
alternative to government programs to deal with the price and in-
come problems for agriculture. Breimyer (1965b, p. 117) suggests

that mutual assistance through group action to assure fair treatment

for all individuals in agriculture may be necessary as direct

Y Introduced as Senate Bill S, 109 by Aiken of Vermont and passed

in amended form as Public Law 90-288 in April, 1968.

2/ Introduced as Senate Bill S, 2973 by Mondale of Minnesota.
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contact between producers and processors increases. The socio-
logical benefit to farmers participating in self-help bargaining

programs may make them preferable to government-operated pro-
grams, even though both are subject to the same economic limita-

tions (Tweeten, 1968a, p. 10).

Research Objective

There are several alternatives for increasing farmer bar-
gaining power through collective action. The objective of this
thesis is to evaluate farm bargaining boards, one of the alter-
natives, as a means of increasing farmer bargaining power.

In Chapter II the concepts of bargaining are defined and attempts

to gain such power are analyzed. The theoretical basis for farm
bargaining boards and potential sources of bargaining gains are
discussed in Chapter III, The choice of the western late potato
industry for-analysis of a bargaining board in a commodity system
is discussed in Chapter IV. Economic studies providing partial
information on interrelationships within the potato industry are
reviewed and an economic model is developed for evaluating actions
of a bargaining board in the system. A simulation model to be used
in the evaluation is developed in Chapter V and analyses of bargaining
board policies using the simulation model are undertaken in Chapter

VI. Chapter VII contains conclusions of the analyses and a discussion

of policy implications.



II FARM BARGAINING POWER

Market Power-and Bargaining Power

An important distinction must be made between bargaining
power-and market power, the two components of the economic power
sought by farmers, Market power may be defined as the ability
to alter terms of sale in the market (Farrell, 1968, p. 2). Orit
may be defined as the ability to initiate and maintain control over
such factors as market supplies, demand expansion, and market
competition to influence farm prices and income (Christiansen,
1963, p. 1). Market power is the ability to influence the outcome
of a transaction rather than merely accepting whatever terms are
forthcoming from the market.

The extremes of market power are represented by the
absolute power of monopoly or monopsony and the absolute lack of
power in pure competition. Most agricultural commodities are
sold in markets where neither of these extremes are present, but
some intermediate degree of market power exists on the part of
producers as well as processors, Producer market power may
result from producer organizations performing market functions,
including such things as product differentiation, or from self-help

programs such.as marketing agreements or orders, But many
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commodity producers have no organization or other methods of
achieving market power. Hence, the individual producers
approach the competitive norm of absolutely zero power and
generally deal with imperfectly competitive firms having much
greater market power.

Bargaining power, as distinguished from market power, is
the ability to haggle or negotiate with power to purposely obtain
more advantageous terms of sale in the market (Farrell, 1968,

p. 2). It is ''the ability to secure another's agreement on one's
own terms' (Chamberlain, 1965, p. 170) or

the ability to influence the results the other party will

experience., . . . The more favorable.you can make it

for him to accept your offer or themore unfavorable

you can make it for him if he refuses to accept and

refuses to bargain further, the greater is your bar-

gaining power., (Ladd, 1964, p. 14)

Bargaining power involves interaction between the parties in the
form of actual negotiations, while market power may be exercised
through unilateral action.

Ladd's (1964, p. 14) classification of bargaining power in
terms of its effect on the '"opponent' seems relevant to this study
since bargaining power is a relative concept dependent upon the
economic relationships between the parties involved in the particular

industry. Ladd's Type I bargaining power makes it advantageous

for the second party to accept the first's offer but does not penalize
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him for not accepting it. This ""opponent-gain'' power emphasizes
common interests and makes it possible for both parties to benefit.
Unless such gains arise entirely from increased efficiency, they
may come at the expense of the third party consumer.

Type II bargaining power is the ability to subject the other
party to added costs or losses if demands are not met, with the
amount of the possible penalty determining the extent of bargaining
power. This ""opponent-pain'' power emphasizes conflicts of in-
terest since any gains are extracted from one's opponent. One
party's gain is another's loss; but if the opponent's loss can be
passed on to the consumer, the difficulty of obtaining such gains
probably is lessened and again the consumer loses.

Both types of bargaining power would probably be employed
in each instance that bargaining benefits producers significantly.
Initially, Type I bargaining power would be used to achieve the
gains easiest to obtain. Rather than actual bargaining, such
gains may merely require exercising some elementary market
power to improve efficiency of the marketing system. For example,
bringing to the processors' attention the development of market
power by a producer group may be sufficient to achieve some modest
gains, Although product purchasers also would gain in the process,
resistance would initially be -encountered since the purchasers would

not have experienced the gains at the outset. Further, they will
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tend to view any modification of the status quo as an undesirable
encroachment on traditional ways of doing business.,

Type II bargaining power would then enter the picture after
the easier gains had been exhausted or had become inadequate as
a basis for achieving farmers' economic objectives. Gains at the
expense of the other party would be much more difficult to achieve
and probably require a better legal-institutional framework to
accomplish than the gains under Type I bargaining power. Although
existing self-help programs such.as marketing agreements or
orders and cooperative bargaining associations may be sufficient
to attain the majority of gains available under Type I bargaining
power, they lack the more stringent features probably needed to
‘attain most of the gains available under Type II bargaining power.
Enabling legislation setting up a complete bargaining system to
establish economic power is probably necessary to achieve Ladd's
Type II bargaining power.

Chamberlain c¢laims that bargaining power cannot be equalized
by legislation because bargaining power is dependent at least as
much on what each party seeks as on their coercive ability, and
what is sought is beyond legislative control. He claims that
coercive power, obtained by erecting costs of disagreement, is
only relative to the objective being sought (Chamberldin, 1965,

p. 188). But possibly there is merely an illusion that greater
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bargaining power exists when objectives are lower because the
amount of bargaining power needed is less and, hence, easier to
obtain,

Market power does not necessarily imply bargaining power
in the absence of legislative support and enforcement provisions.
Although the outcome of bargaining depends at least partly on the
market power of the negotiators, bargaining power can exist only
when there is another party with which to negotiate terms of trade.
Suppose that a bargaining association organizes within a market
where a marketing order exists, By virtue of the marketing order,
the producers will have some market power because they may set
qualit}} standards to keep off the market enough of the commodity
to raise market price to a more profitable level. However, it is
conceivable that the association could lack bargaining power be-~
cause processors refuse to negotiate with it as a recognized repre-
sentative of the producers., The processors could thus maintain a
-superior economic position relative to the individual farmers.

The introduction of the Agricultural Fair Practices Act of 1967,
aimed at discriminatory practices, indicates legislative concern
over such situations.

Achieving effective bargaining power has been the aim of
the legislative proposals mentioned previously. They are designed

to establish the necessary institutional and legal framework to
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facilitate producer use of market and bargaining power. The actual
establishment of the necessary legal and institutional framework
for bargaining requires political power to influence legislators

and public administrators.

Past Efforts to Attain Farm Bargaining Power

o

The existing institutional framework to aid farmers in ob-
taining countervailing power--bargaining power to counteract
that of the firms with which they deal--provides some means of
obtaining Type I and Type II bargaining power. One means of
obtaining effective bargaining power is through increased size
and scale of individual firms relative to the total market size,
since it may be argued that such power is chiefly a function of
market concentration., This is largely the means by which mar-
keting firms have gained positions of such superior economic
power compared to farms. Only extremely large farms relative
to the size of local markets can attain any noticeable economic
power,

If farmers are-unable to attain countervailing power indi-
vidually, then a number of them may be-able to gain it through
horizontal integration into a significant economic unit, Horizontal
integration efforts by farmers may include: voluntary programs

such as cooperative marketing, purchasing, or bargaining
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‘associations; and/or government aided and enforced programs
such.as marketing agreements or orders, and marketing boards.
Enabling legislation giving farmers the right to use group efforts
to-attain economic gains has existed for.a number of years and
includes: (1) the Clayton Amendment in 1914; (2) the Capper-
Volstead Act of 1922; and (3) the Agricultural Marketing Agreement
Act of 1937.

The marketing and purchasing cooperatives, as well as
marketing-agreements and orders, essentially rely on market
power-as a means of achieving .countervailing power. Marketing
orders and agreements may make limited use of bargaining power
in setting grading standards for different product uses. The
bargaining association relies on bargaining power in conjunction
with market power, while the marketing board relies on effective
bargaining power facilitated by a comprehensive legal and insti-
tutional framework to achieve countervailing power.

Establishing operating cooperatives is a means for farmers,
integrated horizontally into an association of producers, to integrate
vertically into the market for their commodity or supplies to obtain
market power, Any gains achieved are derived from reduced costs
or increased revenues from nonfarm activities.

In contrast to the vertical integration into physical operation

through the marketing cooperative, the bargaining cooperative
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involves horizontal integration of producers into a selling unit
which integrates vertically by negotiating terms of sale with
buyers rather than by undertaking physical operations. The
formation of a bargaining association creates a dominant seller
replacing many smaller ones.=3-/ Price negotiations are usually
the primary objective, but negotiations over secondary objectives
such as grading procedures; quality standards, and uniformity
of contract terms may actually result in greater benefits to
members.

Limitations to gains obtainable by cooperative bargaining
associations are determined by market conditions, ''The impacts
of cooperative bargaining are constrained not only by survival
conditions at the grower and processor levels but also by the
competitiveness of the -oligopsonistic buyers.' (Helmberger,
1965, p. 63). Competitiveness of the processing industry in the
finished product market and in the local buying markets, conduct
of processors in such markets, and the profits being earned by
processors are all important limiting factors. Legislation pre-
venting processors from paying higher prices to nonmembers than

to members would aid the cause of the bargaining association,

3/ Helmberger and Hoos (1965, p. 48-63) develop an economic

theory of cooperative bargaining.
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The bargaining cooperative suffers two major weaknesses--
voluntary membership and lack of control over production. Ladd
‘and Hallberg (1967, p. 18) found that the most important factor
affecting North Central Region Grade A milk cooperatives' bar-
gaining power was the portion.of the bottlers total milk require-
ments supplied by the bargaining cooperative. But nonmembers
benefit from negotiated prices without bearing costs, assuming
sufficient producers join the cooperative to make it effective. Given
the lack of control over production, any negotiated price increases
beyond a certain level will probably stimulate production of members
and nonmembers until the price is again reduced to lower levels.

Market power may also be obtained through government-
-enforced group-action in the form of marketing agreements and
orders. Successful use of these methods requires that the market
for a commodity can be segmented into parts having different
elasticities and that arbitrage can be prevented. Market segmenta-
tion may be based on different uses for the same commodity,
quality differences, or different seasonal demands. These market
discrimination programs may be useful for dealing with income
variability for products subject to-wide annual or seasonal varia-
tion in output. But the portion of total production under control of
the marketing order and the lack of control over production response

rare factors limiting the gains achieved. '"The inability of these
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orders to overcome the supply response problem limits effective-
ness prior to when farmers can attain the income equity position
sought by economic power' (Garoian and Youde, 1968, p. 6).

In addition to the self-help programs, a number of programs
involving direct government intervention in the marketing system
have been designed to increase the bargaining or market power of
individual farmers. Price support, trade regulation, and grading
programs directly affect the economic results the producer obtains
in -selling his commodity. Market news, outlook reports, and
other economic intelligence services are designed to increase the
farmer's bargaining power by furnisﬂing him some of the informa -
tion available to purchasers of his products. The additional gains
currently achievable by these means are difficult to determine
but probably are small in most cases.

Recent Attempts to Gain Farm Bargaining
Power

The growth of the National Farmers Organization (NFO),
whose avowed aim is to obtain farm prices high enough to cover
production costs, attests to the increasing farmer interest in
bargaining to achieve income gains and their despair with tradi-
tional approaches t{o group action. To join the NFO, farmers

must sign a three year membership agreement authorizing the NFO
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to: (1) represent members in collective bargaining over terms

of sale of the commodity; (2) negotiate contracts with purchasers
of members' commodities; (3) represent members in complaints
against processors. The acceptance of the NFO terms indicates
willingness of some producers to give up part of their individual
decision-making freedom as a prerequisite to obtaining the desired
bargaining power through group action.

Interest in bargaining was also evident in the support of all
the major farm organizations for the Agricultural Fair Practices
Act of 1967 (U.S. Congress. Senate. 1967). This legislation,
the first in 20 years on which all organizations were in agreement
(Mauch, 1968, p. 7), contained provisions to prohibit any handler
‘or processor from:

1, Interfering with a producer joining a cooperative.,

2. Discriminating against a producer because of
cooperative membership.,

3. Coercing a producer to terminate such membership,

4. Making false reports about, or interfering with,
cooperatives.

5. Conspiring with any other person to do any such act,

Farm organizations,political parties, and farmers themselves
seem to be in general agreement that farmers face a critical problem
in their lack of bargaining power. However, different approaches

to gaining this bargaining strength are favored by each of the three
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major farmer organizations.,

The Farm Bureau favors utilizing the price system and has
set up the American Agricultural Marketing Association to help
improve the economic power of farmers. This approach is aimed
at achieving market power-as a basis for bargaining power and
sets up at least part of the institutional framework to achieve
effective bargaining power. The NFO approach is more nearly
one of social cor;flict in the form of a threatened strike or holding
action designed to force processor agreement to a contract price
which is significantly higher than the current market price. The
NFO attempts to obtain, through membership contracts, market
power to be used immediately in obtaining the bargaining power
‘which they seek. Their membership-agreerments also provide at
least part of the institutional basis for-achieving effective bar-
gaining power. The Farmers Union approaches the problem
through political channels by advocating legislation to enable
organization similar to that of labor. Their concern is with es-
tablishing a legal framework for achieving effective bargaining
power,

The NF O approach, which is more controversial and obtains
results or failures more rapidly, has commanded the greatest
amount of attention of the recent attempts to gain bargaining power,

Morrison and Steeves (1967, p. 432) attempted to determine who
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participates in these NFO actions. They summarized data from
13 studies carried out in the Midwest between 1962.and 1966 and
concluded that there is

evidence that participants in a movement with economic

goals are, as expected, more dissatisfied with their

economic situation, but are not necessarily among the

more economically deprived. . . . movement partici-

pators differ from non-participators in belief in

structural rather than individual factors restricting

their attempts to reach their aspirations. We offer the

hypothesis that participators are dissatisfied because

they perceive a lower probability that their aspirations

will be-achieved, and that this is the antecedent condi-

tion for receptiveness to belief in structural blockage.

The noncompulsory NFO approach faces problems similar
to those of voluntary supply control which might be attempted under
bargaining cooperatives. The big problem is the free-rider, since
any benefits to members are available to nonmembers who receive
the same price but do not share the costs of withholding, When
prices start to rise due to withholding, nonmembers will increase
their sales in the short run to the limit of their flexibility in the
‘amount put onto the market. It becomes difficult to achieve further
price increases and the monetary incentive to join the NFO-type
movement is thus quite weak unless the majority of production is
represented. Any gains achieved in the short run will probably lead
to increased production in future periods because supply control

features are.absent. Lower prices necessary to move the added

product in later periods may offset any immediate gains.
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Thus, there have been a variety of approaches attempting
to increase farm bargaining power. The continued existence of
earlier programs indicate they have achieved some success. The
appearance and expansion of recent efforts further removed from
traditional approaches indicate dissatisfaction still exists with
the prevailing position of farm bargaining power. The farm bar-
gaining board is an approach which may offer some relief from
this situation.

Labor Union Effectiveness and Relevance to
Farm Bargaining

Withhol‘ding actions of the NFO follow the example of strikes
by organized labor which employ social conflict as well as economic
pressure to force acceptance of their terms. This raises the ques-
tion of labor union effectiveness and relevancy of the labor union
‘movement to agricultural bargaining, Freeman (1967b, p. 5)
pointed out that labor has many of the benefits that farmers seek:
(1) control over the price of their product; (2) the right to bargain
effectively without fear of reprisal from employers; (3) the right
to choose a bargaining unit; and (4) the right to withhold their
‘product (labor) from the market. These are the types of things
farm organizations are trying to achieve and farmers would be
-empowered to do by recent legislative proposals. Freeman went

on to draw parallels between farmers' present positions and
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labor history and organization.

Helmberger and Hoos (1965, p. 26) suggest that because
cooperative bargaining takes place in a vastly different legal
environment than that of labor markets, comparisons with labor
unions are probably unwarranted. However, they pointed out the
impact of the National Labor Relations Act of 1935 in considerably
strengthening the bargaining effectiveness of labor. The parallels
between it and the Agricultural Fair Practices Act proposed in
1967 are apparent when considering the key points of the National
Labor Relations Act: (1) employers are prohibited from dis-
criminating against employees because of union membership;

(2) employers are prohibited from not recognizing and bargaining
in good faith with unions representing employees; and (3) employers
cannot dominate or interfere with union affairs.

But precise effects of labor unions are not clearly estab-
lished. Lewis (1963, p. 4) claims that the average union-nonunion
wage rate was about 10-15 percent higher in the late 1950's than
it would have been in the absence of unionism. Hildebrand (1958,
p. 100) argues that wage gains have not greatly influenced labor's
relative position. But Hildebrand feels that the political power of
unions has helped shape government policies that indirectly affect
income shares through tax and transfer payment legislation,

stabilization of employment at high levels, and government
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intervention to fix or manipulate prices and wages. The main con-
tributions have not been in money wage gains but in nonwage bene-
fits and orderliness of the labor market. Numerous other studies
provide a variety of opinions and research findings about unionism's
effect of the relétive and absolute levels of labor compensation.

Even if agreement existed on unionism's effects, complica-
tions may arise in attempting to infer results for agricultural
producers based upon those of labor. Ladd (1968, p. 4) sees
important differences between farmers and union members.

First, there exists a system of unemployment compensation and
state and federal employment services to cushion unemployment
which might result from unionism increasing labor costs and re-
ducing employment. Secondly, the supposed perishability of
labor and nonperishability of major farm products may not be
very valid. Overtime before and after a strike is a form of
intertemporal substitution of labor and leisure which effectively
reduces labor perishability. Many farm crops are quite perish-
able or at least subject to deterioration in value when held.

A significant difference between the farmer and union member
is the pabttern of resource ownership. Ladd's third point is that the
farmer has a greater incentive to maintain production than does the
corporation or its hired employees, since no one shares his costs

of shutting down. Shaffer (1968, p. 1) observes that the farmer who
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withholds his product loses not only the value of his laBor as a
worker but also the return on his capital and potential profits
‘associated with his role of manager and capital {'owner.

In summary, past and recent efforts to attain farm bar-
gaining power have had varying degrees of success but have not
given farmers the amount of effective bargaining power sought.
Labor -appears to have achieved some success through comprehen-
-sive bargaining programs, but there is disagreement on the extent
of gains, Finally, differences between labor and agricultural pro-
ducers raise doﬁbts regarding inferences about farm bargaining

based on results of labor bargaining,
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III FARM BARGAINING BOARDS

Legislative Action to Authorize Farm Bargaining
Boards

Though conclusions about effectiveness of labor bargaining
and transferability to agriculture are not unanimous, recent legis-
lative actions have been taken to facilitate more effective agricul-
tural bargaining through creation of farm baréaining boards. In
one such proposal, a producer marketing board would be elected
to represent producers in a fairly homogeneous product group or
market. The marketing board would operate essentially as an ex~
tension of marketing orders, having,power to control production
and marketing. The board would negotiate prices and other terms
of trade and could have full trading powers. The market would
consist of the commodity board and representatives of the buyers
to which it could sell and would also include consumer representa-
tives.

The National Agricultural Bargaining Act of 1968 proposed the
‘creation of a bargaining system consisting of two levels. The
National Agricultural Relations Board (NARB) would focus on the
regulatory level and operate in'‘a manner similar to the National
Labor Relations Board. At the operational level the Act would

have created producer marketing committees, generally called
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marketing boards, upon the initiative and approval of producers
of a commodity nationally or in an appropriate area.

The National Agricultural Relations Board, an

inde pendent:f.ive -member Board, appointed by the

President with Senate confirmation, is established to

pProvide administrative, technical, and supporting

assistance to farmer Marketing Committees and

Purchasers Committees, It does not represent either

farmers or buyers. It would administer farm refer-

endums and assist the Committees in holding meetings.

(U.S. Congress. Senate. 1968, p. 3091)
The National Agricultural Relations Board would conduct a refer-
-endum, at the request of a .representative group of producers of a
.commodity whose price is below a ''fair and reasonable'' level, to
determine whether or not the producers of that commodity favor the
establishment of a representative marketing committee., The NARB
would define the boundaries, size, and composition of the product
area to be included in the referendum. Upon approval by a majority
of producers, a committee of producers would be chosen for the
purpose of negotiating with purchasers of the commodity to deter-
‘mine a fair minimum price or nonprice terms for the sale and pur-
chase of the commodity. A fair and reasonable price would be
determined considering, among other things: (1) the direct cost
of production, including hired labor; (2) a reasonable value of the

time, skill, and experience of the producer; and (3) a fair return

upon essential invested capital (U.S. Congress. Senate. 1968, p.3093).
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Concurrent with announcement of the referendum approval
of such.a marketing committee the NARB would notify prospective
purchasers of the commodity to select a purchasers committee.
The NARB would facilitate meetings for negotiation purposes and
.assure that consumer interests were represented. The NARB
would collect a reasonable assessment, as determined by the
marketing committee, to cover costs of operating the committee.
There would be no direct supply or marketing control by the NARB
which would only have facilitative functions. Continuation of the
marketing committee would be contingent upon referendum ap-
proval at three~-year intervals.

The marketing and purchasers committees would be required
to bargain in good faith to establish price and/or nonprice terms of
sale. If no agreement were reached within a .specified time period,
the NARB would appoint a joint settlement committee to make
binding decisions on disputed.issues. This joint settlement com-
mittee would consist of a marketing committee representative,

a purchasers committee representative, and a neutral member.

A producer marketing committee, as defined in the National
Agricultural Bargaining Act of 1968, would be empowered to
establish minimum price and nonprice terms of sale through
negotiation based upon size, grade, quality, and other-appropriate

-conditions. All producers would.share the costs of operating the
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marketing committee, and all producers and purchasers would be
bound by the-agreed upon price and nonprice terms.

The marketing committee could establish marketing .allot-
ments, with or without-acreage or production limitations, subject
to.approval by producers in referendum. A marketing allotment
would be developed to bring supply in line with demand at the nego-
tiated price. Enforcement would be handled by the Secretary of
Agriculture and any necessary enabling legislation. The committee,
through .action of the NARB, could.authorize some predetermined
.amount of commodity production to be marketed for specific uses
outside the limitations of this Act.

Bargaining boards are being promoted. as a means of ob-~
taining economic power rather than merely market power or bar-
gaining power-as defined earlier. The emphasis is on creating the
legal and institutional framework for bargaining to be carried out
by a group possessing some market power. The bargaining board
approach avoids some of the problems of earlier attempts to
attain countervailing power: the compulsory nature-of membership
‘eliminates the free-rider problem of bargaining associations;
and the power to control supply prevents increased production
stimulated by any success in raising price, an inherent problem

in the market order approach.
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Theoretical Basis for Bargaining Boards

Proposed bargaining board legislation would essentially create
a cartel on-each side of the market by establishing marketing -and
purchasers committees. Boulding (1966, p. 511) supports this
viewpoint:

. . . collective bargaining is always a sign of carteli~
zation, for-a collective bargain is one in which the terms

of sale of the product of many buyers and sellers is

arranged jointly by their representatives. . . . Unions

differ from most business cartels in that the proceeds

of the collectively arranged sale are not channeled

through the organization but are paid to members

directly.

The marketing board is a monopolist concerned with how
much the industry as a.whole can sell at different possible prices.
The relevant demand curve faced by the board is the industry de-
mand curve, rather than the demand curve faced by a single pro-
ducer. Decisions of the bargaining board must be based on the
derived demand of the processors or handlers for the commodity.
The decisions thus depend not only upon the demand curve for the
final product but also upon the processing and distribution costs of
the handlers.

Even if the bargaining board is aware of the processor's

derived demand for the commodity, the board is not free to

maximize producer returns based on this demand curve. The
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outcome chosen by a dominant producer marketing board facing a
price-taking buyer would surely differ from that which a board
facing a monopsonist possessing equal or superior economic
strength would be able to achieve. The negotiated outcome will
be dependent upon the relative economic strength of the two sides
involved, The exact outcome is theoretically indeterminate; a range
in terms of trade will be set by negotiators and the exact terms
within that range established by indei)endent arbitrators.

The theory of bilateral monopoly may offer some insight

into the outcome of the bargaining, Much work has been done on
the theoretical analysis, but Fellner's work incorporates most of
the possibilities and takes a seemingly plausible approach to the
problem. Fellner (1949, p. 241-249) argues that there is a strong
tendency toward joint profit maximization resulting in a determinate
quantity and a price which is indeterminate but limited to a certain
-range. Zero 'profit limits for each party define a range within
which the actual price will be determined by the relative strengths
of the two parties. Both parties benefit by moving to that output
determined by the intersection of the seller's marginal cost and
the buyer's marginal net product. The locus of all points showing
prices between the average cost and average net product for the
joint-profit-maximizing output corresponds to the contract curve.

Thus, the criterion of Pareto optimality is satisfied by the joint-
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profit-maximizing solution. 'If the joint profit is maximized, then
the contract lies along Edgeworth's familiar contract curve."
(Fellner, 1949, p. 246)

Nicholls (1941, p. 166-196) had previously concluded that
price was indeterminate from a strictly economic point of view
within definite limits when .a given quantity was assumed. The
price at which the commodity was purchased by the processors was
to be settled by bargaining. Both Nicholls' and Feilner'sanalyses
require '"all-or-none'' offers in which price and quantity are tied
together. The assumption.of all-or-none contracts provides an
institutional mechanism for reaching the joint-profit-maximizing
solution.

To obtain determinate price outcomes when a quantity is
assumed, assumptions must be made regarding reactions of one
party to possible courses of action by the other party. Such reac-
tion functions may involve the limits of price demands which
would be tolerated without striking or 'breaking off all negotiations,

Game theory, which assumes reaction functions in the form
of utility frontiers, has been investigated by a number of re-
searchers as a .means of determining the outcome of bargaining.
According to Bishop (1963, p. 560),

the essence of a bargaining situation is that, although

the parties have conflicting preferences as among the
various eligible points on their utility frontier, they
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will both be better off if they can agree on some one

such point, as compared with the consequences of

nonagreement .... (Both bargainers are assumed to)

know all relevant data, including each participant's

von Neumann-Morgenstern utility function. This

means that the bargaining problem can be analyzed

with reference to a known utility frontier.

Bishop argues that Nash's theory is probably the best of the theories
based upon assumptions regarding reactions of one party to actions
of the other. The unrealistic nature of the knowledge assumptions
required make these theories somewhat difficult to adapt to em-
pirical studies until some of their testable features are further
refined.

Helmberger and Hoos (1965) have adapted theoretical con-
siderations to define the boundaries of the bargaining outcome in a
manner which may be more realistic and empirically useful than
other approaches for analyzing bargaining situations. They have
analyzed the problem of bargaining by a cooperative bargaining
association which faces two serious problems: (1) lack of control
over production, and (2) the weak pecuniary incentive for the in-
dividual grower to join or remain in a bargaining association,.
However, problems faced by voluntary cooperatives can be over-
come by the bargaining board with its compulsory compliance and
authority to control production or marketing.

The market curves for a monopsonistic cartel under a

bargaining board are shown in Figure 1. The average net revenue



34

MRC

s
[=]
-~
[}
o,
[}
3
o T1f
0

Quantity of commodity

Figure 1. Market curves under a bargaining
board.

product curve (ANRP) shows how much the buyers could pay for
various levels of raw product and still break even, The associated
marginal net revenue product curve is MNRP. According to
Helmberger and Hoos (1965, p. 60):

The ANRP curve summarizes succintly the relevant in-
formation on demand conditions of the final product,
technology, and prices of other inputs. It is to be in-
terpreted as a long-run function. Let S be the long-run
supply curve of the producers of the raw product and
MRC a marginal resource cost curve that shows the
marginal costs to the monopsonist associated with
obtaining various levels of the raw product.

The ANRP function is derived by deducting costs of processing and/

or marketing for each quantity of commodity from the revenue
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obtainable from the corresponding demand function for the final
product.

The thickened lines in Figure 1 enclose the space which
contains the long-run equilibrium bargaining solution under a
marketing board. The price floor is determined by assuming
that the producer marketing committee adopts a price-taking atti-
tude. Then the monopsonistic purchasing committee equates MRC
to MNRP, purchases quantity Ql and pays producers price P

1

in order to maximize purchaser profits. Hence, P  is the price

1
floor.

The price ceiling is given by the ANRP curve, since

any point above that curve would result in the exit of

the monopsonist. Survival of the producers of the

raw product requires, on the other hand, that the

point of long-run equilibrium not be to the right of

the supply curve. Any such point would mean that

cost per unit exceeds price, (Helmberger, 1965,

p. 60)

For any quantity between Ql and Q2 the purchaser might be
expected to pay at least the price associated with that quantity
along the S curve. The buyer would be making at least normal
profits if he paid any price up to that shown by the ANRP curve
for a given quantity. The size of the space containing the long-run
equilibrium solution thus determines the possible gains to be had
by producers forming a marketing board. It is assumed that the

outcome prior to establishing a board is the price most favorable

to the oligopsonistic processors who deal with price-taking,
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weak sellers.

The ANRP curve represents the aggregate net revenue
product obtained by horizontally summing the individual
oligopsonists' curves. It is assumed ''thatthemaximum of each
oligopsonists' ANRP curve is the same. This assumption appears
to be acceptable in a long-run formulation, although in the short
run one might expect considerable variation of the maxima''
(Helmberger, 1965, p. 62). The oligopsonists are assumed to
maximize joint profit, a condition which might be expected to be
closely approximated. The greater the competitiveness of the
buyers, the -smaller will be the subspace since the minimum price
will be higher as competition increases among the oligopsonists,
assuming no shift in the supply curve.

The relative strengths of the marketing committee and the
purchasers committee will determine the actual outcome and
hence the division of profits., The outcome will be influenced by
the ability of one party to hold out for terms most favorable to it.
The more severe the hardship resulting from failure to reach an
agreement, the smaller the gains a party in the bargaining process
can be expected to obtain. For example, if producers lack proper
storage facilities, they could not withhold a commodity from the
market without costly quality losses.

In the situation involving contracted production, the bargaining
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period isprior to planting. Hold-out ability thus involves delay of
planting or willingness of producers to grow the ‘commodity for
open market sales. Producers' bargaining strength increases if
they judge the possible price at time of sale as likely to exceed
the offered contract price. The processors can hold out for their
own terms if they expect quantities and prices on the open market
more favorable than producers' demands for contract terms.
Producers suffer less from nonagreement if the production deci-
sion is annual, profitable alternative resource uses exist, and
fresh market outlets are also available for commodities normally
contracted for processing. Producers of crops which are grown
only for processing, which cannot be stored, or which require
lengthy periods before realization of production, are in a much

-weaker bargaining position.

Theoretical Sources of Bargaining Gains

There are several theoretical sources of gains from estab-
lishing a marketing board. The limits of these sources affect the
location of the various segments of the bargaining area boundary

depicted in Figure 1.
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Increased Efficiency

One possible source of gain is efficiency increases from
consolidation of some marketing functions under the control of a
single agency. For example, bargaining for uniform grading
practices in the whole market might be expected to reduce varia-
bility and uncertainty of commodity quality. Reduced processing
costs through increased recovery rates could result if uniformity
. of grading practices did not exist prior to the establishment of
the bargaining board. Further efficiency gains for the system might
arise from reduced costs of transferring ownership, All trans-
actions would be carried out at the negotiated price-and probably
with more uniform nonprice terms of sale. Such things as:
delivery schedule ana methods would not have to be specified in-
dividually. Bargaining for uniformity in contract terms may
benefit producers chiefly th;'ough the effect of eliminating arbitrary
buyer procedures in dealing with individual producers. Lack of
uniformity in contract terms make it nearly impossiblle for pro-
ducers to evaluate alternatives effectively.

Regardless of their speéific source, the effect of efficiency
gains is to \ghift the ANRP curve in Figure 1 upward. Purchasers
can pay a higher maximum price for each quantity of the commodity

since operating costs are reduced. Any increase in conversion
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percentage resulting from better grading might partially offset
unit revenue gains to producers because smaller quantities of
raw commodity are now required for a given quantity of final

product.

Reduced Marketing Margins

Reduced marketing margins are a frequently mentioned
source of potential gain from bargaining. Paarlberg (1967, p.9)
claims that higher prices to producers can be achieved only by
offering additional services such.as better quality, scheduling of
deliveries, and product standardization. Further, the price in-
creases will approximate the costs of added services provided,
representiné an earned return based on market power rather than
a gain achieved by bargaining power. Shaffer (1968, p. 6) hypothe-
sizes that eliminating organizational slack to decrease processing
and distribution costs may provide a source of collective bargain-
ing gains, Savings arise from removing excess employees, re-
ducing excessive salaries and wages, or eliminating competitive
waste such as offsetting promotional efforts. These gains all
involve opponent pain and can be extracted only if the ‘;roducer
bargaining committee has sufficient bargaining power.

Forcing consolidation of smaller than optimal scale plants

is a possible gain representing both opponent pain and opponent
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gain. This might be considered elimination of marketing system
slack as opposed to organization slack of the individual firm. Con-
solidation or elimination results from negotiated contract prices
being above those which can be afforded by firms operating less
than optimal scale plants or by small firms operating optimal scale
plants but unable to achieve economies of distribution which exist
in their industry. This situation violates the assumption upon
which Figure 1 was constructed--~that the maximum of each of
the oligopsonistic processors!' ANRP curves is at the same height,
However, it is probably realistic to expect actual firms to exhibit
different cost functions and hence different ANRP functions in the
short run. Application of the model to an industry requires use of
empirical data which may be considered representative of ""average'
firms in the industry and abstracts from the assumption. But in
the long run,firms could be expected to move toward optimal scale
plants and ANRP functions which approximated the assumption.

Evaluation of potential gains from efficiency increases or
reduction of marketing margins requires measurement of processing,
selling, tran3portation§ and similar costs, Unavailability of de-
tailed information on selling costs precludes evaluating this cost
element for most industries. Variation among regions, among
facilities employing various technologies, and among different

sizes of operations greatly complicate any attempt to analyze
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processing costs, Studies are available which analyze such costs
for specific situations. The nature of their simplifying assump-
tions would make any attempt to generalize, from these studies,
lead to very tenuous or misleading conclusions., Competition among
processors may be expected to result in efficient operation as they
strive to lower costs and attain maximum profits. Therefore, it
is doubtful that gains to be achieved from efficiency, increases
through bargaining would be-of sufficient magnitude to justify the
costly and detailed data collection and analysis necessary to sufport

negotiations.

Reduced Excess Profits

Theoretically, reduction of excess profits is a source of
gain from establishing collective bargaining. A shift in market
structure occurs on the selling side to a monopsonist powerful
enough to extract some of the oligopolistic processors' excess
profits, However, the National Commission on Food Marketing
(1966) found little evidence of excess profits for food processing
firms when analyzed by industry averages. The implication for
bargaining may be that to identify excess profits and seek to bar-
gain them away is more expensive than warranted by the potential
gains., But reduction of organizational slack may actually be re-

duction of the excess profits that exist in theory. Ladd (1964, p. 112)
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points out that the exercise of opponent-pain power is related to
shifting the zero-profit limits which determine the limits to
price negotiations. In Figure 1, zero-profit limits for pur-
chasers are defined by the ANRP curve and for producers by
the S curve.

Any reduction in operating costs has the effect of raising
the ANRP level at each quantity. Elimination of organizational
slack would be a pure gain for producers. In contrast, provision
of additional services by producers will increase their costs and
hence the net gain may be quite small., If processors were pre-
viously performing the functions as efficiently as possible, gains
may be only the profit levels associated with the functions pro-
ducers provide. Difficulties in determining operating costs for
various processing firms under different conditions makes em-
pirical analysis of this factor presently impossible. It may be
assumed that the profit motive and competition between processors

forces operating costs to near their minimum for a given output.

Regulated Supply

The source of bargaining gain with the largest potential is
probably higher prices to the consumer. Monopoly profits can
be created by restricting and allocating supplies. The extent of

such gains is dependent upon demand characteristics for the final
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product: price elasticity of demand in markets, cross elasticities
with substitutes for the commodity in the short run and potential
entry of new products--including synthetics--in the longer run,
and whether or not demand for the product is expanding are all
important factors.

Means of extracting higher prices from the market are
diversion of different commodity grades to uses requiring differ-
ent qualities, regulation of rate of flow onto the market, and
restricting production. The extent of possible gains from these
activities are determined by the elasticities of demand for the
commodity in different uses or in different seasons of the year.

In addition to thorough knowledge of market demand and supply
conditions, economic power is required to use these methods of
obtaining gains., Both diversion to different uses and regulation
of flow operate through shifting the ANRP curve upward or
changing its shape to increase possible returns to producers.,
Restricting production affects the location of the S curve in
Figure 1.

Hathaway (1963, p. 69) suggests that perhaps the ability to
influence fina.l product price is a necessary, but not sufficient,
condition to achieve goals through supply management. Necessary
conditions for price gains in the long run may include the

presence of monopsonistic or oligopsonistic elements in processor
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procurement policies. Sufficient conditions may include continued
increases in demand over a period of time.

Even if supply management increases total incomes to
agriculture, the farmer may not receive greater returns on his
labor. Distribution of resulting gains among factors of production
could make income distribution even more dependent upon asset
ownership than presently. Capitalization into production quotas
and sales quotas is possible under a negotiable quota system of
production and marketing control. Such a result of a supply man-
agement program to increase economic power raises a.question
whether it is an improvement over land retirement programs.,
Supply management with marketing quotas may at least be more
in line with the desire for efficiency. The more efficient pro-
ducers are able to bid the production and marketing quotas away
from less efficient growers and even transfer the quotas to more
productive geographic regions if economically feasible. Produc-
tion and sales quotas also are more effective 'in actually controlling
volume than is regulation of one production input for which others
are substitutable.

To evaluate the effects of establishing a marketing board,
the extent of gains obtainable from the various sources discussed
must be evaluated. Such evaluation requires economic analysis of

specific cases. One method of accomplishing this is to attempt



to analyze the results of establishing a marketing or bargaining
board in'a.commodity system. That approach has been adopted
in this study and the analysis is presented in the following

chapters.

45
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IV A FARM BARGAINING BOARD IN A
COMMODITY SYSTEM

Choice of the Western Late Potato System

The western late potato production-marketing system has
been chosen as a basis for analysis of the results of establishing
a bargaining board. Factors contributing to this choice include:

(1) price fluctuations due to relative inelasticity of demand for
potatoes and variatioﬁ in yearly production; (2) different final mar-
ket forms for fall potatoes used as food--fresh, frozen, dehydrated,
and chips; (3) a production area which is relatively well defined

with similar production response and market demand conditions
faced by the entire group of producers included; (4) importance of
the crop in terms of income and share of the total U.S. market
represented by the bargaining board area; and (5) widespread exper-
ience with market order programs.

For this analysis, the western late potato crop bargaining
unit is assumed to be comprised of the nine western states included
in the USDA Crop Reporting Board's estimates of potato production.
The Crop Reporting Board's late summer production is included
with the dominant fall production for each of these states in deter-
mining late potato production. The storage and use patterns of

these two types of potatoes are similar. In addition, harvesting
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takes place over a continuous period and the production of several
states is split between the late summer and fall categories,

Total U.S. potato production can be separated into three
groups based on harvest time--early potatoes, including the Crop
Reporting Board's winter and early spring crops; the intermediate
crop, including late spring and early summer potatoes; and the
late crop, including late summer and fall potatoes. The late crop
accounts for ;,bout 80 percent of total potato production in the U, S.
and the nine western states produce about 45 percent of the total
late crop. The year-to-year variations in production, price, and
sales value of late crop potatoes in the western states are shown
in Table 1.

The potato marketing season may be categorized into three
groupings corresponding to the seasonal production categories--
the early period from December through April, the intermediate
period from May through August, and the late period from mid-
August through November. Late potatoes are the sole market in-
fluence during the late marketing period. Winter and early spring
crops provide about ten percent of total consumption during the
early period in which late crop potatoes from storage are the
principal market influence. The intermediate period consumption
is provided by: (1) slightly more than half late spring potatoes,

with the remainder coming from storage stocks of the late crop
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Table 1. Variation inQuantity, Price, and Sales Value of Late
Crop Potatoes in the Western States,

Production Quantity sold Price Sales value
Year (1000 cwt.) (1000 cwt. ) ($/cwt.) (1, 000 dollars)
1951 53,594 46, 404 2.58 119, 827
1952 63, 255 55,503 2.90 160, 939
1953 68, 357 58, 347 1.18 69, 091
1954 63, 898 55,536 2.01 111,803
1955 70, 464 60,476 1.50 90, 467
1956 74, 596 65, 245 1.49 97, 534
1957 81,113 71,668 1.66 . 118, 749
1958 92, 490 81, 895 1.10 89, 682
1959 84, 088 74,615 2.04 152, 007
1960 82,916 73,681 2.07 152, 656
1961 105, 599 93, 607 1.16 108, 749
1962 89,882 80, 848 1.50 121,262
1963 98, 148 89,500 1.59 142, 595
1964 80, 436 72,942 3.21 233,944
1965 114, 381 103,173 1.93 199, 631
1966 129, 771 106, 729 1.87 199, 105
1967 127, 305 112, 730 1.74 195, 589
1968 122, 370 109, 830 2.17 237,985

Source: U.S.D.A., S.R.S., 1951-1969.
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during the May-June period; and (2) about half from the early sum-
mer crop during the July 1 to mid-August period (Hee, 1967, p. 5).
Western storage potatoes are a factor through June, although the
June carlot shipments from Idaho are only about 20-25 percent
of the shipments in May (U. S: D.A., F.S.M.N. S. 1963-1967).

Large portions of western late potatoes are processed into
starch.and food products. About 50 percent of Idaho's production
has gone into processed products each year since 1964. Some un-
processed western potatoes shipped to other areas are used for
potato chips manufactured in those areas, but the proportions
being processed in Idaho are of more importance to this study.
About one third of the total potatoes processed in the U. S, are
processed in Idaho (including those Idaho potatoes processed in
Malheur County, Oregon). Potatoes grown and processed in
Malheur County, Oregon, also contribute to the U.S. total of
processed products, and Washington's share is rapidly increasing.

The processing industry is a dominant influence in the
market for the western late potato crop. The processor has even
more influence on the potato market than reflected in the quantities
processed. Much of the processing potato crop is raised on
contracts with the processors who often sort the field-run potatoes

and sell suitable grades on the fresh market.
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Economic Interrelationships in the U.S. Potato System

The possibility exists of using directly the relationships de-
rived by Hee, Simmons, and others to develop a model designed
to evaluate alternative marketing board actions, A review of some
of the results obtained in several economic studies of the potato
industry are presented in this section. One factor indicating a
necessity of updating their analyses is the tremendous shift during
the 1960's from fresh to processed utilization of the crop and the
accompanying shift in location of potato production.

Hee's study (1967), one of the most thorough available, was
based on 1947 to 1960 data using separate models for the late crop
and for each of three early season crops. Results indicated an
inelastic demand for the late crop and an elastic demand for some
of the early crops. Hee further concluded that varying degrees of
substitution occur in a seasonal market between different types of
potatoes but there is some differentiation between types of potatoes.
His analysis considered three possible uses for potatoes: food,
livestock feed, and starch,

This study showed that price elasticities for different

utilizations of late summer and fall potatoes during

1947-60 were: starch, -1.0; livestock feed, -0.5; and

food, -0.2. Utilization is most variable in the outlet

with the highest elasticity, which is starch; and least

variable in the outlet with the lowest elasticity, which
is food. (Hee, 1967, p. iv)
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These results indicate the differences which may exist in the
demand for potatoes in alternative uses. The interrelationships
between various uses, as well as between various seasonal crops,
must be considered in any marketing board action designed to alter
-allocation or total supply.

Hee found price elasticities of -0. 25 for starch, -0.8 for
feed, and -0. 25 for food based on 1921-41 data. Comparison of
these results with his results for the 1947-60 period implies
changing elasticities in different uses over time. These changes
further emphasize the need for updating the analysis.

Hee also reported a price elasticity greater than -1.0 for
processed potatoes based on analysis of quarterly price and con-
sumption data for frozen french fries during 1956-63. This com-
Pares with an inelastic demand found for most seasonal fresh
potato sales based on 1947-60 data. Estimates of elasticity for
the various food uses over comparable periods of time would avoid
problems of differences due merely to changes which have taken
place over time.

Hee analyzed the demand for late potatoes for food using one
equation involving consumption during August to April. Allocation
between food and nonfood uses was considered to be jointly deter-
mined with prices in each outlet. His price equations for potatoes

used as food included a marketing cost variable to allow for changes



52
in marketing costs, since farm prices were used in this analysis.
Conceptually, Hee claimed this variable shifted retail demand
to the farm level, but the results obtained were mixed.

Hee did not treat seed utilization as a variable to be esti-
mated in the statistical analysis because variability in seed
utilization was judged to be equal to or less than the error asso-
ciated with the data. However, an exploratory analysis for
utilization for seed gave a price elasticity of -0.19.

In develdpinga model for the early market period, Hee used
data for January to April and took account of interrelationships
among demands for potatoes in that period. He estimated the price
for storage potatoes used for food during the period and the quan-
tity of fall potatoes to remain in storage for consumption in a later
period. The May 1 storage quantity was found to be influenced
by sustained monthly price changes, processing volume, and
January 1 storage.

Hee's late spring model estimated price for late spring
potatoes and for storage potatoes during May-June. Reduced form
equations were used to account for joint determination of the two
prices.

On the supply side, Hee (1967, p. 11) estimated the
elasticity of yield with respect to the previous year's price to be

about . 10 for late crop potatoes. Elasticity of acreage was .12
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using 1930-41 and 1951-56 data. Hee (1958, p. 132) claimed that
elasticity of supply with respect to price is an additive function of
the elasticity of acreage and the élasticity of yield. Hence, the

~elasticity of supply would be . 22.

But Hee (1958, p. 134) found elasticity of acreage with
respect to expected price to range from .3 to .5 for two different
"free-market'' periods and«elasticity of yield with respect to ex-
pected price from .4 to . 6. His conclusion was that production of
potatoes is more influenced by farmers' expectations of long-run
"normal' prices than by the most recent price change. Expected
prices were derived from past years' prices,

According to Zusman's findings (1962, p. 600), short-run
elasticity of acreage response for late crop potatoes was .12,
identical to Hee's finding. He derived a long-run elasticity of
acreage response of .43 for late crop potatoes. Based on western
late crop data for 1952-60, Simmons (1962, p. 78) confirmed Hee's
supply elasticity of . 21 with respect to previous year's price.

Production in each of the three late crop regions for 1952-60
was analyzed by Simmons. He derived the relationship of acreage
planted in each area to the previous year's: average price received,

. acreage planted, and index of technology. Simmons' (1962, p. 51)
analysis showed that prices for the western late potato crop were

affected by supplies in competing areas more than did supplies in
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competing late areas affect the prices for potatoes from the central
or eastern late area. A one percent quantity change in the late
crop in central and eastern states was associated with -5 percent
change in prices received in the western states., Increased pro-
duction of winter and spring crop potatoes was associated with
higher prices for the western late crop.- Hence, raising prices
for the late crop may encourage production in competing early
crop areas.

Simmons' price analysis was developed from 1951-60 data for
total U.S. production, the early crop, the late spring crop, the
early summer crop, and the late crop in total and for the three
production regions. Simmons expressed all variables in the price
equations as first differences. He related prices of the various
crops to production of competing crops, but the only explanatory
variable used to account for utilization of the crop was percent
processed for food. This variable was not statistically significant
at the ten percent level in any of the equations that included it.

Simmons' analysis for the total U.S. crop assumed price
to be influenced by per capita production of all potatoes and the
percent of total U.S. crop processed for food. For the early
and late spring crops, he considered price to be influenced by
production of the particular crop, January 1 storage stocks of

late potatoes, and per capita disposable income. In his analysis
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for the total late crop, Simmons treated price as a function of the
quantity of that crop, all other seasonal production, and percent
of total U.S. crop processed. His equations for the three late
crop regions included as explanatory variables the quantity pro-
duced in the particular region, late crop production in other regions,
and quantities of other seasonal crops believed to compete with
the particular late crop. The quantity diverted under government
programs in the western region was used as an explanatory variable
in the western region price equation. It was the only nonproduction
variable statistically significant at the ten percent level in the
regional equations.

Simmons found a supply elasticity with respect to the previous
year's price of . 21 for the western late crop and .13 for the total
late crop. Hence, price changes may be expected to have different
effects on the following period's production in the various regions.
hnpliéd price elasticities with respect to own production of -0.13
for the eastern late crop and -0. 20 for the total late crop were de-
rived by Simmons. Such a difference between price elasticities
indicate that changes in western region production may affect the
price received in the West differently than it influences prices
received by other late producers.

Simmons found a different effect from a one million

hundredweight change in Maine prodﬁction than from an identical
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change in diversions under the marketing order in Maine. This has
implications when considering whether a bargaining board should
control production, or control marketing through withholding or
reallocation.

In his econometric analysis of the market for California early
potatoes, Zusman divided the market into winter (September
through February) and spring (March through August) markets.

His study was based on data for the two periods 1930-41 and '1950-58.
He set up a jointly determined subsystem for the winter market.

This set of relations determines for a given production

of late crop potatoes the quantities that are consumed

as food; quantities fed to livestock and lost; quantities

carried over to the following spring; retail prices of

potatoes; and prices received by farmers during the

months of September-February. (Zusman, 1962, p.

593)

Zusman reached the conclusion that his analysis supported

the view adopted by Gray, Sorenson, and Cochrane that

the incentive to expand production during the price

support period was provided not by higher prices but

by the reduction in risk afforded by announced prices.

(Zusman, 1962, p. 633)

Therefore, negotiated prices and bargaining board control of
supply may have important effects on production through reduced
price risk to growers.

Shuffett (1954) undertook analysis of prices for early commer-

cial cropandlate crop potatoes during 1920-4l based onfirst differences
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inlogs, Elasticity of demandatthe farm level was estimated to be
-.25 and about -.40 at retail (Shuffett, 1954, p. 64). Production
and personal disposable income were found to be important
factors in explaining prices received by producers of late potatoes.
The analysis was at such an aggregate level that it was not very
enlightening regarding various interrelationships within the potato

- system,

None of the available studies have developed demand analyses
for the different food uses of potatoes, although Hee's analysis for
frozen french fries was a step in that direction. Greig (1967, p. 76)
cites a retail price elasticity of demand of -2.3 for‘dehydrated
mashed potatoes. But his analysis was based on a 1958 study of
response in a few stores for a short period during the introduction
of potato flakes, a new retail item at that time. Miller (1966, p.29)
and Perry (1956, p. 33) have conducted studies which indicated
differences in retail price elasticity of demand between premium
packs of fresh market potatoes and other fresh potatoes. The meager
information available leads to speculation that differences in
-elasticities for different food uses of potatoes do in fact exist,
although quantification of the relationships is not available in
directly usable forms. If such differences do exist, then a pro-
ducer group could restrict sales of regular fresh potatoes and

increase sales of processed products and premium quality fresh
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potatoes to increase total dollar returns from retail level sales.

The analyses discussed above are useful in formulating a
mnodel of the western late potato system. However, each of these
studies deals with parts of the system or relationships needed
rather than with the complete production-marketing system. A
model of the total system requires relatiot;ships estimated from a
comparable set of data in order to assure internal consistency
of the model. An economic model of the western late potato system

is discussed in the following section,

Economic Model of the Western Late Potato
System

Production and marketing decisions in the western late potato
system are each based on both marketing and production variables.
Therefore, analysis of a bargaining board in the market needs to
be based on a model representing the entire system and including
relationships between the production and marketing sectors, as

well as relationships within the sectors.

Production Sector

In general, late crop production decisions are made in the
winter and early spring months, planting takes place in the spring,

and the crop is harvested in the late summer and fall. The pro-~

duction decisions must be based on expectations regarding the
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market at harvest time and during the following storage months.
The expectations are based on available information which includes
prices received for quantities produced in the past and demand in-
formation such as consumption trends, processed product inven-
tories, and exogenous variables that may affect the market.
Western producers must also consider the expected production
in other late crop areas and in the early and intermediate crop areas
for the following season, since tiley compete for the same total U. S.

market.

Marketing Sector

In the marketing sector of the system, the potatoes that have
been produced are utilized for a variety of purposes. Major por-
tions of the crop are used for food, but feed, seed, flour, and
starch uses also compete for potatoes. The allocation into various
uses, dependent on-a number of interacting factors, determines
prices at different levels in the system. Among these factors are
consumer preferences and processing technologies, two important
factors in determining the proportions of potatoes used for food in
pchessed. and fresh forms. Processors and handlers may be
assumed to maké most of the allocation decisions based on their
knowledge of current prices,price expectations, inventory levels,

and quantities which can be sold at prices allowing individual
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processors and handlers some profit margin,

Interrelationships Between the Sectors

Numerous interrelationships exist between the production and
marketing sectors. It could be argued that all economic relation-

- ships in the system are influenced at least indirectly by variables
considered as elements of the other sector. Segmentation does
exist in the system, however, since producers make the produc-
tion decisions while processors and handlers have the primary
influence in marketing decisions,

One of the most readily apparent inter-sector relationships
is that between price received for potatoes marketed and the pro-
duction in following periods. The sectors are also interrelated
through the effect of variations in quantities produced on quantities
going into different uses. Quantities of processed products in
storage influence price expectations and, hence, production,
Processing and other marketing costs might be considered to tie
the two éectors together because they form a connection between
farm level and final product prices. Under contract production,
the contract base price is an important factor on which price
expectations may be partially based. The contract price is a direct
result of interaction between the processors of the marketing

sector and the growers of the production sector.
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Any reallocation of western late potatoes among products
will also affect the average prices received for potatoes produced
in other areas. The resulting price will influence production in
the areas in the following year, assuming that acreage planted is
some function of price expectations which are based on past prices
received by farmers. Thus, it is necessary to analyze the effects
of any action taken by a bargaining board in the western late area
on average prices received by other producers.

Processing and selling costs are also important elements
affecting interregional competition in the potato market. Detailed
data are unavailable for assessing the impacts of these costs on
western production and marketing and on interactions between areas.
The shifting of potato production and processing locations, develop-

-ment of new processing technologies, and varying market structures
among regions also rules out the simplifying assumption of un-
changing relationships between processing and selling costs for
different regions. It will be necessary to assume that demand
and supply relationships derived from past data implicitly and
satisfactorily include the changing cost relationships. This
assumption seems reasonable since the data were generated by the
system operating within the limitations imposed by these changing
interregional differences in costs. The assumption that the same

general trends will continue is probably better than trying to
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explicitly include relationships based on inadequate data.

The Complete System

0

The sectors of the system and interactions between the
sectors are indicated in the late crop system model presented in
Figure 2. The supply and demand factors discussed in the pre-
ceding sections are the components of this diagram. Decision
points are indicated by the diamond-shaped boxes and the factors
influencing these decisions are indicated by lines connecting the
decision points to appropriate elements of the system. This dia-
gram helps identify relationships which must be quantified in a
model designed to evaluate policy alternatives for a bargaining
board in the western late potato system.

The production sector relationships are shown in the upper
portion of the diagram. The transition to the marketing sector is
through farm sales by growers to processors and handlers. The
lower portion of the diagram includes the interacting elements of
the marketing sector. Interrelationships between the sectors are
partially shown in the marketing charges relating final product
prices to farm prices which affect production in the following
periods.

In the western late potato system, a large portion of the

interrelationship between the production and marketing sectors is



Cholnsiore
Loosl Buyers ) -~

63

LEGEND

D Lovels;, Accumuiolions
Canlroct

Pricos <> osciions ————
) Mortat urite By
C> Enogonous Vorlabias

~———  Physlcar Flow
_ a| Form Prices

Relationship, not flow

Planting

Intarmatlon Foadback

tlons

Rasource Uson

institutional
Foclara

S achnotagieal
Faclore
Yiold "

Plonting
Osclslon

Culturat
Procticoo

Acreoga

Production

_Horvaotad

Storage Coete

!
t

= {Mojarity Canlracted)
~
!

~

Dartifled ——
Ses
7 i /
-, Prepack Bulk T

II Diversion
| Payments
Price of

. Soed L / Praterences
1 [%
]
---------- -<Toble Stock =1 ] Proceasin
\
\

Loeo) Pookens

. Disporoble
Prico of inoame
\ Substilutes
\
\

Acreage

i
|
t
i
i
’ )
\ Chiy ) Starch,
\ Oohydrata i Ftour

\ Seoding Rote Fr. Oomod y
\ 1

1

!

1

Marketing
Chargoe

N
\
A
\
\

)
1 \
‘5/"( Other Ratalters ) \
«

Figure 2. Lote crop pototo system model



64
consummated by growers contracting production for sale to
processors at a predetermined base price. Processors can
assure themselves of potatoes better suited to their quantity and

-quality needs for processing through contracts. Farmers are
guaranteed a market for the portion of their production contracted.
These processor contracts generally specify a base price for
field-run potatoes pegged on the quality of delivered potatoes. For
example, the base price may require 50 percent U.S. #1's with one-
cent price adjustments for each percent variation in the portion
grading U.S. #1. Contract terms vary annually as well as among
processors for a given year,

Geographic separation of processors usually limits the in-
dividual producer to a few firms, or possibly only one, with which
to contract for his production. The alternative to contracting re-
quires the individual to grow potatoes for the open market and accept
the price risk which falls on the processor under a contract. Many
farmers prefer to contract enough acreage to cover production costs
for their entire acreage and gamble on the market price for their
remaining acreage.

The existence of a price risk in potato production generally
works to the disadvantage of producers. The greater financial re-
sources of processing firms make them better able to absorb the

price risk than are individual producers. The combination of price



65
risk and geographic location puts individual producers at a disadvan-
tage in bargaining with processors. The potential benefits of
establishing a bargaining board under such conditions have been
discussed. The next step is to analyze the actual outcome of
adopting a bargaining board in this situation.

Operation of a Bargaining Board in the Western Late
Potato System

Sources of Bargaining Gains

The preceding discussions of the economic model of the late
potato system and economic interrelationships in the U.S. potato
system provide insights to bargaining board actions which might
benefit producers. Functions and powers of the bargaining board
assumed to be established in the system must be specified to permit
evaluation of obtainable results. It will be assumed that a bargaining
board negotiates with processors or first handlers in the western
states to establish price and other terms of trade. Terms nego-
tiated are expected to be more favorable to producers than if
producers negotiate individually with the relatively powerful economic
units to which they sell their potatoes.

The negotiations are assumed to take place prior to planting
time. Theoretically this gives the board some bargaining power

for use in the producers' favor in the form of encouraging producers
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not to plant until satisfactory terms have been agreed upon. Pre-
-planting bargaining permits production control to help achieve
desired prices, while bargaining at harvest time would only permit
maximization based on actual production. The necessity to main-
tain some minimum flow of final products onto the markets exerts
pressure on processors to complete contracts prior to planting
deadlines to assure availability of sufficient potatoes for processing.
In addition, the fresh market outlet provides an alternative to selling
to processors and thus increases producers' strength. However,
necessity of planting by a certain date and inelasticity of demand in
the fresh market also put pressures on producers to settle on con-
tract terms.

The general objective of negotiating for better terms of trade
from the producers' viewpoint must be separated into meaningful
components in order to analyze the effects of a bargaining board.
Although there are several theoretical sources of bargaining gains,
only a few lend themselves to actual bargaining and empirical
evaluation due to the difficulty of measuring the values or levels
involved, as discussed in Chapter IIL

Increases in consumer prices through control of supply
put onto the market is the source of gain which offers the greatest
possibility of increasing producers' income. Such control may

involve reducing the total quantity of potatoes sold, and/or
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altering the allocation of potatoes between uses having different
elasticities of demand. Allocation may be between fresh and
processed food uses, among processed products, and between food
and nonfood uses. Such restriction and allocation of supply will be
necedsary to effectuate higher prices through bargaining since nego-
tiations cannot be isolated from the influence of demand which is
reflected in the price-quantity sales combination which the market
will accept. Finally, fresh sales could be regulated between the
marketing seasons if economic conditions warranted this action.
Shifting potatoes from one use to the other may result in greater °
income to marketing firms. The portion of the resulting gain passed
on to producers will depend upon the stability of costs and margins
in the short run and, over a longer period of time, on the economic

power of producers organized under a bargaining board.

Assumed Bargaining Board Actions

In actual operations, a board will need to set goals which
-are meaningful and reasonable in terms of effects on total produc-
tion, prices, incomes, and/or allocation of physical quantities.
These goals would then form the basis for the preplanting
negotiations.

The board is assumed to negotiate and establish three items

for the western late potato system:



1.

68
A base price for all field~run potatoes sold. The
average price actually received by producers from
processors will be dependent upon the proportions of

potatoes processed and sold fresh by processors.

. A marketing margin for fresh market sales designed to

return to producers the final market price minus the
negotiated margin. The margin could be flexible to allow
profit increases to handlers as the final market price

increases.

. Quantity sold on the fresh market annually and/or

seasonally,

Actions required of the bargaining board to make such

-negotiations effective are assumed to include:

1.

Control production by limiting total acreage planted,
taking account of expected yields, to a level that will
permit regulation of fresh sales to meet goals under
expected market conditions. Such control is assumed
to be implemented through negotiable production quotas,
The quota for each year would be expresséd in terms of

the base period's quota.

. Control fresh market sales on an annual and/or seasonal

basis at a level consistent with negotiated prices. The

control is assumed to be exercised via negotiable
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marketing certificates issued to handlers. The quantity market-
able with each certificate would be specified each year prior to
harvest when production could be estimated accurately. Adjust-

ments in the specified quantities may be necessary when competing

early crop production is determined.

The use of production quotas and marketing quotas in com-
bination is expected to avoid some of the problems of using either
alone. Production quotas are more effective in controlling supply
than are acreage allotments which do not guarantee control because
increases in use of variable inputs can increase yields relatively
more than the ‘reduction in acreage. Acreage allotments prevent
transfer of production to more efficient producing areas, but
negotiable production quotas will allow the market mechanism to
determine resource allocation in potato production. Negotiable
production quotas will also facilitate entry of new producers or
expansion of efficient operators while maintaining a ceiling on
total production, Even though marketing quotas are used, produc-
tion quotas are also necessary to avoid repercussions from des-
truction, waste, and nonfood use of large quantities of potatoes.

The marketing quotas covering only fresh market sales
fail to cover a large portion of the crop. However, regulation of
fresh market sales and processor awareness of quantities which can

be sold as processed potato products would limit total food use

of potatoes. There is no method for determining appropriate
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allocation of fresh market sales quotas to individual processors
or handlers other than on the basis of historical sales. Negotiable
marketing certificates will allow the market to make this inter-
firm allocation-and provide a convenient means of market entry and
exit of firms while the bargaining board controls only the total

volume of fresh sales.

Alternative Policies for a Bargaining Board

Given the assumptions regarding operation of a bargaining
board in the western late potato system, goals which seem obtain-
able and capable of evaluation may be analyzed. Analysié of
results of operating a bargaining board will be undertaken for the
following goals which are assumed as plausible alternatives:

1. Increased stability of prices received by producers.

2. Increased average level of prices or income received
regardless of fluctuation.

3. Annual increases in prices or incomes received.

4. Increased or stabilized quantity on the market or
through processing facilities to achieve more efficient
operation.

5. Increased or stabilized per capita consumption.

6. Annual increases in western acreage.

Those sources of gain which represent efficiency increases,

reduction of processor profits, or reduction of organizational



71
slack may be implicitly represented in these operational goals in
the form of higher prices to producers without proportional in-
ci‘eases in consumer prices, Although these operational goals do
not correspond exactly with the theoretical sources of gain, they
may represent all the possible gains since the true source of
so:.;ne of the neogitated gains cannot be isolated for measurement.

These testable policy alternatives are formulated on the
basis of assumptions stated in the previous sections of this chapter.
The assumptions are derived from the theoretical sources of bar-
gaining gains discussed in Chapter III and adapted to the potato
system in the present chapter. The economic model of the western
late potato system presented in the earlidér sections of this chapter
provides the framework for the assumptions and for the analyses

which follow.
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V SIMULATION MODEL FOR EVALUATING
BARGAINING BOARD POLICIES

Simulation Analysis in F.conomic Systems

To evaluate the impact of alternative bargaining board poli-
cies, an operational model is needed. Development of such a model
requires quantification of the demand and supply relationships in-
corporating interrelationships between production, processing, and
marketing decisions affecting farmers, marketing firms, and con-
sumers. Models based on mathematical optimizing methods often
fall far short of realistically representing the complexities of an
economic system. A research technique known as simulation can
be utilized to build a model suitable for the desired evaluation of
alternative bargaining board policies in a complex, dynamic en-
vironment. The model's behavioxl over time is generated on a
computer, parameters are changed, and results compared with
those based on other parameter values to determine the effects on
the endogenous variables being studied. Thus, alternative deci-
sions can be evaluated in a short period without actually imple-
menting them and observing the results in the real system.

Building a simulation model requires development of mathe-
matical equations representing the functional relationships, con-

sisting of identities and operating characteristics, between
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components of the economic system. ''The functional relationships
describing the interaction of the variables and components of an
economic model , . . are-used to generate the behavior of the
system.'" (Naylor, et al., 1966, p. 12) According to Naylor,
operating characteristics are hypotheses which express inter-
relationships between variables of the system and usually take the
form of mathematical equations. The parameters of operating
characteristics can only be derived on the basis of statistical
inference. Thus, the accuracy of a simulation depends to a great
extent on the-accuracy of these estimates of the system's para-
meters. The possibility of using partial relationships derived by
others must be rejected if the model is to contain a consistent set
of relationships estimated from comparable data.

The simulation model differs from traditional econometric
models which are one-period-change models. In both types of
models the values of the endogenous variables are generated based
on exogenous variables, predetermined endogenous variables, and
random disturbances. However, values of the predetermined
endogenous variables in a simulation model are the values genera-
ted by the model in previous time periods. Thus, the simulation
model perpetuates any errors made in the model rather than having
automatic resetting of error terms to assure a correct starting

point for each period as in the one-~period change model
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(Cohen, 1960, p. 13).

Economic systems are generally dynamic and stochastic and
are influenced by noneconomic variables according to Naylor (1966,
p. 20). Models designed to evaluate such systems should possess
the same -characteristics., Mathematical models which deal with
time -varying interactions are dynamic models., If one or more of
the operating characteristics involves random variation, the model
is stochastic.

In addition to possessing characteristics similar to the system
being modeled, certain other features of a simulation model are
desirable. One such feature is that the model be recursive,

A model is fully recursive if it'is possible to

sequence one-at-a-time computation of successive

values of endogenous variables in such a way that for

any time period the value of each endogenous variable

may be computed, given only exogenous variables, lagged

endogenous variables, and preceding current endogenous

variables in the sequence. (Orcutt, 1963, p. 232)

Two important advantages of using recursive simulation models are
cited by Naylor (1966, p. 231). First, estimation of the para-
meters of the structural equations is simplified because it is pos-
sible to obtain unbiased and consistent estimates of parameters

by applying ordinary least squares to each equation. Second,
generating the time paths of”endogenous variables does not require

solution of simultaneous equations.

Although simplification of estimation may be one criterion,
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the theoretical economic model must be the dominant influence on
choice of model type. Little is known about the relative fore-
casting properties of simultaneous-equation compared to single--
equation methods, and forecasting is one concern in simulation.
Hee (1967, p. 39) contends that an order of priority exists for
different uses of potatoeos and hence a single-equation method
can be used to estimate relationships. Simultaneity appears
appropriate for a few relationships, but efforts to formulate a
.simultaneous system lead to relationships which cannot be esti-
mated because necessary information is unavailable. The majority
of the endogenous variables can be theoretically determined based
on exogenous and lagged endogenous variables, Ordinary least
squares is the appropriate technique for fitting such equations and
is used in this study to derive relationships for the potato system.

Regardless of the estimation technique used to derive opera-
ting characteristics, the model as a whole must be verified.
Verification is one of the most difficult problems associated with
simulation techniques, according to Naylor (1966, p. 310). Naylor
suggests use of multistage verification consisting of three elements:

1. Formulating a set of hypothesées describing the nature

of the system.
2. Attempting to verify the hypotheses on which the model

is based, subject to limitations of existing statistical



tests such as t-tests and F -tests.

3. Testing the model's ability to predict the behavior of

the system under study.

Verification of the hypotheses on which the model is based
takes the form of evaluating the individual relationships used in
constructing the model. The data from which the supply and
demand relationships used in the model were derived are presented
in Appendix A. The production and marketing equations estimated
from the data.are presented in Appendix B for the reader's evalua-
tion, The stepwise least squares regression relationships may be
evaluated by using t-tests to determine significance of the coeffi-
cients., Another criterion of evaluation is the R2 value as an in-
dicator of the extent to which the endogenous variable is influenced
by the-explanatory variables of the equation. The coefficients esti-
mated for the other relationships may be roughly evaluated by com-
paring the values of the coefficients and their standard errors.

Testing a model's ability to predict the behavior of the
system under study may be done in several ways. If a model is
required to predict specific events, most models of any complexity
would fail to meet such rigorous standards. However, Forrester
(1961, p. 128) suggests that a useful model ''should predict
and reproduce the behavior characteristics of a system, not

specific events or particular, unique sections of actual system time
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history.'" The characteristics of the system referred to by
Forrester include stability, growth, and general time relationships
between changing variables. Direction of major changes in system
performance resulting from change in system structure or policy
and the approximate extent of the changes is of primary importance
(Forrester, 1961, p. 116).

It is impossible to test predictive results beyond the time
period for which historical data exists. As in the present case,
it is usually necessary to use most or all the years of data avail-
able in estimating equations from time series data. Thus, the
model must be tested against the data from which it is derived--a gen-
erally undesirable approach, espécially if one is interested in
using tests of statistical significance. But to undertake tests of
statistical significance on data generated from a simulation model
is not a .sound procedure, since some of the basic assumptions of
such tests are violated by simulation data. One problem arises
because simulated data are generated based on relationships
derived from sample data.and no population variance exists for
the data generated from the simulation model. Also, according to
Fishman and Kiviat (1967, p. 526), simulation data are generally
autocorrelated and hence statistical tools commonly used for
studying independent observations are inapplicable.

Tests of a more general nature may indicate the model's
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predictive powers. Naylor (1966, p. 317) claims that the simula-
tion procedure itself provides the basis for severe tests. The
repetition of the solution process would be anticipated to cause
forecast performance of the values calculated to worsen as errors
accurnulated. Hence, comparing model results and observed values
is a.severe test even when the model has the advantage of being
tested against the data used in its estimation,

One means of improving the forecast ability of a model may
be to attempt to reduce residual variation among computer runs,
The interest in computer simulation experiments is usually in
measuring differences in average response for various combina-
tions of factor levels. It is therefore desirable to have estimates
of the average response positively correlated to reduce random
error in the measurement of differences. Using the same sequence of
random numbers at each combination of factor levels is one means
of accomplishing this, since stochastic variates generated from the
same set of random numbers are likely to be positively correlated

(Naylor, 1966, p. 335; Conway, 1963, p. 53).

E lements of the Potato Simulation Model

Given these procedural considerations, data limitations for
the potato system, and the policies to be tested, a simulation model

was constructed. The logic of the simulation model is derived
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from the model of the western late crop system presented in
Figure 2 and the assumed actions of a bargaining board established
in the system. A recursive, stochastic model was developed to
represent the system and permit evaluation of as many of the
specific bargaining board policies as possible. The purpose of the
model is to analyze the results of terms negotiated by a bargaining
board. The model does not simulate the operating mechanism of’
the board; it assumes terms are negotiated and necessary en-
forcing actions are taken by the board and then analyzes their
effects on the potato system. The simulation model is composed
of three Eime-related sections corresponding to the seasonal aspects
of the potato system. FEach section of the model contains several
interrelated modules, as illustrated in the schematic representa-
tion of the model given in Figure 3.

Under the assumed bargaining board, contract terms are
negotiated for the entire western late potato system and appropriate
actions are taken by the board to coordinate supply and demand
variables to facilitate bargaining., The bargaining board is assumed
to negotiate price and quantity terms prior to planting time. The
information available to the board at that time furnishes the basis
for these negotiations., The same information is used by growers
and marketing firms ‘to make preplanting decisions in the absence

of a bargaining board. The board must predict these expected
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production decisions and the corresponding quantities marketed.
If the predicted results do not meet various goals established by
the board, the board must initiate necessary production and mar-
keting quotas for western late producers to facilitate achieving
these goals. The expected results of these predicted and adjusted
variables provide the basis upon which final terms are negotiated
and necessary facilitative actions are taken by the bargaining board.

The bargaining section of the simulation model is designed to
determine the average price and production-marketing terms nego-
tiated in this preplanting bargaining by the board. In this section
of the computer program of the simulation model, expected values
of all the endogenous and marketed quantity variables are esti-
mated using equations based on exogenous and lagged endogenous
variables. The resulting values of the endogenous variables are
compared to the goals assumed to be specified. If these goals are
not met, the computer program adjusts th'e western acreage and/
or quantity marketed fresh from the West and again compares the
resulting endogenous variables with the goal. This process is con-
tinued for each year until the resulting values meet the assumed
goals. The model predictions are the expected results from the
specific terms negotiated by the board. The western production
and fresh market quantities calculated by the computer program

are those which the board would need to specify to achieve the goals.
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In the production period section of the simulation model,
actual production'in the system is determined for the crop year.

At this point, the expected acreage from the bargaining section,
including bargaining board adjustments in western acreage, are
assumed to have been planted. Stochastic elements are generated
by the computer program and combined with the predicted yields of
the bargaining period to determine actual yields for the year.

This allows for deviations from expected yields due to weather,
disease, and other unpredictable influences affecting yields during
the growing season. The harvested acreage is combined with actual
yield to determine the year's actual production of each crop. Thus,
the simulation model takes account of factors beyond the control

of the board, justas variables beyond the control of the growers
affect actual production harvested in the system.

The marketing period section of the model deals with dis-
position of harvested production. The board would need to adjust
fresh sales of western late potatoes to obtain desired goals based
on actual production and demand conditions. The adjustments are
currently accomplished by marketing firms and growers during
the marketing season and are coordinated through open market
prices. Under the bargaining board, the quantity marketed fresh
from the West would be controlled through marketing quotas to

meet established goals,
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The marketing section of the computer program calculates
quantities utilized, based on the actual production quantities calcu-
lated in the production section. The resulting values of appropriate
endogenous variables are then compared with the specified goals.
If the goals are not met, the quantity marketed fresh is adjusted
and the resulting values of the endogenous variables calculated.
This process is continued for each year until the goals are met.
The difference between the original value calculated for fresh.sales
and the final value indicates the magnitude of adjustment required
through marketing quotas for western late potatoes. Due to vari-
ations between expected and actual yields, it may be impossible
to meet goals through manipulation of fresh market sales from the
West while satisfying certain restrictions built into the model.
Such restrictions are included to keep the adjustments within limits
judged to represent realistic conditions in the system.

After having estimated the endogenous variables for all
segments of the simulation model for one year, time is updated by
one year and the process is repeated. The model is dynamic in
the sense that the resulting values of the endogenous variables are
input variables from which to calculate the endogenous variables
in the following period. The simulated actions taken by a board
in one time period thus affect the results obtainable in subsequent

time periods as would be expected in the actual system. The
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changing stochastic elements incorporated in the yield estimates
keep the system from following smooth trends precisely and add

to the realism of the model.

Description of the Potato Simulation Model

The specific relationships used in each module of the
simulation model presented in Figure 3 are discussed in this
section. An attempt is made to indicate the underlying logic of the
various relationships and explain the limitations placed on the range
of possible values. Supply and demand relationships were hypothe-
sized on the basis of factors indicated in the economic model pre-
sented in Figure 2. Some of the hypothesized variables were elim-
inated from the final equations in accordance with accepted statis-
tical practices. The resulting production and marketing equations
given in Appendix B are incorporated in the computer program
used to simulate the system. The Fortran program of the model is
given in Appendix C. The relationships of the model are discussed
under headings which correspond to the seasonal periods and modules

illustrated in Figure 3.

Bargaining Period

The bargaining period section of the computer simulation

program generates expected values of the endogenous production
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and marketing quantity variables. These values are generated
using equations based on exogenous and lagged endogenous vari-
ables. This information is available to the board during the pré-
planting bargaining period and provides the basis for expectations
upon which the board must carry out its bargaining.

The expected acreages are derived from prices received in
previous years. Expected yields are then derived from trend
equations and combined with expected acreage to derive expected
production, Utilization of this expected production is determined
from trend data, Expected prices received and gross revenues
are then calculated from the utilization and production predictions.
If a goal has been specified, the appropriate resulting endogenous
variables are tested against the goal. Necessary adjustments are
made in western acreage or quantity marketed fresh to incorporate
production and marketing quotas which can be used by the bargain-
ing board to help meet goals. If adjustments are necessary, the
affected endogenous variables are recalculated, and the process is
repeated until the goal for the year is met on the basis of expected
values of the variables. The final acreage values are assumed to
be the actual planted acreage to be used in the production section
of the model. It is assumed that the bargaining board takes action

to control western production in line with the calculated values.
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Expected Acreage: Expected acreages harvested are

calculated for the western late, eastern late, early, and inter-
mediate crops. It was hypothesized that planted acreage for each
crop was influenced by lagged prices of that crop, lagged prices
and production of competing potato crops, alternative production
possibilities, and trends in other interacting factors.

The resulting regression estimates are used to calculate
the expected acreages (Appendix B, equations 1-4; Appendix C,
1ines 81-89). For western and eastern late potatoes, lagged price
of the same crop and the change between weighted average lagged
prices from one and two years previously for competing late potatoes
were statistically significant explanatory variables. Time was
important as an explanatory variable representing influences not
explicitly included in the equations, such as increases in irrigated
acreage. An index of prices received for crops which could be
grown in place of potatoes failed to come into the equations at sig-
nificant levels, Variables representing production of the late crop
were not important in estimating early and intermediate acreage
responses. For early crop acreage, the significant variables were
the previous year's acreage and average price received. Inter-
mediate acreage was dependent on time and lagged prices for the
intermediate crop.

Since satisfactoryresults were not obtained in attempts
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to estimate acreage in the central late area, the quantity harvested
was estimated directly. It is assumed that the predictive equations
used here and the intentions to plant published by the U.S. Dept.
of Agriculture give adequate information to accurately determine

acreages at bargaining time.

Expected Yields: Although a number of interwoven influences

affect yields, relating yields to time gave the most reasonable
results in terms of reproducing the behavior of the system. The
resulting equations are used to estimate yields for each crop
(Appendix B, equations 5-9; Appendix C, lines 94-101).

Because yield for the early crop was not significantly re-
lated to time, the mean yield of early crop potatoes over the esti-
mation period is used as expecfed yield, Quantity produced rather
than yield was estimated as a function of time for the central late
crop, since a satisfactory estimate of acreage was not obtained.

A squared term for time, included to allow for a declining rate

of increase' in yields, entered some of the equations at a.signifi-
-cant level with negative coefficients. However, use of such
.equations in the simulation model would lead to untenable results
because the squared term becomes dominant after a period of time,

leading to decreasing yields.
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Expected Quantities Harvested: Expected quantities harvested

take account of adjustments for production unharvested due to
economic conditions, quality, and weather factors. This creates
consistency between quantities available for use from the production
-sector and utilization projections from the marketing sector of the
system. Expected quantities harvested are calculated by multiplying
expected acreage by expected yields (Appendix C, lines 95-106).

The exception is the quantity harvested of central late potatoes,
which is estimated directly as a function of time. Total quantity
harvested is derived by summing the harvested quantities of the

individual crops.

Expected Quantities Utilized: Ideally, demand relations for

the different food uses should be estimated at the wholesale level,
since wholesale prices and costs influence interproduct allocation

of potatoes. Marketing and processing costs would then be used to
evaluate the effect of a .change in production or allocation of the
western crop on the total marketing system. Adequate data are not
available to estimate demand relations at the wholesale level for all:
individual food uses of potatoes. Nor are sufficient data available
on marketing and processing costs to make inferences to other

market levels from the wholesale level.

The best data availableareona farm-level basis, Data on
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utilization of raw potatoes in major uses are available for the total
U.S. on.a yearly basis. It was hypothesized that relating average
prices received by farmers to utilization data might provide a
sound basis for the necessary analysis even though the relationships
could not be considered demand relationships. Actions of the
western late potato marketing board could be analyzed for effects
on utilization and in turn on prices received in various production
units,

It is assumed that per capita consumption of potatoes is
largely dependent on factors exogenous to the potato production-
marketing system, such as 'pro;:essing technology, per capita
income, and expenditures for food away from home. Processing
technology may be influenced in the longer run by potato prices,
but trend data reflect the influence of price on processing. Quan-
tities actually processed and marketed are determined by processors'
and markefing firms' knowledge of the amounts which can be sold at
prices they deem reasonable. Perusal of per capita consumption
data for the past decade suggests that such assumptions may well be
justified. The decline in total food use of potatoes per capita has
been halted and the pattern has shifted to one of nearly steady or
slightly increasing utilization. During this time, fresh consumption
has continued to decline and increased consumption of processed

products has offset the decrease in fresh consumption.
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Consumption of processed potato products per capita would
be expected to increase at an increasing rate in early years of
availability as quality improves and price decreases, but to
increase at a decreasing rate in later years as consumption ap-
proaches the saturation point. The logistic function is a symmetrical
mathematical function which exhibits such a pattern (Appendix B,
equation 10). The logistic function was found to give a reasonable
fit to per capita data for potatoes used for frozen products and
potato chips.

For dehydrated potatoes, the small number of observations
and jumps in utilization due to development of satisfactory dehydra-
tion technologies make it impossible to fit any type of curve to the
data. However, utilization of dehydrated potatoes per capita has
increased rapidly in recent years and might be in the lower portion
of the logistic curve. If consumption of each of the processed forms
of potatoes is assumed to follow the logistic pattern, then total
consumption of processed forms also follows the logistic form,

A logistic fit was obtained for total processed per capita utilization,
Dehydrated utilization was then obtained by deducting chip and
frozen utilization from this total processed. The resulting value

of the upper asymptote for per capita utilization of potatoes for
dehydrated products was 31. 39 pounds annually, nearly identical

to the value for frozen products. This result may be due to the
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dominance of frozen utilization in the data used to derive total
processed utilization. However, it seems reasonable to expect
rather similar results for frozen and dehydrated potatoes since both
are used to a large extent in restaurants and institutions as substi-
tutes for fresh potatoes.

Fresh utilization is obtained by deducting total processed from
total food utilization. Total food utilization may be assumed to be
constant at 110 pounds annually or to be increasing slightly. The
derived lower asymptote for fresh utilization, based on 110 pounds
per capita total food utilization, is 21. 34 pounds.

The per capita utilizations are calculated and multiplied by
population to determine total quantitie.s utilized in the various food
forms. Then the quantity utilized for other purposes is obtained by
deducting food use from total quantities available (Appendix C,
lines 110-127). This approach assumes that trends in per capita
consumption will not change significantly in the near future. Popu-
lation is projected based on time (Appendix B, equation 11;
Appendix C, line 118). Utilization is on a crop year basis, encom-
passing the production from the late crop and the following early
and intermediate crops which are marketed in conjunction with

the late crop quantities stores,
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Expected Prices Received: The quantities utilized are

employed to:estirnate prices received for each of the late crops. ,
Prices are hypothesized to be related to utilization in forms most
important to each area. Prices are related to total harvested
quantity through the quantity of other uses which is a residual
category consisting of potatoes used for canning, starch and

flour, feed, seed, and shrinkage or loss. The resulting regression
equations are used to calculate the expected prices received
(Appendix B, equations 12-18).

Quantities for other uses and fresh use are the most impor-
tant variables in explaining late crop prices. These are variables
which the western bargaining board can affect in manipulating
production or fresh sales to meet specified goals. The relative
size of the western late crop assures important influence on total
potato crop utilization in fresh and other uses. Quantity of
potatoes used for frozen products is included in the price equation
for western potatoes, and quantity dehydrated in the equation for
eastern potatoes, since they are felt to be important economic
influences. Though not entering the equations at significant levels,
these utilization variables contributed to increasing the R2 value
and reducing the standard deviation of the estimated prices. Prices
for the early and intermediate crops are calculated based on per

capita production of those crops and per capita quantities of
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late potatoes in storage at the appropriate time.

The computer program calculates the price for western late
potatoes (Appendix C, lines 128-129) and then, if there is no price
goal indicated, proceeds to calculate prices for the other crops
(Appendix C,.l lines 206-216). If a price goal has been set, neces-
sary adjustments are made and the western price is recalculated
as many times as necessary to achieve the price goal (Appendix C,
lines 133-184). The adjustments also affect prices in the other
areas; hence, those prices cannot be determined until the western
price goal has been achieved and the adjustfnents completed.

The adjustments take the form of changing acreage in the
West to get harvested production into the range that further neces-
sary adjustments can be made by controlling sales of fresh potatoes
from the West, If the calculated price is below the price goal,

" acreage or quantity fresh is decreased to raise the price. The
opposite adjustments are made to lower the price, assuming that

it is desirable not to exceed the goal and thereby encourage competi-
tive production. If the calculated price is two percent or more

away from the price goal, acreage is adjusted. The adjusted
acreage is the basis upon which the bargaining board would specify
production quotas to attain the desired quantity. When the price

is less than two percent from the goal, quantity sold fresh is ad-

justed, The goal is assumed to be met when the price is within one
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percent of the price goal. Prices for the other crops are then
calculated.

Harvested production for the West, total production, and
quantity of potatoes for other uses all must be recalculated when
western acreage is adjusted. If the quantity marketed fresh is
adjusted, a change results in total quantity used for food and for
other uses but total processing is assumed unaffected; hence,
the total per capita consumption is adjusted. A restriction imposed
on the process of adjustment is that quantity for other uses cannot
decline below 14 percent of total harvested production. This mini-
mum was established based on 1956-68 data for use of potatoes as
seed and the amounts taken by shrinkage and loss. The possibility
of reducing the amount of shrinkage and loss could be evaluated
to determine the value or cost of the loss. If the assumed total is
unable to be met because of this restriction, the adjustment is
carried as far as ‘possible towards the goal and price predictions
are based on those adjusted quantities,

This calculated price received is not the price which would
be established by a bargaining board. The average price received
is de‘pendelnt upon the distribution of utilization of the actual pro-
duction. The board would need to establish a contract base price
and marketing margin for fresh.sales, based on information ob-

tained from growers, processors, and shippers, which would



95

achieve the specified average price received. The price equations
used implicitly assume the same marketing and processing
margins as in the past, although a board may be expected to alter

these margins to some degree.

Expe cted Gross Revenues: Expected gross revenues are

determined by multiplying expected prices by expected quantities
harvested. This gross revenue is the value of harvested production
which is higher than actual sales value. Sales value would be
smaller than the calculated gross revenue by the imputed value of
shrinkage and loss, and the value of feed, seed, and household use
on farms where grown. The gross revenue for western late potatoes
is calculated after the western price has been determined (Appen-
dix C, line 186). The other gross revenues are then calculated
(Appendix C, lines 220-224) unléss a gross revenue goal has been
established.

If a revenue goal has been established, adjustments are made
(Appendix C, lines 187-203) in a manner similar to those for price
adjustments. The gross revenue goal adjustment mechanism in
the computer program manipulates western quantity produced or
sold fresh to affect price received. But adjusting acreage one
direction to move price received the opposite direction may result
in failure to change gross revenue in the desired direction after a

certain point. The limit for gross revenue change depends upon
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price flexibilities which are implicit in the coefficients of the western
price equation. It is therefore necessary to provide for stopping
the adjustment process if the absolute rate of change becomes very
small, indicating a limit has been approached on gross revenue
under the particular supply and demand conditions for that year.
An increment of . 2 percent of the previous level of gross revenue
was established as a minimum change to indicate progress toward
the gross revenue goal (Appendix C, line 189). If the goal is unable
to be met, adjustment is carried out as far as possible towards

the goal and the western gross revenue calculated is the limit under
the given conditions. Prices and gross revenues for the other

areas can then be calculated on the basis of the adjusted quantities.

Production Period

The actual production realized in the system during the crop
year may differ from the expected production upon which bargain-
ing was based. The difference is caused by actual yields deviating
from expected yields due to uncontrollable influences. In this
section of the computer program, the final values of expected
acreage from the bargaining section are assumed to have been
planted. Actual yields are generated by the computer program
and used to calculate the actual production in the system for the

crop year.



97

Adjusted Acreage: The block for adjusted acreage is in-

cluded in Figure 3 to indicate the transition from the bargaining
to the production and marketing segments of the model. The
acreages of this block are the actual acreages harvested in each
area and are the same as calculated under expected acreages in
the bargaining period, including the adjusted western acreage.
There are no additional calculations involved in the simulation

program at this point.

Actual Yields: Actual yields are determined by combining

a stochastic element with the expected yields projected in the
bargaining period (Appendix C, lines 227-236). The stochastic
element is included to account for the random effects of weather
and other factors which are likely to cause yields to deviate.from
expected yields. A normal distribution is assumed for these devi-
ations. The stochastic element to be added to or subtracted from
the expected yield for each area is derived by generating a standard
normal variate and multiplying it by the appropriate standard devia-
tion of yield obtained from the estimating equations (Appendix B,
equations 5-9). The procedure is a'p'gq)lied to quantity in the case of

central late potatoes.



98

Quantities Harvested: Quantities harvested are obtained by

multiplying adjusted acreages by yields for each crop. The stoch-
astic effect of weather is thus accounted for in determining results
in the potato system beyond the bargaining period. Since the actual
harvested quantities will usually differ from the expected quantities,
utilization, prices received, and gross revenues will also reflect

this difference.

Marketing Period

The actual values of the marketing sector variables may also
differ from their expected levels upon which bargaining was based.
The difference results from actual harvested production deviating
from expected production. In this section of the computer program,
the actual quantities harvested are used to calculate actual values
of the marketing variables for the crop year. The general calcu-
lation .sequence is the same as employed in the bargaining section

of the program.

Quantities Utilized: It was hypothesized that quantities util-

ized would be affected to some degree by the quantities of potatoes
actually harvested. The assumption is maintained that quantities
actually processed and marketed are determined by processors'

and marketing firms' knowledge of the amounts which they
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individually can sell at acceptable prices., Quantities utilized,
estimated on the basis of per capita consumption trends in the
bargaining period, would be expected to change to the extent neces-
sitated by harvested production. The hypothesized regression
equations treated the dependeni: variables for potato utilization in
food forms as a function of the previous year's utilization, the
change between the previous and current year's quantity
harvested of relevant potato crops, and total expenditures for
food away from home except in the equation for chips. The re-
sulting regression relationships (Appendix B, equations 20-23) are
used to determine quantities utilized (Appendix C, lines 251-259).

When the model was run for an extended period, quantities
utilized estimated on the basis of these equations deviated from the
bargaining period projections based on the logistic curves. Hence,
a restriction was included in the model to require that actual quan-
tities utilized be within ten percent of the expected utilizations for
fresh, dehydrated, and frozen products. These limits were im-
posed to allow reasonable fluctuation while acknowledging the
necessity of maintain established market shares. The restrictions
led to more tenable results from the model.

The per capita expenditure for food away from home was found
to be satisfactorily projected by using the logistic function to deter-

mine annual increases in per capita expenditure (Appendix B,
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equation 19). The per capita expenditure thus projected is multi-
plied by population to determine total annual expenditure (AppendixC,

lines 245-247).

Prices Received: Based on the actual quantities utilized,

the average price received for western late potatoes is calculated
(Appendix C, line 264). If a price goal has been established, any
necessary adjustments are made in the quantity marketed fresh,
since production has already been determined and the board can
only adjust sales allocation at this point. Adjustment limits are
established by the requirements that the actual quantity marketed
fresh must be at least 90 percent of the expected quantity from the
bargaining period and the actual quantity going into other uses must
be at least 14 percent of actual harvested production. The adjust-
ments are carried out until the goal is met, or a restriction pre-
vents further adjustment, and thg final price for western potatoes
is determined. The adjustment mechanism (Appendix C, lines
267-305) is similar to that used in the bargaining period. Prices
received for the other crops, based on adjusted or unadjusted
quantities as appropriate, are then calculated (Appendix C,

lines 308-317).
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Gross Revenues: Gross revenues are derived from quantities

harvested and actual prices received for each of the crops (Ap-
pendix C, lines 318-321). If a goal is established for gross revenue
in the western late area, adjustments are carried out subject to the
restrictions discussed regarding attempts to achieve price goals
(Appendix C, lines 281-305). The provision to stop adjustment
when the absolute change is less than . 2 percent of the previous
level of gross revenue is included in the program, as it was in the

case of expected gross revenue adjustments.

Retail Prices: Some measure of the effect on final product

prices is required to permit evaluation of the relative effects of
various bargaining board actions on consumers. Data are available
over a period of time long enough to permit analysis for retail
prices of frozen french fries and fresh potatoes,but not for dehy-
drated products or potato chips. Several factors indicate that
retail prices for fresh potatoes and frozen french fries can be esti-
mated using a single-equation technique. These factors include
trends in consumption of potatoes accompanied by fluctuation in
prices for fresh potatoes and potato products, and the assumption
that processors and marketing firms determine quantities in-
dividually marketable at suitable prices.

It was hypothesized that retail prices for fresh potatoes are

influenced by per capita utilization of fresh potatoes, total per
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capita use of potatoes for processed products, time, and the
average price received by farmers for all potato crops. The
variable for per capita consumption of fresh potatoes was not
significant in the estimated relationship (Appendix B, equation 24).
The retail price of frozen french fries was hypothesized to be
influenced by per capita utilization of potatoes for frozen products
and for fresh use, expenditures for meals away from home, time,
and price of western late potatoes. Only per capita fresh utilization
and western price received proved significant (Appendix B,
equation 25). These equations are used to estimate retail prices
of fresh potatoes and frozen products (Appendix C, lines 322-327).

Using retail prices for frozen products is not completely
satisfactory since over half of the frozen products are sold for
institutional use. But the available information on institutional
sales is for f.o.b. prices; hence, derivation of a consistent
weighted average price for retail and institutional sales is impos-
sible. If the retail price is assumed to reflect general market con-
ditions for frozen products, then the estimated price provides a
useful measure. These calculated retail prices should be inter-
preted as indicating relative effects on consumer welfare from
different bargaining board actions rather than as absolute results

expected from specific actions.
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Information Generated by the Potato Simulation
Model

The actual values of the variables generated in the production
and marketing periods are the relevant ones for evaluating actions
of a western bargaining board. Variables chosen for analysis are
those which give information of interest to the three parties con-
cerned in bargaining: producers are interested in quantities pro-
duced and prices received; processors and handlers are most con-
cerned with quantities utilized, retail prices, and prices received
by farmers; consumers are affected by retail prices and quantities
going into different uses.

Although values for these variables are calculated and printed
for each year of model operation, statistics which summarize the
large amounts of data generated are needed to facilitate evaluation
of different actions. The level of each variable is indicated by its
mean over thé simulated time period, and the coefficient of varia-
tion indicates variability about this mean. The endogenous vari-
ables for which these summary statisfics are generated are listed
in Table 2. The mean of these variables will be presented for
selected model runs as a basis %or analysis of the bargaining board

policies tested.
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Verification of the Potato Simulation Model

The model was verified before using it to simulate and eval-
uate alternative bargaining board actions. Inferences cannot be
made about regression relationships projected beyond the range
of the data from which they are estimated. The equations of the
model were estimated from data generated by components of a
system hypothesized to interact in a manner similar to that assumed
in the simulation.model. However, it is important to test the model's
dynamic nature over a period of simulated years by determining the
degree of agreement between model and actual system results.

One measure of model validity mentioned earlier is ability
to duplicate behavior characteristics of the system under study--
stability, growth, and time relationships between changing vari-
ables. Two different methods have been used to test the model's
ability to reproduce behavior characteristics of the potato system.
First, the model was run for a period of time over which data are
available for comparing actual and simulated results. Secondly,
the model was run for an extended period of time to provide a basis
for judging reasonableness of growth, stability, and time relation-

ships between the changing endogenous variables of the model.
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Output Variables from Potato Simulation Model.

Symbol

Variable

Units

AWL

AQWL

APWL

AGRWL

AQFR

AQFF

AQD

AQC

AQO

APFR

APFF

AQEL

APEL

AQCL

APCL

AQE
APE

AQI

API

Harvested acreage of western late

potatoes

Harvested quantity of western late

potatoes

Season average price received for
western late potatoes
Value of western late potatoes har-

vested

Quantity of potatoes utilized for fresh

food

Quantity of potatoes utilized for frozen

food products

Quantity of potatoes utilized for dehy-
drated food products
Quantity of potatoes utilized for potato

chips

Quantity of potatoes utilized for other

than food

Annual average retail price of fresh

potatoes

Annual average retail price of frozen

french fries

Harvested quantity of eastern late

potatoes

Season average price received for
eastern late potatoes
Harvested quantity of central late

potatoes

Season average price received for
central late potatoes

Harvested quantity of early potatoes

Season average price received for

early potatoes

Harvested quantity of intermediate

potatoes

Season average price received for
intermediate potatoes

thousand acres
thousand cwt.
dollars per cwt.
thousand dollars
thousand cwt.
thousand cwt.
thousand cwt.
thousand cwt.,
thousand cwt,
cents per pound
cents per pound
thousand cwt.
dollars per cwt,
thousand cwt,

dollars per cwt,
thousand cwt,

dollars per cwt.
thousand cwt.

dollars per cwt.

Continued
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Table 2--Continued.

Symbol Variable Units

RAQWL Ratio of western late to total
harvested quantities
RAGRWL Ratio of western late to total value of
potatoes harvested
WAPWL Weighted average price received for
western late potatoes dollars per cwt.

Historical Comparison

Model results were generated for an ll-year period repre-
senting the 1958-68 crop years and compared to observed data from
that period. The 1958 crop year was the first for which model re-
sults could be generated, since 1956 data were the earliest available
for certain variables which are lagged two years in the model.
Using results from the actual system to start the simulation model
assumes that if a bargaining board were established in the potato
system, it would start operations given the condition of the system
at that time. Further, observed values of the variables provide
the information available to decision makers in the system.

Results comparable to the actual operating system are ob-
tained by generating the endogenous variables based on the rela-
tionships discussed previously, No bargaining board goals are set
in generating these results. In this approach, stochastic elements

used to estimate actual crop yields would be expected to have some
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influence in causing model results to differ from those of the actual
system. Hence, the model is also run substituting historic yields
for each year for the stochastic values generated in the production
section of the model. For the central late crop, historic quantity
is substituted for the stochastic quantity. . This procedure is ex-
pected to lead to model results more closely duplicating behavior
characteristics of the system over the 11-year period than when
stochastic yields are used. The mean values of the variables
observed for the actual system and each of the two simulated runs
for the 1958-68 crop years are presented in Table 3.

For most of the variables, the mean of simulated values
based on historic yields are as good as or better than simulated
values using stochastic yields as predictors of the observed values
of the actual system. This is in accord with expectations. But the
improvement in the estimates using historic rather than stochastic
yields are generally small relative to the observed actual system
values. Hence, thé conclusion is drawn that the stochastic yield
generation is not unduly affecting the model's ability to duplicate
the actual system.

The relative difference between the means of the simulated
results based on the stochastic yields and those of the actual system
indicate that the model duplicates the behavior characteristics of

the system reasonably well. Of the ten quantity-harvested



Table 3. Comparison of Simulated and Observed Results, 1958-1968.

Simulated with yields Percent change: Coefficient of variation

based on observed to simulated Simulated
Observed Stochastic Historic Stochastic  Historic Observed Stochastic Historic
AWL 452.10 452,81 449.82 .2 - .5 11.2 10.3 10.1
AQWL 102, 490.00 103,167.27 101,803.92 .7 - .7 18.0 16.5 14.4
APWL 1.85 1.92 1.86 3.8 .5 30.8 17.7 12.0
AQFR 145, 348. 00 145,625.31 145,563.08 .2 .1 7.8 7.1 6.9
AQFF 25,177.00 22, 168. 28 21,916. 54 -12.0 -13.0 51.3 49,0 49.6
AQD 13,092.00 12, 404.50 12,371.84 - 5.3 - 5.5 46.2 45,1 44.4
AQC 26,447.00 27, 349. 29 27, 349. 29 3.4 3.4 22.1 18.5 18.5
AQO 66, 034.00 64, 402.93 67,115,110 - 2.5 1.6 19.8 10.2 15.0
APFR 7.13 6.84 6.75 - 4.1 - 5.3 13.2 5.9 4.7
APFF 30.90 31.64 31.58 2.4 2.2 10.4 10.4 10.7
AQEL 73,161.00 70, 368.03 72,548.61 - 3.8 - .8 3.7 5.0 6.1
APEL 2.02 2.10 2.02 4.0 .0 34.2 16.3 11.4
AQCL 55, 023.00 54, 154. 27 55, 022.73 - 1.6 .0 7.6 7.6 10.6
APCL 1.89 1.97 1.89 4.2 .0 34.4 15.9 11.2
AQE 8,441.00 8,392.53 8, 648.22 - .6 2.5 12.7 11.4 10.4
APE 3.18 3.23 3.10 1.6 - 2.5 24.2 12.8 12.1
AQI 36, 706,00 35, 868. 21 36, 292. 37 - 2.3 - 1.1 9.0 6.8 6.7
API 2.68 2.94 2.77 9.7 3.4 32.8 22.0 18.4
RAQWL .37 .38 .37 2.7 .0 0.4 7.5 11.0
WAPWL 1.83 1.92 1.88 4.9 2.7

80T



109
and price-received variables, only the simulated mean price
received for intermediate crop potatoes deviates more than
five percent from its value in the actual system. Other variables
which approach or exceed five percent deviation between simulated
and observed values are 'weighted‘price for western late potatoes
and quantities of potatoes utilized for frozen and dehydrated products.
Thus, the growth of the variables generated by the model is fairly
representative of that for the actual system over the period for
which data exists for comparison,

An indication of the relative stability of the simulated and
actual systems is given by the coefficient of variation (the standard
deviation expressed as a percent of the mean) of the variables over
the 11-year period. Coefficients of variation which are nearly the
same for a variable in the simulated and actual system indicate that
stability characteristics of the system are duplicated by the model.
The simulation model gives estimates for the variables which are
generally slightly more stable than those of the actual system, as
indicated by smaller coefficients of variation in Table 3, The
greatest increases in stability of model-generated variables over
those of the actual system involve average prices received by
farmers for each of the crops and the retail price of fresh potatoes.
Further analysis would be needed to determine the cause of this

greater stability of simulated results and the changes needed in
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the model to better duplicate the variability of these observed prices.
One possible explanation is that price inelasticity of demand, at the
farm level generally and at the retail level for fresh 'potatoesé cause
these observed prices to fluctuate widely with relatively small
changes in the quantities influencing them. Hence, differences in sta-
bility between model estimates and observed quantities aremagnified in

determining price estimates and the spread in stability increases.

Extended Projection

Another test of the model was conducted by generating results
for a 40-year period starting with 1958 under three different condi-
tions: no goal specified, a gross revenue goal increasing six percent
annually, and a price goal increasing three percent annually. These
tests were made to assure that untenable results were not obtained
when the model was run for an extended period and served as a basis
for model revision incorporating restrictions on actual
quantities marketed fresh and for other uses. The criteria of
judgment must be apparent reasonableness of the estimates, since
there is no way of knowing what levels should be expected for most
of the variables. The model used here was judged to give reasonable
results over the extended runs in addition to acceptably duplicating
growth and stability of the system.

No attempt is made to test the model's ability to duplicate
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yearly results of the system and it is not expected to do so. In
using the model to test alternative bargaining board policies,
relative levels of the variables and their stability may be deter-
mined under alternative policies. The absolute level of the vari-
ables calculated each year should not be treated as precise estimates
of actual levels. Using the means and standard deviations of the
variables to evaluate results under simulated policies over a

period of time should give reliable results.
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VI ANALYSES OF BARGAINING BOARD POLICIES

Method of Analysis

Assuming the model gives reasonable results over the 11-year
period tested against actual data, a deci§ion needs to be made on
the length of time which can be simulated beyond that period. To
test policies of a bargaining board it is necessary to project opera-
tion of a board in the system. The approach used here is to assume
that a board is established starting in 1968. Operation of the
system is simulated only to 1980, since all projections assume the
general trends and relationships observed in the past will continue
basically unchanged over the projection period.

No comparable historical data exists for the 196.8-80 period
without a bargaining board. A basis for comparison of results
simulated under assumed bargaining board alternatives is provided
by a base run for 1968-80. The base run, against which all other
runs are compared, consists of values of the endogenous variables
generated bylthe model when it is run with no goals or other inter-
ference. The base run represents projection of the present system
into the future. The base run will not precisely duplicate the re-
sults expected from the actual system over that period. However,

the previous comparison of simulated and actual results for
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1958-68 indicates that the base run values should be reasonable
estimates of the actual systemlvalues. The important point is
that all alternatives will be evaluated by comparison with this
base run and the relative results will be used to evaluate the

alternatives.

Bargaining Board Alternatives Tested

Most of the goals previously specified as reasonable for a
bargaining board were tested by simulating results under different
levels of the assumed goals. A goal of increased price stability
was tested using a range of prices which included the average price
received for the western late crop in the base run. Reduced
yearly price fluctuations, implied by price stability, were ob-
tained by setting the price goal at a constant level over the entire
period. The model mechanism then forced adjustments in other
variables to result in an average price received for the western
late crop which was very close to the specified price level.

A goal of increasing prices was tested by using various rates
of increase in the price goal, with the initial price goal for all
runs equal to the price received in the first year of the base run.
Results of this test led to use of a five percent annual rate of in-
crease for testing the goal of increased level of prices received

regardless of fluctuation. A range in levels of initial price goal
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was chosen to include the price received in the first year of the
base run. Increasing the various initial price goals by five percent
annually resulted in different average levels of price received for
western late potatoes over the period.

To test a goal of increasing gross revenue, a number of
increase rates for gross revenue were used. The initial gross
revenue goal for all runs was set equal to the gross revenue ob-
tained for the first year in the base run. Tests of a policy to
increase western acreage by various amounts each year were con-
ducted using a range of rates of increase which seemed reasonable,
starting with acreage in the first year for all runs equal to that for
the first year of the base run. The goal of increased per capita
food consumption was tested by using different values at which
total per capita food consumption was fixed. Another test of this
goal was conducted in which per capita consumption was increased
one pound annually from the initial level of 110 pounds annually.
Per capita food consumption of 110 pounds annually was assumed
in all the years for the base run and for all other policy tests.

No test was specifically conducted to test stabilized quantity
on the market or through processing facilities to achieve more
efficient operation. Quantities utilized under the various other
alternatives tested were examined as a means of evaluating the

results. If two alternatives gave nearly the same results for most
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variables, the coefficient of variation for quantities utilized
could be used to choose the alternative which would result in the

most stability of quantity processed or marketed fresh.

Results of Tests

The results of the tests of various policy alternatives are
presented by tabulating the mean values of the variables over the
13-year period for several levels of the alternatives being tested
and for the base run. The percentage change from the base values
to the values of the level chosen for comparison are presented as
the last column in each of the tables. The 'percentage change is
shown for variables most important to western late producers and
showing the greatest changes. The alternative chosen for compari-
son with the base is generally the one resulting in the highest
average level of gross revenue for western late potatoes. Of the
additional runs made, only enough are presented to give an indica-
tion of the variation in results under alternative levels of the policy’
variable being tested.

The mean of the aggregate gross revenue for western potatoes
over the simulated period generally reaches a maximum for one
of the policy levels. This result occurs because percentage changes
in production exceed percentage changes in price in the opposite

direction after the point in adjustment where farm price elasticity
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of demand switches from elastic to inelastic. Then, further re-
ductions in production do not increase price enough to raise gross
revenue. The maximum average gross revenue under bargaining
board policies never attains the level achieved in the base run, at
least partly because greater amounts of resources are used for
potato production in the base run. The bargaining board is assumed
to limit resource use through production quotas to achieve the goals
specified.

Using the mean aggregate level of gross revenue as a cri-
terion for choosing the best alternative assumes that the aggregate
welfare of western late potato producers increases with higher
levels of gross revenue. Since more resources may be committed
to attain the higher gross revenue, net revénue may provide a better
basis for determining the welfare of producers under different alter-
natives. However, information on production costs and their
variation under different levels of production are unavailable.
Lacking information on production costs, the return on resources
committed to achieve a given gross revenue can be evaluated by
assuming that a larger quantity produced indicates use of greater
amounts of resources. Then, the weighted average price re-
ceived, which is the gross return per hundredweight of potatoes
produced, can be used as a criterion of evaluation.

The weighted average price received generally increases as
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prices are raised under more restrictive production limits imposed
by a bargaining board. If some economies of size in potato
production are lost under production restriction, then the cost
increase per hundredweight relative to the revenue increase

would need to be evaluated. No best alternative level of a policy
can be chosen on the sole basis of weighted average price received
if it continues to increase as western production is further re--
stricted. This measure should be used in conjunction with aggregate

gross revenue and the other variables to evaluate alternatives.

Price Stability Policy

The results of a policy to increase price stability are shown
in Table 4. The largest aggregate gross revenue for any level
of price stability tested occurred when the goal was set at $3.10
per hundredweight, Western late potato producers would fare
better under the present system than under a bargaining board
which attempted to 'sta_bilize the annual average price received at
$3.10 per hundré:d\!:vei"'ght. Under this goal,average gross revenue
for the Western-systlerﬁ is down nearly nine percent and the average
revenue per hundredweight is down nearly four percent from the
base run.

Processors would use less than three percent fewer potatoes

for frozen products, but the retail price for frozen products would



Table 4. Results of Price Stability Policy.

Level at which price received is stabilized

Percent change:

base to
Base $3.00 $3.10 $3. 20 $3.30 $3.10
AWL 624.80 607.15 589.12 568.37 549. 27 - 5.7
AQWL 156, 648. 00 152,662.02 148, 139,66 142, 946.31 138, 164.03 - 5.4
APWL 3.18 3.01 3.12 3.21 3.32 - 1.9
AGRWL 506,903.79 459, 628. 43 461,813, 37 459, 493,27 458,681.62 - 8.9
AQFR 88, 492,55 100, 027.04 99, 086.42 99, 361.60 98, 722. 45 12.0
AQFF 65,037.22 63,961.63 63,691.40 63, 394, 22 63,101. 41
AQD 44,408.70 44, 416.99 44,416,99 44, 416.99 44,416.99
AQC 40, 260. 00 40, 260. 00 40, 260.00 40, 260. 00 40, 260. 00
AQO 92,474.69 78, 341, 32 75, 992. 42 71, 781.89 68,905. 15 -17.8
APFR 8.99 8.83 8.88 8.92 8.97 - 1.2
APFF 18. 42 20. 33 20. 25 20. 39 20. 36 9.9
AQEL 70, 227. 20 69, 875. 26 70, 397. 66 70, 881.04 71,406.68
APEL 2.63 2.47 2.59 2.70 2.82
AQCL 65, 700. 22 65, 700. 22 65, 700. 23 65, 700. 22 65, 700. 22
APCL 2.69 2.80 2.90 3.02 3.12
AQE 7, 945. 04 8,098.51 8,176.86 8, 265.87 8, 346. 97
APE 2.88 2.94 3.01 3.10 3.17
AQI 30, 152.69 30,670.97 31,032.83 31, 421. 26 31, 788. 09
API 3.52 3.58 3.65 3.73 3.80
RAQWL .47 . 46 .45 .44 .43
RAGRWL .50 .48 .47 .46 . 45
WAPWL 3.24 3.01 3.12 3.21 3.32 - 3.7

811
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be ten percent higher than in the base run. Greater fresh sales
from smaller quantities available probably lead to higher prices
paid by processors for potatoes for freezing, and this is reflected
in the smaller quantity processed and the higher average price
passed on to retail.l The consumer would gain from availabiljty
of more fresh potatoes at a slightly lower average price than in
the base run. This greater quantity marketed fresh could be ex-
pected to benefit firms selling or handling fresh market potatoes.
The lower average price paid producer.s for potatoes would also ben-
efit processors and handlers. Generally it appears that a policy
of a bargaining board to increase price stability may benefit the
other parties concerned at the expense of the producers.

But stabilizing price received at $3. 30 per hundredweight may

be desirable for the producers. Total gross revenue would be 9.5
percent below that for the base run but only down slightly from the
$3. 10 price stability level. The weighted average price per hun-
dredweight about be 2.5 percent above the base, compared to a
weighted average price which would be 3. 7 percent below the base
under the $3.10 level. There would still be substantially more
fresh potatoes marketed at approximately the same price as the
base, although consumers would not fare quite as well as at the
$3.10 level, The price of frozen products would be slightly higher

at retail and the quantity slightly less than for the $3.10 level.
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Processors and handlers would not fare as well as under the $3.10
level since slightly smaller quantities would be handled but
prices paid farmers would be up by a greater percentage than
retail prices. Hence, under this price stability policy at the $3. 30
level, producers could fare better on the basis of revenue per
hundredweight produced while fresh handlers and consumers of fresh
potatoes would be better off than in the base. The consumers of
frozen products would have smaller quantities available at higher
retail prices. Prices paid to farmers by processors, indicated
by the average price received by farmers, would increase less
than the retail price increase for fro;en products compared to the
base. One source of increased average price received by farmers
under restricted production conditions established by a bargaining
board is reduced utilization of potatoes for lower-valued nonfood
uses. This source is apparently important under most of the
policies tested, as will be seen in the tables.

Under either level of price stability, producers of other
potato crops would gain over the base run conditions. They would
produce the same or greater quantities and sell them at a higher
average price, implying greater total and per hundredweight

revenue.
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Policy to Increase Price at Various Rates

The results of a policy to increase season average price
received by western late potato producers at different rates are
presented in Table 5. A five percent rate of annual increase gave
the largest aggregate gross revenue over the period, but the mean
value for the western producers was seven percent less than under
the base conditions. However, the five percent annual increase in
price results in a slightly higher average price per hundredweight
produced than for the base run., Consumers would have about 11
percent more fresh potatoes based on the mean quantity over the
period. The greater quantity marketed fresh would result from
attempts to increase the average price received for western late
potatoes.to meet the goal for each year. But the average retail
price over the period would also be about one percent above that
in the base run. An apparent contradiction of the accepted demand
curve for fresh potatoes exists in the higher retail price for a larger
quantity marketed fresh. But the price and quantity variables listed
in Table 5 are average values over the period, and the quantity and
price movements within a given year may still be consistent with
expectations.

Under this policy of increasing the season average price

received by farmers, consumers would pay ten percent higher



Table 5. Results of Policies to Increase Price at Various Rates,

Percent annual increase in price goal Percent change:
base to
Base 3 4 5 6 5

AWL 624.80 641. 04 608.91 573.89 535.82 - 8.1
AQWL 156, 648. 00 160, 665.54 152, 464.93 143, 549.41 133, 786.75 - 8.4
APWL 3.18 2.84 3.04 3.24 3.48 1.9
AGRWL 506, 903.79 464, 341. 77 470, 296. 76 471, 581.82 466,910, 42 - 7.0
AQFR 88, 492.55 101, 087.98 99, 785.82 98, 405, 47 96, 644. 80 11.2
AQFF 65, 037. 22 65, 230. 28 65, 002.87 64, 731. 34 64,517.42

AQD 44, 408.70 44, 416.99 44,414, 84 44, 407. 74 44,414.73

AQC 40, 260. 00 40, 260. 00 40, 260. 00 40, 260. 00 40, 260. 00

AQO 92, 474. 69 82,102.50 76, 993.01 71, 416.13 65,448.11 -27.8
APFR 8.99 8.84 8.95 9.07 9.21 .9
APEFF 18. 42 20. 38 20. 32 20. 26 20.16 10.0
AQEL 70, 227. 20 68, 861.58 69,699.64 70, 605. 29 71,573.10

APEL 2.63 2. 30 2.52 2.76 3.02

AQCL 65, 700. 22 65, 700. 22 65, 700, 22 65, 700. 22 65, 700. 22

APCL 2.69 2.66 2.85 3.05 3.28

AQE 7,945. 04 7, 896. 76 8,014.99 8,144.67 8, 283.92

APE 2.88 2.83 2.96 3.11 3.26

AQI 30, 152.69 29,973.64 30,576. 76 31, 221. 08 31, 941. 07

API 3.52 3.47 3.60 3.74 3.89

RAQWI, .47 .48 .47 . 45 .43

RAGRWL .50 .50 .48 . 46 .44

WAPWL 3.24 +2.89 3.08 3.29 3.49 1.5

21
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average price for nearly the same quantity of frozen products as
in the base run. Since the retail price of frozen products in-
creases substantially more than the farm price received, processors
of frozen products should fare better given a board with such a
policy. Fresh handlers would pay an average price to farmers
which is increased by a greater proportion than the retail price.
The larger additional quantity handled may benefit or hurt han-
dlers, depending upon their cost structure. If fixed costs were
such that the additional quantities resulted in lower unit costs,
the increased quantities could be favorable to handlers. Again,
producers in other areas would gain under-a price increase goal

compared to the base conditions.

Price Level Increase Policy

A goal of increasing the average level of price received by
western producers regardless of fluctuations leads to the results
shown in Table 6. Based on the results of the previous test of
increasing price at various rates, the five percent rate of in-
crease is used in this test., Varying the initial price level leads
to different average price levels over the period. The highest
average gross revenue for the system is attained with a price
initially set at $2. 36 per hundredweight. This is the same price

as the initial price which was increased at various rates in the



Table 6.

Results of Price Level Increase Policy.

Initial level of price goal (5 percent annual increase)

Percent change:

base to

Base $2.16 $2. 26 $2. 36 $2. 46 $2. 46
AWL 624.80 621.83 598. 06 573.89 548. 68 -12.2
AQWL 156, 648. 00 155,570.80 149, 598. 36 143, 549,41 137, 204.99 -12.4
APWL 3.18 2.96 3.10 3.24 3. 38 6.3
AGRWL 506, 903.79 467, 450. 14 470,532. 08 471,581.82 469, 375.60 - 7.4
AQFR 88, 492. 55 100, 731. 35 99, 541. 75 98, 405. 47 97, 746.40 10.5
AQFF 65, 037. 22 65, 389. 74 65, 061.05 64, 731. 34 64, 433. 01
AQD 44, 408. 70 44,415, 34 44, 416.99 44, 407. 74 44, 416. 99
AQC 40, 260. 00 40, 260. 00 490, 260. 00 40, 260. 00 40, 260. 00
AQO 92, 474.69 78, 003.17 74, 779. 55 71, 416.13 67, 287.97 -27.2
APFR 8.99 8.94 9. 00 9.07 9.14 1.7
APFF 18. 42 20.42 20. 34 20. 26 20. 26 10.0
AQEL 70, 227. 20 69, 260. 48 . 69, 930. 71 70, 605. 29 71, 271.75
APEL 2.63 2.44 2.60 2. 76 2.91
AQCL 65, 700. 22 65, 700. 22 65, 700. 22 65, 700. 22 65, 700. 22
APCL 2.69 2.79 2.92 3. 05 3. 20
AQE 7, 945. 04 7, 946. 23 8, 045,55 8,144.67 8,251.73
APE 2.88 2.92 3.01 3.11 3.21
AQI 30, 152.69 30, 321.87 30, 784.50 31, 221. 08 31, 715.67
API 3.52 3.55 3.64 3.74 3.83
RAQWL .47 .47 .46 .45 .44
RAGRWL .50 .48 .47 . 46 .45
WAPWL 3.24 3.00 3.15 3.29 3.42 5.6

144!
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tests presented in Table 5. Hence, the results in Table 6 under
the $2. 36 initial price are identical to those in Table 5 under the
five percent rate of annual increase in price goal and will not be
reiterated, Instead, the initial price goal of $2.46 is used as the
comparison level in Table 6, although the average gross revenue
for the western producers is down slightly from its maximum
which is attained under the $2. 36 initial level for the price goal.

The revenue per hundredweight produced is substantially
higher under stabilityat$2. 46 than in the base run. Greater quan-
tities are sold fresh and at a slightly higher average retail price,
but slightly decreased quantities are used for frozen products
which are sold at a ten percent higher average retail price., Based
on this limited information, it is difficult to assess the effect on
processors and handlers. Though they would pay an average of
over six percent more to potato producers, they would handle
larger quantities and obtain greater revenues at the retail
level. Producers in other areas would benefit from this bargaining

board policy.

Gross Revenue Increase Policy

Gross revenue increase policies give the results shown in
Table 7. The 12 percent rate of annual increase in gross revenue

goal gives nearly the highest aggregate gross revenue for the western



Table 7. Results of Gross Revenue Increase Policy.

Percent annual increase in gross revenue goal

Percent change:
base to

Base 8 10 12 14 12
AWL 624.80 558. 00 524.67 525.13 525.17 -16.0
AQWL 156, 648. 00 139, 589.99 131, 435.04 131,548.88 131,557.56 -16.0
APWL 3.18 3.47 3.75 3.77 3.77 .18.6
AGRWL 506, 903.79 492, 273.03 499,138.67 501, 667.80 501, 850.48 - 1.0
AQFR 88, 492. 55 90, 727. 40 84, 925.15 83, 928. 79 83,854, 22 - 5.2
AQFF 65, 037. 22 64, 251.81 63, 753.89 63, 779.64 63, 781.62
AQD 44, 408. 70 44,404, 68 44,416, 99 44, 416.99 44,416, 99
AQC 40, 260. 00 40, 260. 00 40, 260. 00 40, 260.00 40, 260. 00
AQO 92, 474. 69 76,979.13 77, 312.85 78, 455.10 78, 540. 81 -15.2
APFR 8.99 9.14 9. 25 9. 26 9. 26 3.0
APFF 18.42 19.08 18. 26 18. 09 18. 07 - 1.8
AQEL 70, 227. 20 71, 592. 36 73, 020.69 73,100.70 73, 106.85
APEL 2.63 2. 98 3.26 3.28 3.28
AQCL 65, 700, 22 65, 700. 22 65, 700. 22 65, 700. 22 65, 700. 22
APCL 2.69 3.10 3.24 3.24 3.24
AQE 7, 945. 04 8,221.70 8, 366.79 8, 362. 31 8, 361.96
APE 2.88 3.16 3.27 3.27 3.27
AQI 30, 152.69 31,518. 74 32,146.13 32,128.41 32,127.05
API °  3.52 3.78 3.89 3.89 3.89
RAQWL .47 .44 .42 .42 .42
RAGRWL .50 . 46 .45 .45 .45
WAPWL 3.24 3.53 3.80 3.81 3.81 17.6

921
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growers. The levels for other variables are nearly identical
under the 12 percent rate with those achieved under higher rates
of increase, since restrictions built into the model become effec-
tive in the latter years of the period when goals become too high
to be met.

Comparing the results under the 12 percent rate of increase
with the base results indicates that average aggregate gross revenue
is one percent lower than under base conditions, but the revenue
per hundredweight produced is nearly 18 percent greater. Con-
sumers have fewer fresh potatoes and frozen products available
with.a higher retail price on fresh and lower on frozen products.
The reduced quantities marketed fresh and utilized for frozen
products are bought at a higher average price from the producers
and sé)ld at only slightly higher prices to consumers. Hence,
processors and handlers are worse off than in the base run.
Producers in other areas are better off in terms of aggregate

gross revenues and revenue per hundredweight produced.

Acreage Control Policy

Attempts of a bargaining board to operate by controlling
growth in western late acreage planted give results summarized
in Table 8. The highest average gross revenue occurs at the three

percent annual rate of increase in western late acreage. At this



Table 8. Results of Acreage Control Policy.

Percent annual increase in western late acreage Percent change:

base to
Base 2 3 4 5 2
AWL 624.80 584. 84 622.19 662.39 705. 66 6.4
AQWL 156, 648. 00 146, 490. 41 156, 018. 08 166, 282.42 177,340.61 6.5
APWL 3.18 3.38 3.19 2.99 2.76 6.3
AGRWL 506, 903.79 503, 282. 31 506, 399. 14 503,504.32 492, 882. 35 o7
AQFR 88, 492. 55 88, 419.90 88,477.04 88,537.73 88,602.14 .1
AQFF 65, 037.22 64, 707.67 64, 963. 74 65, 229. 30 65,504.72
AQD 44, 408.70 44,416. 84 44, 416. 40 44,416, 44 44, 416.99
AQC 40, 260. 00 40, 260. 00 40, 260. 00 40, 260. 00 40, 260. 00
AQO 92,474.69 84, 696. 78 92, 184. 23 100,272.12 109, 008.52 8.4
APFR 8.99 9.10 8.99 8.87 8.73 1.2
APFF 18. 42 18.59 18.42 18. 25 18. 05 .9
AQEL 70, 227. 20 71, 234. 36 70, 360.52 69, 425. 22 68, 424. 24
APEL 2.63 2.87 2.64 2.40 2.14
AQCL 65, 700. 22 65, 700. 22 65, 700. 22 65, 700.22 65, 700.22
APCL 2.69 2.92 2.70 2.45 2.18
AQE 7, 945. 04 8,108.21 7, 967.32 7,816.96 7,656.50
APE 2.88 3.04 2.88 2.71 2.53
AQI 30, 152.69 30, 967.99 30, 255. 26 29, 490. 76 28, 670. 80
API 3.52 3.67 3.52 3.36 3.19
RAQWL .47 . 45 .47 .49 .50
RAGRWL .50 . 48 .50 .52 .55
WAPWL " 3.24 " 3.44 " 3.25 " 3.03 2.78 6.2

8¢1
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rate of acreage increase, the average value over the period is
nearly identical for all variables under the control policy and under
the base conditions. There would be no advantage to establishing
a bargaining board acreage control policy at a three percent rate
of increase. Considering the cost of operatihg the board and
carrying out its policies, the entire system would be better off
without interference.

A higher per hundredweight revenue could be accomplished
by limiting acreage growth to two percent annually. Thus, the
comparisons in Table 8 are based on the two percent rate of in-
crease., Lower quantities processed and sold fresh, as well as
slightly higher retail prices, imply that a small part of the gain
would come at the expense of consumers. The handlers and
processors would contribute to this producer gain.as reflected in
slightly reduced quantities utilized and prices to farmers which are
relatively much higher than are retail prices compared to base
values of each. If an acreage control policy establishing a two
percent annual increase were established, producers could appar-
-ently derive a higher revenue chiefly because the limited production
would result in-substantially fewer potatoes being utilized for lower-

valued nonfood uses.
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Effect of Different Levels of Total Food Use

If the decline in fresh potato consumption lessened while
the increases in consumption of processed products continued, the
total food use of potatoes would increase. All the runs simulated
have been based on the assumption of 110 pounds per capita total
annual food use of potatoes. To determine the effect of other
assumptions which seem plausible on the basis of observed con-
sumption in recent years, stable levels on either side of the 110
pounds of the base run were tested. Table 9 indicates the mag-
nitude of the effects. Since increases in total use for food are
assumed to occur because of increases in fresh consumption,
western producers experience declines in average revenues in
.aggregate and on a per hundredweight basis for levels of total food
consumption which are greater than the 110 pounds of the base run.
Competition for quantities to be marketed fresh and for frozen 0
products results in higher retail prices for the same quantity of
frozen products, Areas producing primarily for fresh sales
receive slighly higher prices than for the 110 pound level of total
per capita consumption.

The possibility of gradual increases in total food use of
potatoes of one pound per year, starting from 110 pounds annually

is also tested. The results of this test are compared to the base



Table 9, Effect of Different Levels of Total Food Use of Potatoes,
Pounds per capita of total food use annually Start 110; Percent change:
+ 1 pound 110 to

107 110 113 115 annually 110 +1
AWL 625. 35 624.80 623.67 622.42 620.65 - .7
AQWL 156, 792. 30 156, 648. 00 156, 347. 74 156, 030. 31 155,566.50 - .7
APWL 3.21 3.18 3.12 3.09 3.01 - 5.3
AGRWL 512,468.37 506, 903. 79 497, 801.43 489, 019. 66 473, 250.87 - 6.6
AQFR 87, 049. 34 88,492.55 91,013.00 93,570. 00 97,831. 35 10.6
AQFF 65, 037, 22 65, 037. 22 65, 040. 18 65,032.22 65, 032. 29
AQD 44,408.71 44, 408. 70 44,.410.29 44, 410.90 44, 408. 79
AQC 40, 260, 00 40, 260. 00 40, 260. 00 40, 260. 00 40, 260. 00
AQO 94, 120, 55 92,474.69 89, 540.55 86,550. 90 81, 648.70 -11.7
APFR 9.00 8. 99 8.97 8.96 8.92 - .8
APFF 18.19 18.42 18.82 19.24 19.91 8.1
AQEL 70, 297. 94 70, 227,20 70, 072. 30 69, 900. 37 69, 662.20
APEL 2,66 2.63 2.59 2.55 2.48
AQCL 65, 700. 22 65, 700. 22 65, 700. 22 65, 700. 22 65, 700. 22
APCL 2.68 2.69 2.71 2.73 2.76
AQE 7,943. 26 7, 945. 04 7,951.34 7, 959.53 7,967.97
APE 2.87 2.88 2.88 2.89 2.91
AQI 30,142.11 30, 152.69 30,191.43 30, 233.60 30, 284. 24
API 3.52 3.52 3.53 3.54 3.55
RAQWL .47 .47 .47 .47 .47
RAGRWL .50 .50 .50 .49 .49
WAPWL 3.27 3.24 3.18 3.13 3.04 - 6.2

1€1
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values, since greater effects are reflected in this run than for the
runs with higher consumption levels which are constant over the
period. Western producers would not fare as well when consump-
tion increased one pound annually as when consumption is stable at
110 pounds annually. The greater proportion of production sold
fresh increases competition for potatoes from about the same
production and results in higher prices for processed potatoes.
Processors would probably pay more for about the same quantities
of potatoes for freezing and pass the price along to consumers
through higher retail prices. Reduction of other uses, rather than
increased production in any region, supplies the majority of the
increased fresh. consumption.

Given the information upon which the model is based, it does
not appear that a bargaining board should adopt programs which
attempt to increase per capita consumption of potatoes in total.
However, this conclusion assumes that the increases would occur
through adjustments in fresh consumption. The results might differ

if consumption of processed products could be increased.

Stability of Variables

The means of the variables over the simulated period, as
presented in the preceding tables, indicate the levels of the vari-

ables which result from different policies. The other information
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of interest available from the model indicates year-to-year fluc-
tuations in the levels of the variables. The coefficient of variation
for selected variables under each of the policy levels discussed
in the preceding sections are presented in Table 10. The variables
selected are ones for which stability over the simulated period
seems desirable. By examining the coefficient of variation for one

Table 10. Coefficient of Variation of Selected Variables Under
Alternative Policies,

Policy AWL APWL AGRWL AQFR

Base 10.8 18.9 29.7 22.6
Price stability at $3.10 22.8 1.0 26.5 15.7
Price increase 5 percent

annually 5.5 19.4 26. 7 17.7
Price level increase from

$2. 46 5.1 19.5 26.1 17.6
Gross revenue increase

12 percent annually 8.6 16.2 26. 2 20. 6
Acreage increase 2 percent

annually 7.7 20.1 29.0 22.6
Food use: 110+1 pound

annually 10.1 15.0 24.5 11.5

variable over all the policy alternatives, it is possible to determine
whether certain policies result in unacceptable variability compared
to other alternatives.

The variability of gross revenue about its mean is approxi-
mately the same for all the policies tested. The variability of

quantity marketed fresh is least under the assumption of one pound
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annual increase in total consumption for food, but the variability
is not greatly different among the various policies tested with
total food consumption assumed constant at 110 pounds annually.

Price received has nearly the same variability under all the
policies except for the policy of forced price stability. The result
of decreasing variability in price received was to increase vari-
ability of western late acreage harvested to a significant extent.
Thus, a price stability policy might be undesirable from the view-
point of resource allocation. If alternative uses for resources
used in potatoes part of the time are not readily available, such a
policy may be undesirable on the basis of this variability. How-
ever, the alternative of stabilizing price at $3.10 was concluded
to be undesirable on other grounds. The possibility of stability
at $3. 30 appeared to give results more favorable to western pro-
ducers than under base conditions. But the coefficient of variation
for western acreage harvested under price-stability at $3. 30 is
24. 3 and may make that alternative unacceptable. Variability of
acreage is generally in the same range among the other policies
tested.

If a board had reasons to place specific limits on variability
of these or other variables, the coefficient of variation could be
examined under various levels of policy variables as one means of

evaluation, Based on the assumptions made here, the only policy
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seeming to result in unacceptable variability is that of price
stability which greatly increases variability of acreage harvested.
But greater stability in acreage under other policies is associated
with much greater price variability than under this policy and the
final evaluation is dependent upon the criteria specified.

An attempt has been made to interpret the results presented
in the tables for the individual bargaining board policies tested.
The final chapter will include a general summary of the results
for the bargaining board alternatives tested in this chapter. Con-
clusions and policy implications pertaining to establishing bargain-

ing boards will also be discussed.
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VII SUMMARY AND CONCLUSIONS

The objective of this thesis was to examine one approach to
attaining farm bargaining power--establishing a farm bargaining
board in a commodity system. PBargaining power was defined as
the ability to negotiate terms of trade given the necessary insti-
tutional and legal framework to make bargaining effective, Legis-
lative proposals furnish a basis for speciying the general nature
of the operation of a bargaining board to attain the bargaining
power desired. The National Agricultural Bargaining Act of 1968
proposed creation of farm bargaining boards at the request of
and referendum approval by producers of a given commodity.
This act provided specific proposals to establish a framework to
make bargaining effective under bargaining boards.

Theoretical sources of gain from establishing a bargaining
board designed in accord with the legislative proposals were
specified. But most of these sources of gain were judged to be
not measurable or of insufficient magnitude to provide gains
worthy of a bargaining effort. To test the results of implementing
a bargaining board in a commodity system, the western late
potato system was selected for analysis. Results of several
economic studies were examined to determine economic inter-

relationships in the potato system. Each of’these studies dealt
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with partial relationships within the system and, thus could not
be used directly for analyzing the entire system.

An economic model of the western late potato system was
specified and potential sources of bargaining gains in the system
were discussed. Control of total production and allocation of
that production into alternative uses were chosen as the most
promising sources of bargaining gains. Control of these variables
would be necessary to effectuate higher prices through bargaining
which cannot be isolated from the influence of market relation-
ships. Assumptions regarding the operation of a bargaining board
in the western late potato system were made. Negotiable produc-
tion and marketing quotas were assumed to be used to effectuate
the desired control. Then operational goals were established as
the basis for evaluating possible alternatives for a board.

A simulation model was developed for evaluating policies
of a western late potato bargaining board in the potato production-
marketing system, The production sector of the model consisted
of five production units: western late potatoes, central late
potatoes, eastern late potatoes, early potatoes, and intermediate
potatoes. The marketing sector of the model incorporated five
alternative uses for potatoes: fresh sales, frozen products,
dehydrated products, potato chips, and nonfood uses. The model

was based on least squares regression relationships developed to
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represent the decision mechanisms of the actual system. A
Fortran computer program of the simulation model was developed
to allow computer testing of alternative bargaining board policies.
The model was judged to give reasonable duplication of histori-
cal relationships in the system and, hence, to be usable for the
desired analysis.

Summary of Results of Bargaining Board Alternatives
Tested

Policy alternatives for a bargaining board were tested by
evaluating results of different levels of assumed operational goals
of a board in the western late potato system. Bargaining goals
tested were:

1. Increased stability of prices received by producers.

2. Increased average level of prices or income received

regardless of fluctuation.

3. Annual increases in prices or income received.

4. Increased or stabilized per capita consumption,

5. Annual increases in western acreage.

Each of the tests were summarized by presenting mean
values of resulting endogenous variables under selected levels
of the policy variable being tested. Results from one level of the

policy variable were chosen for detailed comparison with the
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base run, which served as the benchmark for evaluation,
To summarize the results for the different policies, percentage
differences between the base run and the policy level chosen for
detailed analysis for each policy are presented in Table 11. The
endogenous variables most important to western producers are
included for comparison among the policy alternatives and are

discussed in the following pages.

Table 11. Summary of Results for Various Policies.

Percent change from base level under specified

policies
Price Price Initial Revenue Acreage Increase
stability increase price increase increase food use:
at 5 percent level 12 percent 2 percent 110

$3.10 annually $2.46 annually annually + 1

AWL - 5.7 - 8.1 -12.2 -16.0 - 6.4 - .7
AQWL - 5.4 - 8.4 -12.4 -16.0 - 6.5 - .7
APWL - 1.9 1.9 6.3 18.6 6.3 - 5.3
AGRWL - 8.9 - 7.0 - 7.4 - 1.0 - 7 - 6.6
AQFR 12.0 11.2 10.5 - 5.2 - .1 10.6
AQO -17.8 -27.8 -27.2 -15.2 - 8.4 -11.7
APFR - 1.2 -9 1.7 3.0 1.2 - .8
APFF 9.9 10.0 10.0 - 1.8 .9 8.1
WAPWL - 3.7 1.5 5.6 17.6 6.2 - 6.2

Acreage and Quantity Produced

Western late potato acreage (AWL) and quantity harvested
(AQWL) change together, their absolute differences being deter-

mined by yield which might be viewed as a coefficient of
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proportionality between the two. The least decrease in acreage
from the base run conditions occurs under the policy of increasing
total food use by one pound per year from an initial level of 110
pounds per capita annually. Almost all the additional potatoes
utilized under this policy come from reducfion in potatoes going
into nonfood uses. . There' was no acreage controlor fresh market
allocation mechanism in operation for this test--market inter-
relationships determined the outcome, with the only difference
from the base run being the quantity used for food per capita.

But achieving the same harvested acreage as would prevail
under market operations assumed in the base run would hardly
be a goal of the board. When prices received per unit produced
and the aggregate gross revenue are evaluated, it becomes appar-
ent that the food use increase policy would not be favorable to
western farmers. However, adopting a program to increase per
capita utilization in conjunction with other programs could be
beneficial to western producers, although this possibility was not

tested here,

Price Received

The average price received by western late producers
(APWL) over the tested period is highest for the revenue increase

policy, and lowest for the price stability policy compared to base
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run conditions. The high value under the gross revenue policy
arises because of the large percentage increased forced on gross
revenue which is directly related to price. The weighted average
price (WAPWL) over the period reflects the returns per unit
of potatoes produced and may be a better measure for evalua-
tion. The difference between the base run and the values under
each of the policies are of the same general magnitude for both
the simple average and weighted average prices. Differences
exist in the magnitude of the simple and weighted average prices
over the period under a given policy. These differences are
caused by the effect on the weighted average price from a de-
creasing or increasing trend in quantity of western late potatoes
produced over the test period. .

The greatest weighted average price received occurs under
the revenue increase policy because the least amount of resources
are used under this policy compared to any other policy tested.
This is indicated by the largest reduction in quantity of western
potatoes produced compared to the base. The average gross
revenue under the gross revenue policy is down very little from
the base, althouugh it is down slightly more than under an acreage
increase policy. But under the acreage increase policy, the

quantity produced in the West is much larger. Hence, the

weighted average price is much lower for the acreage control
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policy than under the revenue increase policy, even though it is
the next highest under the policies tested. Since no fresh market
regulation is assumed under this acreage control policy, the
advantage to western producers may be more than is shown in

the revenue figures due to reduced costs of operating the board.
However, it does not appear reasonable that the additional costs
of operating a fresh market quota program in conjunction with
production control would offset the large differences in weighted
average revenue per unit between the acreage control and revenue

increase policies.

Gross Revenue

The average aggregate gross revenue (AGRWL) over the period
is greatest for tested policies under the revenue increase policy and
the acreage increase policy. .Since the aggregate revenue is
less under control policies than under base conditions, the greatest
value under control policies is actually the smallest decrease
from base conditions. All other policies result in significantly
lower aggregate revenue compared to the base condition, but

the differences among them are not great.



143

Quantity Marketed Fresh

The quantity marketed fresh (AQFR) is notably different under
the revenue increase policy and the acreage control policy than
under other policies. While all other policies resulted in at least
ten percent increase in the average quantity available for fresh
market compared to the base, the revenue increase and acreage
control policies resulted in a reduction of the quantity marketed
fresh. Although the reduction under the acreage control policy
was negligible, the decrease under the revenue policy was sig-
nificant, The consumer pays for the increased farm price per
unit produced under this policy, not only through higher retail
prices for fresh potatoes but also through decreased quantity
available for fresh use. It is interesting to note that the quantities
going into nonfood uses (AQO) are not reduced as much under these
policies showing the greatest reduction in fresh sales as under

other policies.

Retail Prices

The greatest increase in retail prices of fresh potatoes
(APFR) comes under the revenue increase policy where quantities
marketed fresh are significantly reduced in comparison to the
base. This same policy is the only one for which retail prices

of frozen products (APFF) are below that in the base run. The
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explanation apparently lies in reduced competition for potatoes
at the farm level as fresh sales are reduced, even though total
production in the West is also reduced to the greatest extent under

this policy.

Conclusions and Policy Implications

The above discussion indicates varying degrees of success
for the different policies tested, depending on the particular vari-
able chosen for evaluating the results. Under all control policies
tested, the average level of western production and acreage are
at least 15 percent above the level in the 1958-68 period of
historical observation. This implies that resources currently
used in potato production would not be underemployed. However,
some restriction on future entry of resources into potato produc-
tion results from regulation under a marketing board compared
with base conditions. The extent of these restrictions are in-
dicated by the reduction in acreage and production compared to
the base. But establishment of a bargaining board by referendum
would imply an assumption that unregulated production and mar-
keting is less acceptable from the viewpoint of western producers.

If the combination of total resources employed and return
per unit of resource employed is established as the criterion

for evaluation, the acreage increase policy seems to offer the
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best results of those tested in terms of benefits to producers
and acceptability to other parties concerned. While acreage
and production are below the base, the reductions are moderate
compared to all the tested policies. Under the acreage increase
policy, aggregate gross revenue is higher relative to the base
than under any of the policies tested and weighted price per
hundredweight produced is second only to that under the revenue
increase policy. The consumer seems to be penalized less by
the acreage control than by the gross revenue policy, except
for the lower retail price for frozen products which occurs under
the revenue policy. Reasonable revenue increases per unit
produced could be obtained by controlling acreage expansion
while not causing serious repercussions from greatly increased
prices to consumers or reduced quantities available to handlers
and consumers.

If it is judged that the lower amounts of resources used under
the revenue increase policy are an acceptable or desirable mag-
nitude of restriction on entry, and that the effécts on consumers
through lower fresh quantities and higher retail 'pri'c'é for fresh
potatoes are not enough to cause repercussions, the gross
revenue policy should be chosen. That policy is more favorable
to the producers in the western late potato industry. The acreage

control policy may give results closer to the gross revenue policy
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than reflected in this study, since the cost of operating an acreage
or production control program alone is less than that of operating
such a program in conjunction with a marketing quota program
as required by the alternative policies. The acreage control
policy must be adjusted yearly, allowing for changing yields, to
attain the desired limits on actual production.

In general, the results obtained in this study imply that a
bargaining board in the western late potato system could provide
higher gross returns per unit produced compared to the results
of the system without interference. But the gain comes at the
cost of restricting resource use in the system. Controlling
resource use may imply reduced efficiency of resource alloca-
tion., The higher income per unit of production also comes at the
expense of reducing management freedom in determining total
production for the system. However, the assumed negotiable
production and marketing quotas allow freedom of internal allo-
cation of resource use under the restrictions on total quantities.
Lower cost producers would be expected to bid away production
certificates from higher cost producers. The result may be
larger individual farms, since potato production costs have been
shown to be lower on larger farms in at least one area (Maier
and Loftsgard, 1964, p. 25). The bidding away of production

quotas from higher cost producers may drive those producers
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into production of uncontrolled crops--a problem inherent in any
type of single-commodity control program.

The western late potato system was chosen for analysis of
the results of establishing a bargaining board in a commodity
system because the industry possesses characteristics deemed
conducive to obtaining bargaining board gains. Among these
characteristics are: (1) price fluctuations due to relative inelas-
ticity of demand for the commodity and variation in yearly pro-
duction; (2) different final market forms for the commodity; (3)

a production area which is relatively well defined, with similar
production response and market demand conditions faced by the
entire group of producers included; (4) importance of the crop in
terms of income and share of the total U.S. market represented
by the bargaining board area; and (5) previous experience with
market order programs, which might indicate ability to affect
system results through manipulation of quantities marketed.
Assuming the western late potato system is representative of
commodity systems possessing such characteristics, implica-
tions are that any commodity system adopting a bargaining board
would need to be willing to accept restrictions on total production
and marketing. Use of negotiable marketing and production quotas
would permit maximum freedom of individual choice within the

limits imposed on the total system. The restrictions would permit
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some gains to be achieved, but the types of bargaining board
actions and the extent of gains will be limited by the supply and
demand characteristics of the particular commodity system.

The higher returns may be distributed to nonlabor factors
of production in the form of higher prices for land most produc-
tive for potatoes, installation costs of irrigation systems, and
other production resoyrces designed to lower production costs.
Gains in other commodity systems may also be distributed to
productive factors important to the system. Capitalization of
the productioq and marketing quotas is another problem which
could lead to lower returns to labor than desired from instituting
a bargaining board. However, the model used here allows no
conclusions regarding the distribution of returns. Elaborate
production and marketing cost data and projections would be
needed to accurately evaluate distribution of gains resulting
from manipulation of production and marketing variables under a
bargaining board in a commodity system.

Drawing conclusions from the average data used in this
analysis about the distribution of the cost of raising farm prices
is also speculative. Precise evaluation of processor and handnler
prices paid for potatoes on the basis of the average price received
is impossible. Assuming that an indicated increase in the average

price received implies higher costs to processors or handlers
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ignores the possibility that most of the gain may come from
merely reallocating sales into higher-valued uses. Refinement
of this analysis is dependent upon collection and release of data
regarding processor and handler prices paid for potatoes. It
is improbable that such data would be available for many com-
modity systems.

The judgment that a marketing board could be a useful policy
tool is based on the criteria specified regarding revenue per
unit of production and aggregate revenue. The costs to be as-
sessed for board operation must be deducted from the weighted
average price received to determine the actual benefit to pro-
ducers, but it should not affect the general conclusion. However,
the costs of operating a board under different policies rmay affect
the choice of the best policy to use. No claim is made that all
reasonable policies have been tested nor that combinations of the
tested policies might not lead to better results. Specific poli-
cies appropriate to other commodity systems might lead to better
results, but the policies tested here include those which seem to

be generally applicable to bargaining board operations,

Use of the Model for Further Research

The model developed here could be used to test other policy

alternatives specified by interested parties. The policy
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alternatives tested are perhaps the most apparent possibilities
but not necessarily the most practical from the viewpoint of
political and social acceptability. The individual policies
could be combined and tested as deemed appropriate for policy
purposes.

One policy alternative not tested in this analysis is regulation
of seasonal market flow of potatoes for fresh use. To test that
possibility, relationships between seasonal quantities sold and
average western price received need to be estimated. Data
availability is a problem but some approximation of the relation-
'ships may be obtainable, although assuming acceptability of
available data could result in misleading conclusions if it is not
a good approximation of the true variables affecting the alloca-
tion.

Specification of criteria for choice of the best alternatives
can greatly affect the conclusions drawn, If reasons exist for
setting specific criteria for the choice, the analysis of results
can be made more definitive. The use of a simulation model to
evaluate policy alternatives has the feature of yielding a number
of plausible conclusions depending upon the criteria used for
evaluation., This permits examination of the effects of one choice
criterion onthemost important of the numerous other variables

generated by the model. Also, large numbers of alternatives and
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combinations can be evaluated at relatively little cost, once the
model is constructed and judged to give acceptable approxima -
tions of the actual operating system.

The results derived from the model are only as good as
the relationships which are used to formulate the model. Revi-
sions of these relationships could be undertaken based on the
judgment of experts in policy formulation and those associated
with the industry. One important criterion for judging the policy
conclﬁsions derived from the model is the realism of the results -
obtained. The judgment here was based on comparisons between
simulated and observed results for the 1958-68 period. It was
then assumed that the relationships would generally remain rea-
sonable predictors through the 1968-80 period. It would be de-
sirable to obtain the judgment of potato industry members as to
the reasonableness of the projections based on their analysis
of the industry's future.

Simulation of policies based upon model revisions could
lead to somewhat different results., Refinement of results and
conclusions drawn therefrom are dependent also upon being able to
quantify the relationships involved. Unless greater detail in
data is available from industry sources, such as might be the
case under an actual bargaining board composed of industry

members, the relationships derived here are based on the best
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dataavailable. Some adjustments may need to be made for non-
quantitative factors that were omitted in the model deve1c°>ped
here.

Additional research which could be valuable in judging the
merits of a western late potato system bargaining board includes
assuming a board simultaneously established in the eastern late
potato system. That area competes with the western system for
fresh and processing markets to a large extent, Assumption of iden-
tical policies or conflicting policies in the two areas could lead
to interactions giving quite different results than the results under
the interactions assumed in this research. Even without assuming
a board in the eastern area, different plausible assumptions than
used here could be incorporated for further analysis. This study
assumed that the responses of other areas would retain the same
characteristics after establishing a western bargaining board as
exhibited in the absence.of such a board.

Development of a similar model for another commodity
system could permit appropriate bargaining board policies to be
evaluated for that industry. The additional analysis might pro-
vide a more sound basis for judging the appropriateness of bar-
gaining boards as a policy tool, since peculiarities of one system
which affect the analysis would carry less weight in the final

evaluation,
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Farm Bargaining Boards as a Policy
Alternative

Implications beyond the potato industry are important, since
evaluation of bargaining boards as a federal farm policy alter-
native is the objective of this research. Discussion of the general
theoretical sources of gain in Chapter III led to the conclusion
that the most significant bargaining gains would generally be
associated with production limitation and/or market allocation.
The amount of restriction necessary for a bargaining board to
coordinate bargaining with market conditions would depend on
the supply and demand relationships in the particular industry.

If the marketing sector of an industry has relatively large profit
margins, marketing margins, or organizational slack, these
sources may allow important bargaining gains for producers.
Knowledge of costs would then be more important in evaluating
bargaining board gains than has been assumed in this study.

The conclusion is reached that bargaining boards offer
a policy tool which can lead to results more desirable for
pro;iucers than those obtained under the system operating without
interference. This conclusion is applicable to industries having
ch#racteristics conducive to a bargaining board operating under

the institutional and legal framework assumed in this study.
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Limitations on the extent of gains obtainable are determined by
supply and demand characteristics of the particular commodity
system. These characteristics measure repercussions arising
from the effects on other producing areas, marketing entities, and
consumers from any actions taken by a bargaining board.

A decision to implement bargaining boards as a policy tool
should be based on additional research into some of the .assump-
tions regarding bargaining boards upon which this analysis is based.
The assumption that the remainder of a commodity system would
continue the pattern of past interactions with the sector in which
a bargaining board was established should be researched. For
example, noneconomic as well as economic impacts of a bar-
gaining board could alter the pattern of interactions between the
production unit establishing the board and competing production
units, as well as between the production unit and the marketing
units,

The legal and institutional framework assumed in this study
may not be the most effective one for establishing a bargaining
board. Alternative formulations for the institutional and legal
framework establishing bargaining boards should be researched
to determine costs of operating a board under various enabling
systems. The costs of operation would depend not only on the

legal-institutional framework, but also on the policies adopted by



a board. The relative political and social acceptability of
alternative methods of operating a bargaining‘board also need
to be evaluated.

Negotiable production and marketing quotas were assumed
as part of the operating mechanism of a bargaining board.
Research is needed on different methods of implementing such
quotas and on other possible methods of obtaining the necessary
control to make a bargaining board effective. The effects
of using different control mechanisms should be evaluated for
their impacts on distribution of costs of operating a bargaining
board and their impacts on distribution of any gains achieved.

This study shows that some benefits to producers could
be derived from establishing a bargaining board under the
assumed operating mechanisms and economic conditions, The
additional research cited should provide the basis for rejecting
or implementing bargaining boards as a policy tool for U. S,

agriculture.
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Appendix Table 1.

APPENDIX A

Harvested Acreage of Potatoes.
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Year Early Intermediate Eastern Central. Western
late late late
Thousand acres

1951 41.0 304.8 355.0 357.4 290.3
1952 38.7 299.0 396. 2 358.0 305.5
1953 54.9 340.2 395.3 398.4 347.6
1954 44.9 283.1 373.4 380.3 330.9
1955 56.0 285.0 365.3 350.1 348.6
1956 59.9 254.3 349.3 345.0 362.5
1957 75.6 259.1 331.8 - 321.9 - 371.0
1958 65.7 258.7 .345.2 348.1 410. 7
1959 . 51.9 216.4 327.5 346.7 388.2
1960 49.3 227.8 334.2 367.7 407. 2
1961 48.9 223.17 331.9 407.1 468.6
1962 46.1 . 186.8 318.8 359.2 436.2
1963 48.8 189.0 304.9 367.1 413.3
1964 45.6 162.2 305.9 344, 2 414.0
1965 54.7 188.7 308.0 353.0 - 479.1
1966 61.1 200. 4 323.8 361.4 517.3
1967 52.7 190.1 316.3 371.2 527.0
1968 55.0 168. 7 302.9 339.4 511.6
Source: U.S.D.A,, S.R.S., 1951-1969.



Appendix Table 2.

Yield Per Acre of Potatoes Harvested,

163

Year Early Intermediate Eastern Central Western
late late late
Hundredweight
1951 144 107 180 111 185
1952 152 108 171 117 207
1953 142 116 180 112 197
1954 168 117 179 126 193
1955 160 133 200 106 202
1956 155 132 230 139 206
1957 148 148 220 121 219
1958 147 146 222 144 225
1959 138 166 214 139 217
1960 137 180 218 146 204
1961 196 191 231 143 225
1962 164 182 241 157 206
1963 185 189 242 148 237
1964 173 194 234 145 194
1965 157 192 232 171 239
1966 164 198 220 155 251
1967 149 198 233 159 242
1968 162 205 230 173 239
Source: U.S.D.A,, S.R.S., 1951-1969.
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Appendix Table 3. Harvested Quantity of Potatoes.

Eastern Central Western

Y Earl t iat
ear arly Intermediate late late late

Thousand hundredweight

1951 5, 885 32, 736 63,975 39,586 53,594
1952 5, 895 32,263 67,907 41, 775 63, 255
1953 7,822 39, 634 71, 386 44, 480 68, 357
1954 7,552 33, 254 67,023 47,820 63,898
1955 8,975 37,993 73,016 37, 248 70, 464
1956 9, 282 33,462 80, 360 48, 092 74, 596
1957 11, 198 38, 432 72,906 38,873 81,113
1958 9, 674 37,678 76,817 50, 238 92, 490
1959 7, 145 35, 931 70, 053 48,055 .84, 088
1960 6, 753 40, 932 72, 859 53, 644 82,916
1961 09,612 42,828 76, 800 58,327 105,599
1962 7,582 34, 089 76,917 56, 340 89, 882
1963 9,018 35, 763 73,779 54, 450 98, 148
1964 7,877 31, 441 71, 474 49, 848 80, 436
1965 8,599 36, 183 71,533 60,473 114, 381
1966 10, 008 39, 677 71,283 56,163 129, 771
1967 7,834 37, 636 73,581 58,978 127, 305
1968 8, 904 24, 512 69, 672 58, 734 122, 370

Source: U.S.D.A., S.R.S., 1951-1969.
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Appendix Table 4. Season Average Price Received by Farmers

for Potatoes. .

FEastern Central Western

E .
Year arly Intermediate late late late

Dollars per hundredweight

1951 2.70 2.32 2.83 2.89 2.58
1952 4.14 4,12 2.97 3.28 2.90
1953 2.95 1.54 1.06 1.42 1.18
1954 2.39 2.60 2.18 1.93 2.-01
1955 3.62 1.96 1.62 1.93 1.50
1956 3.43 4.39 1.64 1.48 1.49
1957 1.98 1.52 2.21 2.28 1..66
1958 2.50 1.81 1.28 1.14 1.10
1959 2.66 3.04 2.33 1.93 2.04
1960 3.69 2.43 1.68 1.75 2.07
1961 2.31 1.71 1.34 1.32 1.16
1962 2.76 2.29 1.55 1.54 1.50
1963 2.42 1.87 2.00 1.64 1.59
1964 3.34 3.60 3.71 3.62 3.21
1965 4.97 4.56 2.49 2.03 I.93
1966 3.10 1.98 2.11 2.13 1.87
1967 3.29 2.46 1.66 1.74 1. 74
1968 3. 27 2.90 2.11 1.90 2.17

Source: U.,S.D.A., S.R.S,, 1951=1959,
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Appendix Table 5. Utilization of Potatoes.

Year Fresh Chips Dehydrated Frozen Cnheré/
Thousand hundredweight
1956 155, 360 14, 566 3,223 4,675 67,968
1957 156, 584 17, 356 3,776 4,827 59,979
1958 156, 147 17, 063 5,917 8,263 79,507
1959 154, 410 20, 085 7, 656 9,918 53, 203
1960 154, 312 21,018 10,104 15, 042 56, 628
1961 158, 367 22, 642 8,518 18, 138 85,501
1962 153, 665 24, 086 9, 280 18, 400 59, 379
1963 150, 381 26, 693 9, 909 22, 425 61, 750
1964 132, 289 28, 783 10, 801 23, 654 45,549
1965 142, 139 31, 292 20, 166 37,302 60, 270
1966 136, 234 32, 729 19,811 39, 631 78, 497
1967 133, 473 32, 406 19, 084 39, 609 80, 762
1968 127,414 34,123 22, 761 44,562 65, 332

al/

= Other uses include canned potatoes, starch and flour, feed,
seed, and shrinkage or loss,

Source: U.S.D.A., S.R.S., 1951=1969.



167

Appendix Table 6. Per Capita Utilization of Potatoes for Food.

Year Fresh Chips Dehydrated Frozen
Pounds
1950 100.0 5.7 1.2 .3
1951 106.8 6.0 1.0 .6
1952 93.8 6.7 .5 -9
1953 99.1 7.3 1.3 .8
1954 98.1 7.6 1.1 1.1
1955 98.1 8.4 1.7 1.8
1956 91.1 8.5 1.9 2.7
1957 90.3 10.0 2.2 2.8
1958 88.5 9.7 3.4 4.7
1959 86.1 11.2 4.3 5.6
1960 84.6 11.5 5.5 8.3
1961 85.5 12.2 4.6 9.8
1962 81.6 12.8 4.9 9.8
1963 78.8 14.0 5.2 11.7
1964 68. 4 14.9 5.6 12.2
1965 72.6 16.0 10.3 19.0
1966 68.8 16.5 10.0 20.0
1967 66.7 16.2 9.5 19.8
1968 63.0 16.9 11.3 22.0

Sources: 1956-1968 derived by dividing quantities utilized by
total population January 1 of the following year.
Prior to 1956: dehydrated data from Talburt, 1967, p. 8;
other data from Hanes, 1969, p. 116.



Appendix Table 7. Miscellaneous Data Used.

Expenditures for Total Retail price per pound 3/ Potato stocks 4/
Year purchased meals population Fresh Frozen

and beverages 1/ “Jan1l 2/ potatoes french fries Dec 1 Mar 1

(Million dollars) (Millions) (Cents) (Cents) (Thousand cwt. )
1951 12, 467 153.6
1952 13, 093 156.3
1953 13, 350 159.0
1954 13, 363 161.7 5.26 103, 290 52, 230
1955 13, 848 164.6 5.64 104, 050 47,630
1956 14, 528 167.5 6.77 118, 650 58, 880
1957 15,171 170.6 5.71 110,615 53,150
1958 15, 321 173.5 6.26 129, 630 61,480
1959 15,894 176.4 6.33 118, 560 58, 175
1960 16, 182 179.4 7.18 - 35.0 122, 740 62, 645
1961 16, 365 182.3 6.29 34.8 145, 020 72, 960
1962 17, 020 I185.3 6.32 33.8 135, 745 70, 250
1963 17,545 188.2 6.51 32.3 136, 995 67, 280
1964 18, 766 190.9 7.57 29.5 114, 550 54, 535
1965 20, 068 193.5 9.37 30.2 147, 070 74, 605
1966 21,981 195.9 7.49 28.1 152, 640 79,517
1967 23,223 198.1 7.47 26.7 161, 710 86, 465
1968 24, 926 200. 2 7.63 27.4 152, 900 81, 905
2y Heimstra, 1968, p. 180. 4/ U.S.D.A., S.R.S., 1951-1969. Stocks of late
2/ potatoes from the indicated crop year held by

U ., B.C. .
3/ S.D.C., C., 1969 growers and local dealers on Dec. 1 and on the
= U.S.D.L., B.L.S., 1954-1969 following Mar. 1.

891
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APPENDIX B

Equations Used in Potato Simulation Model

The equations used in the simulation model are presented so
the reader may evaluate the individual relationships used. Standard
errors of all coefficients are presented in parentheses beneath the
coefficient. The least squares regression equations were fitted
using a stepwise regression program. The variables are presented
in the order of entry into the equation which yields the greatest re-
duction in variance of the endogenous variable. The variables re-
tained in the equations were chosen on the basis of sign‘izficance of
coefficients as determined by t-tests, contribution to R™, reduction
in the standard deviation of the endogenous variable, and reason-
ableness according to economic theory. Significance levels based
on t-tests are indicated by asterisks beneath the standard errors
of the coefficients: #* indicates significance at the .10 level;

*% at the . 05 level; and %% at the .01 level.

1. AWL = 258.29250 + 12.45396 T + 30. 94961 PWL(t-1)
(1.33374)  (12.70197)

s e

- 15.34092 (PLOW(t-1) - PLOW(t-2))
2 (8.02459)

R™=.896 ok

AWL = harvested acreage of western late potatoes,
thousand acres

T = time, 1953=1

PWL(t-1) = season average price received by farmers in
the previous year for western late potatoes,-
dollars per cwt.

(PLOW(t-1) - PLOW(t-2)) = change between season average
prices received one and two years previously for
late potatoes produced outside the West, dollars
per cwt,

2. AEL = 341.37965 - 5.55198 T +18.83957 PEL(t-1)
(.58253) (5.12681)

Hodesk keskk
- 11.51760 (PLOE(t-1) - PLOE (t-2))

(3.90880)
R™ =.898 Aok
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AEL = harvested acreage of eastern late potatoes,
thousand acres
T = time, 1953=1

PEL(t-1) = season average price received by farmers in

the previous year for eastern late potatoes,
dollars per cwt.

(PLOE(t-1) - PLOE(t~2))= change between season average
prices received one and two years previously for

late potatoes produced outside the East, dollars
per cwt.

3. AE = 11.67417 + .54463 AE(t-1) + 3.76707 PE(t-1)
(. 14148) (1.59058)
R% = 672 e

AE = harvested acreage of early potatoes, thousand acres
AE(t-1) = harvested acreage of early potatoes in the
previous year, thousand acres

PE(t-1) = season average price received by farmers in
the previous year for early potatoes, dollars per cwt.

4. AI=193.91464 - 8.10680 T + 21.69870 PI(t-1)
(1.26315) (6.04771)
P Heesk

- 11.73415 (PI{t-1)-PI(t-2))

> (3.52913)

R =.873 ok

Al = harvested acreage of intermediate potatoes, thousand
acres '

T = time, 1958=1

PI(t-1) =

season average price received by farmers in the

previous year for intermediate potatoes, dollars
per cwt,

(PI(t-1)-PI(t-2))= change between season average prices

received one and two years previously for inter-
mediate potatoes, dollars per cwt.

5. YWL =189.35294 + 2.80495 T
(.59192)

R2 = .,584 koK standard deviation = 13. 02898
YWL = yield of western late potatoes, cwt

. per acre
T = time, 1951=1
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YEL =181.96732 + 3.51806 T
2 (. 63255)
R~ =.,659 Aok standard deviation = 13.92333
YEL = yield of eastern late potatoes, cwt. per acre
T = time, 1951=1

QCL = 38901.79100 + 1186.50155 T
(186.56035)

R2 =,.716 koK standard deviation = 4106..44710
QCL = harvested quantity central late potatoes, thousand
cwt, ‘

T = time, 1951=1
YE = 157.83333 standard deviation = 15,77507
YE = mean yield of early potatoes 1951-1968, cwt. per acre
(regression analysis gave unsatisfactory results)

YI=100.69281 + 6.37152 T
5 (. 40480)
R™ =.,939 skoksk standard deviation = 8.91010
YI = yield of intermediate potatoes, cwt. per acre
T = time, 1951=1

Per capita utilization of potatoes for potato chips (CC),
frozen potato products (FF), and total processed food products
(TP), pounds annually. These estimates were obtained by
fitting per capita utilization data to a logistic function using
a least squares iteration curve fitting technique. The form
of the symmetric logistic function used was:

a. -a

Y = 1 2 where

a3(T—a4)

1l +e

Y = utilization per capita, pounds annually
T = time, 1950=1

a ... a, are least squares fitted coefficients
al = upper asymptote, pounds annually
a_ = lower asymptote, fixed at zero

exponential factor

point of inflection, year relative to 1



Least squares estimates of coefficients
Use a a a

1 3 _4
ccC 25.69303 -. 11094 12.56735
(1.69567) (. 00656) (1.26637)
FF 31.58100 -. 28947 15.94182
(3. 67648) (. 02609) (.89616)
TP 88. 65856 -. 16497 17.56776
(10. 52320) (. 00998) (1.40620)

11. POPN = 149.91961 + 3.08927 T - .01414 T2
2 (. 07923) (. 00405)
R =.999 ool stk
POPN = January 1 U.S. population including armed
forces overseas, millions
T = time, 1951=1

12. PWL = 10.71971 - . 00002468 QO - . 00004696 QFR
(. 00000638) (. 00001375)

ke e sk sk

~-. 00001689 QFF

2 (.00001162)

R =.878

PWL = season average price received by farmers for
western late potatoes, dollars per cwt,

QO = quantity of potatoes utilized for other than food,

thousand cwt. annually

QFR = quantity of potatoes utilized for fresh food,
thousand cwt. annually
QFF = quantity of potatoes utilized for frozen food

- products, thousand cwt. annually

13. PCL = 7.92743 - .00003040 QO - .00002746 QFR
2 (. 00001002) (. 00001121)
R =.638 Ak sk
PCL = season average price received by farmers for
central late potatoes, dollars per cwt.

14. PEL = 11.96479 - . 00002974 QO - . 00005053 QFR
(. 00000972) (. 00001935)

A * %k
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- . 00004753 QD

5 (. 00003481)

R™=.773

PEL = season average price received by farmers for
eastern late potatoes, dollars per cwt.

QD = quantity of potatoes utilized for dehydrated food

products, thousand cwt. annually

15, SLD = - 21723.81400 + . 69210 QL
5 (.02311)
R~ =.987 Aok
SLD = quantity of late potatoes in storage December 1,
thousand cwt,
QL = total quantity of late potatoes harvested, thousand cwt.

16. PE =11.17044 - .62045 CQE - .07288 CSLD
5 (. 20930) (- 02560)

R™=.525 Ak * %k

PE = season average price received by farmers for early
potatoes, dollars per cwt.

CQE = per capita harvested quantity of early potatoes, pounds

CSLD = per capita quantity of late potatoes in storage
December 1, pounds

17. SLM = - 26477.50300 + .41764 QL
5 (. 02810)
R~ =.,948 K
SLM = quantity of late potatoes in storage Marchl
following year, thousand cwt.

18, PI=16.10909 - .37968 CQI - .16692 CSLM
5 (.07307) (. 03692)

R =.751 sk3k ok kol sie

PI = season average price received by farmers for
intermediate potatoes, dollars per cwt.

CQI = per capita harvested quantity of intermediate
potatoes, pounds

CSLM = per capita quantity of late potatoes in storage
March 1, pounds
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19. CECH = annual increase in per capita expenditure for purchased
meals and beverages, dollars (estimated, using the
logistic function presented in equation 10 -- the
coefficients have the same interpretation as in

equation 10, except a_ is in dollars annually and
T=1 in 1958).

Least squares estimates of coefficients

21 2 23
6.88546 - 1.33732 6.50559
(. 87395) (. 74818) (.49674)
20. QFR = 203528.33000 - 3.10528 E + .08020 (QT - QT(t-1))
’ 2 (. 40263) (. 05274)
R =.874 silesk

E = expenditure for purchased meals and beverages,
million dollars

(QT-QT(t-1)) = change between present and previous

year's total quantity of potatoes harvested,
thousand cwt.

21. QD = - 21962.82800 + 1.83537 E + .06364 (QL-QL(t-1))
> (. 15479) (.02371)
R~ =.942 skokok kK
(QL-QL(t-1)) = change between present and previous

year's total quantity of late potatoes harvested,
thousand cwt.

22. QFF =2337.16930 + 1.02542 QFF(t-1) + .11930 (QL-QL(t-1))
5 (. 06935) (.04154)
R” = .961 solok sk
QFF(t-1) = quantity of potatoes utilized for frozen food
products in the previous year, thousand cwt.

23. QC'= 2565.88690 + .96109 QC(t-1)
5 (. 05375)
R =.970 ok
QC = quantity of potatoes utilized for potato chips,
thousand cwt. annually
QC(t-1) = QC in the previous year, thousand cwt.
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24. PFR = 3.04853 + .19316 TP - .49217 T + .70777 PUS
2 (. 04970) (.16400) (. 24317)

R =.835 Seskesk ek el

PFR = estimated annual average retail price of fresh
potatoes, cents per pound

TP = per capita utilization of potatoes for total processed
food products, pounds

T = time, 1956=1.

PUS = season average price received by farmers for all
potatoes, dollars per cwt.

25. PFF = - .90250 + .40051 FR + .91062 PWL
2 (. 02813) (-41708)
R =.976 Heskeok %
PEFF = estimated annual average retail price of frozen
french fries, cents per pound
FR = per capita utilization of potatoes for fresh food,
pounds
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APPENDIX C

Fortran Program of Potato Simulation Model
GRAM POTAYTC

DIMENSISN Y(90) 9BUT 1900501 0SUMI23) 0 SUMR (25) oHEAD (G)
EOUIVALENCE (AYLoV(1)) o (BYHLoV(2)) 0 (BOHL oY (3)) o (BPHL oV (&) )¢

(BGRWL oY (S)) o LAYHL oY (@) ) 0 (AQWL HY (7)) o (APWL oY (B)) 5 (AGRYL oV () ) o
(AELoV(XOg)otstng(nlg)o}SGELovtlz))o}EPELovtiﬂg)o
(BBRELoV(12)) o CAYEL oV (15910 (AGEL oV (16)) 0 LAPELoV (T ) o
(AGRELoV(18)) o (BACLoYV(19)) o (BPCLoV(20)) o (BGRCL V(210

(AQCLoV (22)) 0 (APCL oV (23)) 9 (AGRCL oV (28)) o (AB 0V (23)) ¢

(RYEoV (26))0 (RBE, Y (27)) 0 (RBESY (28) ) o {BRRE,V (29) ), (AYE oV (30)) o
(AQEoV(31)) o {APE Y (32) 3 0 (ARRE Y (33) ) o (AT oV (3890 o (BYIoV(38))
(BRToVI36)) 0 (BPT v (IT) )0 (RART oY (38) 30 (AYTovI39)),(A0T oy (60},
(APToV (£1)) 0 (ABRT oY (82)) 0 (BOToY(63)) o (BACE Y (54) )

EQUIVALENCE (BOFF oV (65) ), (BADcY(46) ) (BBTFoV(4T)) o (BAFRLV (68)) o

(BASoV (49)) 0 (BPFROY(50)) 0 (BPFF V(511 0 (AOT,V(52) ) 0

(AACoY(S3)) o (AGFF oV (54) )0 (ABDoV(5S) ) o (aBTFoVIS8)Y ) o

(AQFROVISY) Yo (AOC,V (S8 ) o (APFR,Y(59)) o (APFFoYI{50) ),

(BCCoVIB1)) o (BFF oV (62)) o (BNoY(631) 0 (BTPoVIAS)) o (BFRV(65)) o
(PGPNoV(68) )9 (CEoV(67)) o (FoV (6B ) o (RAWL 0V (69)) o (RBOHL oY (70)) o
(RBBRULOVIT1) )0 (RAAYL oV (72)) o (RAGRHL 0V (73) ) o (BRBWL oV (74) ) o0
(BBGRWL oY (75) ) 0 (ASLDoV (76) ) 0 (BSLMoV (TT) ) o (RALOY (78))
(ABLoVITD)) 0 (BPUS,V (8B0) ) o (ABUSV(B1) ) o (ASLDoV(B2) ) o LASLMoV (B3))
0 (BYF oV (88))

READ (10103} ToNYEARSo IGOAL o TRAND, ISHT TEH ; HEAD

FGRMAT (F6o0o)Xo12,]
15

KoTlo1Xo1100110548)
(ESF (1)) CALL EXIY 4

YFIRSToT .
YLASY 2 7 © NYEARS - 1,

a
v

ijo 1o1.25

SUM(]) © SUM2(I) o @,
IvEar o} ,
GINC o FFIN(].61080)
ACHNG o FFIN(1)
OFRCHG o FFIN(L)
GRPWLTI o FFIN(])
GBGRWLTY o FFIN(Y)
PULTY = BFIN(1)

PWLYZ o FFIN(Y)
PELT] = FFIN(1)
PELY2 o FFIN{(])
QELY] o FFIN(I)
QELT2 o FFIN(D)
PELYT = FFIN(D)
PCLY2 = FFIN(I)
QcLyl = FFIN(Y)
QCLY? o FFRIN(I)
QWLTY o FFIN(1)
owLY2 o FFIN(IY
AET1 = FFIN(})

PETY o FFIN(Y)

PITl s FRIN(])

PIY2 o FFIN(])

ABTL

FFIN(I)

Q

AQFFYY o FFINCY)
ABFFY20FFINC])

ABLTL = FFIN(L)

AQCYY o FFIN(1)

PRYE S BYF © FFIN(L)

CET1IcFFIN(Y) ..

HRITE (2,102) HEAD, ¥ NYEARS, I6GAL o TRAND o BINC o ACHNG ; AFRCHG , GRPYL T1 o

GRABGRYLT1 oPHLT] oPULT20PELT ] (PELT2,0ELT1,0ELT2:PELT1,PCLT2,0€LT1 0

OCLT200HL Y1 0QULT2 s AETT oPET] oPTI710PIT20AOT 0 AQFFY I oAOFFT2,ANLT o
AQET1¢BYF (CETY

FSRMAT (1M1 // 30%,GA88 /7 65X, 0INTTIAL VALUESZ? /7 1a§,a7naosxsooo

8X o #NYEARSDN 115, 10X 0 dGOALEBoI15:9X o2 1RANDOR0 115

10X 026INCOU P15 ,309% 0 AACHNATH o F15, 358X, dOFRCHGD® F1G8,3,6X o
dGRPUL (T=])a0F15,3 / 3Xou@RBBRYWL (Y=1)5doF 150306 PHL (Yol ) ad,
F150306X0nPUL (To2) 000F1503,6X0aPEL (To1)0d,F1503 »

BXodPEL (Vo210 oF150306KoPAFL(Tol)oroF15,3,6X0d0F (To2) oz,
515030
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00002
00003
00004
00003
00006
00007
00008
00009
00010
00011

00012
00013
00014
000153
00016
00017
00018
00019
00020
00021

00022
00023
00026
000253
00024
00027
00028
00029
00030
00031
00032
00033
00036
00033
00036
00037
00038
00039
00040
00061
00042
00063
00064
00065
00046
00067
00048
00069
00050
00051
00052
00053
00054
00035
000548
00037
00038
00059
00060
00061
00062
00063
00064
00063

00066
00067

00068

00069

00070



6% 1 ¥PCL(Twl)a#sF15:3 / 6XoaPCL(To2)8d9F15,300X00ACL (T )0,
F15¢3:6X0#0CL (To2)080Fi15,3,6Xo20WL (To1)0@oF15.3 / 6Xo
iONL(TOZ)m‘vF15.307X91AE(Tol?@do?ﬁ§o307ﬂouﬁﬁ(Tcl)Ddo?ISQSOVﬂv
#PI(Tel)8eoF18,3 /7 TX,2Pl(722)o#eF15,3,6X00ART (Tol)opopiSe3o
BX s BAQFF (To1)ed,F15, 3.sxoaaosﬁ¢?az,uaor15°3/6x°aaeL(?ey)na.
F15o3o6X°EA0C(Tﬂl)'ﬁoFlS-SullXoﬂeTFﬂﬂvFls 39
TXo2CE(T=1)0g,F15,3)

Nt O D 4 >

c
c-.--n-nAcREAGEcrou-w-o

p
200 AWL = 258429250 ¢ 12,493965(Tw19526)630096961PWLT{o150340920
1 (((PEL71°QEL7ﬁoPcL71°acL?1)/(QFLTloQCLTI))u((PEL?aoQELYEo
2 PCLT20QCLY2)/ (QELT20QCLT2)))
AFL @ 367,37965 5 0551986 (T=1032,) 018, 83957OPELTlello%176oo
1 (((PWL7I°QWL71°PCLTI°QCL71)/(QHLTI°QCLTR))a((PHL?ZOQHLTQO
2 PCLY20QCLT2)/ (QWLT200CLT2)))
AE o 11067417 o ,564630AE71 o 3,76T0TOPET]
AT o 193,91486 - 8,106805(7=1956,) ¢ ?1069870991T1 o 11,73615¢
1 (PIT1-PIT2)
BYFmpPBTF

=« = « = YIELD AND QUANTITY PRCODUCED © = = = = ® o

s N Xe]
]
[ ]

BYWL = 189033294 o 2,804950(7=1930.)
250 BawlL s AWL © BywL

BYELSI81,9673243,518060(7-1950,)

BOEL o AEL © BYEL

80CL = 38901,791 ¢ {186,501550(7=1950,)

BYE = 157083333

BAE = AE © BYE

BYI010006928106,371320(7=1969,)

BAI o AI @ Byl

c . .

g-.eccccTeTALQUANTITYcoowcan

c : .
BOY o BQWL ° BOEL ¢ BACL o BAF ° BOI

¢ .

€C=co9° o= PER CAPITA CONSUMPYIEN o © © o = o o

c L
BCC o 25089303/ (1.4EXP(o,110960((T21969,)=12,56738)))
BEF o 31,58100 / (1,0EXP(=02895%7°((7=19%9 ,)=1509%182)))
BYP o 88,865836 / (1,6EXP (0168970 ((T21960,)017.36774)))
BD o BYP o (BCCoBFF)

. BFR © BYF = BTP

e

¢ ="®° o0 0o o PCPULATISN © © © © © © o

c . - . .
PCPN © 1469091961 ¢ 3,08927 © (T°1069.) ©,01616°(7=10608,)°(T=1669,)

¢ L

€ === =c o QUANTITY USED = = = o © = =

¢

BOCE = REC © PEPN & {0,

BOFR = BFR © POPN & 10,

BQFF o RFF © PCPN & 10,

BOO = RAD © PSPN & 10,

BOTF o BYF © PSPN @ 10,

805 =@ BQJ] = BQYF

BPWL & 10,71971 « ,000024689RAC = ,000068964BGFR -
i +D000168874BaFF

-.---naDEcISIcNgc-ocgc

00

8BPWL = GBPWLT1 & GINC®GRPWLT}

11€R = ITER2 = 0
S00  IF(IG0AL.NEo1«AND.IGSAL-NEL3) BC 78 600

PRGRP © (BPWL=GBPWL) / GRAPWL

1TER = ITER o 1}

1F (iYER,B7.100) 6C YC 799
) WRITE (3,501) ToITER,PROBP AW sBOWLoAGT1BQS,BPWL
$01 _FORMAT (2%9F4,005%073s8 PRGRAPm #.F12,3o¢  AWLE #,F12,3,

I 4  BOWLD #,F]2,3/16Xo2t  BQATs #.F12,3,# RGOs #¢F1203

2 ¢ BPWLD #,F12,3)
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00071
00072
00073
00074
00073
00076
00077
00078
00079
00080
00081

00082
00083
00086
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
00103
00106
00107
00108
00109
00110
00111

00112
00113
oolls
00115
00116
00117
00118
00119
00120
00121
00122
00123
00126
00129
00126
00127
00128
00129
00130
00131
00132
00133
00136
00133
0013¢
00137
00138
00139
00140
00161
00142



510

- 520

530

540
545

850

560

s70

380

600

630

601

~§O- OO
[ ]

IF (PRBBP,LT,%,04) 85 TS 310

IF (9EGBPoLEo°oOE) 88 70 g20-

1F (PRGBP.LE,~001} 66 Y& 560

1¢ (PRBBP.LE,%.01) 6p 7O 400

17 (PRBBP.LE-0,02) 65 T¢ 370

IF (PROBP.LE,©,06) 540,530

ANL 8 AWL = 2.0ACHNBSAWL

65 Vo 550 -

AWL o AW, o ACHNGOAWL

6s a §§° o

AWL o AWL © 2,0ACHNGOAWL

6C 75 565

AWL o AWL © ACHNGOAW

BOWL cAH_OBYWL .

BAYT = BOWL © BOEL o BOCL o BOE o ROY

808 o ROY = BOVF
lﬁwgnlg07197ﬂ=00000?668°RQO= ooooaéeéoaaﬁao00000165@7oleFF
85 v¢ S00

80uL . AWLOBYY

BoV o BOWL o Boer o GoE o BOT o BaCL

BQC o BQAY o BQYF

8PUL o 10,71971 = ,000026589R08 o ,000066069B0FR
1. ,0000168870R0FF .

IF (BROLLE.0,160807) G5 V& 600

65 Y5 500

BOFR o BQFR - QFRCHGOBOFRA

62 Te S80

BOFR .o BQFR ¢ QFRCHESBOFR

BFR o (BOFR/POPN)O 1

BYF o BYP o BFR

BAYF o BTF © POPN & 10,

80C o BQY = BAYF
BPYLD10071971=,00002468°B08=,000066965B0FRa,0000168aToROFF
IF (BEC.LE.0,160807) 680 72 600

65 75 S00 ,

8FRo (ROFR/POPN) 6, )

BYFoBTYPoBFR

BAYFoBYFOBRENC1I0,

BACoROT=BQYF

BPWL o 10.7197) = ,00002668080Z o ,00006606°80FR o
1 0000016887080FF

65 75 500

BGRYL20B8aAYL

BGRWL o BPYL © BQYL

ZF (IGvALoNanoANDoY@vALoNEoﬂ) 68 ¥v& 700
1F (1TER2,EQ,1) 69 7§ 630

IF (8BS (BGRYL-BGAWL2) (LT 900020488 (BBRWL2)) GG TC 700
GRGRYL o GBGRWLYY o GINCoolanLvn

PRGBGR © (BGRAWL < GRGRYL) / GRORYL

IVERZ o 1TERZ ¢ i

IF (§VER2,87,100) 65 _To 799

WRITE (39601) Yo27Ea?o@ReeGaoao@wLoGnﬁnwL

_FORMAY (2X0F40003%07302 PRGBRRC doF12,30¢ BGAWLY 2,
1

Fl?o3oﬂ G.GQHLD ﬂoFlz K}
XE (PRGBGRoL7oooQé) 6S Yo 510
IF (PRGBBR.LE.<.62) 65 Tg S0
IF (PRBBGROLE.-,01) 65 Y& 360
IF (PRGBOR.LE.%,01) B0 75 700
IF (PRBBBR.LE-©,02) GS V5 570
IF (BRGBGRoLEo°00Q) 5400530

®© 2o coPRICE=> o= 0 o o

BPCL o 7,92743 = ,00p0306098B0% = ,00002766080FR
BPEL = 11,96479-,000029740BQ5<,0000505308qFR<,000047332R0D
BOL =BQEL © BOCL © RQWL

BCOE =(BOE / PSPN)G,1

BSLD o =221723,816 °,969210°'QL

BESLD c(BSLD /7 BSPN)G,]

BPE = 11,17066 o 62065°RCOE - ,072880RCSLD

BCOI =(BQY / POPNI®, ]

BSLM o =26677,503 ¢ 41764080

178

00163
00164
00143
00166 -
00167
00148
00149
00150
00131
001352
00153
00156
00153
00196
00137
00158
00139
00160
00161
00162
00143
0014
001653
00166
00167
00168
00149
00170
00171
00172
00173
00176
00178
00176
00177
00178
00179
00140
0018}
00182
00183
00184
00183
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00194
00%97
00icsg
00199
00200
002o1l
00202
00203
00206
00208
00206
0020v
0oz0e
00209
00210
00211
00212
00213
0021¢



(¢ Nele)
]

903

OO
]

~4CY OV
[\

710
720
730
740

602

750
735

603

BCSLM o(BSLM / PPNy 0oy
B8P o 16,10969 - 037963°BCQI = 2166920BESLM

© e oo o BRSSS REVENUE © = = o = © o

EGREL o BPEL © BGEL
BGREL o BPCL © gacL
BGRE = BPE © BQE
86RY o 8pY © BOY

° = o 9 o YIELDS AND QUANYITIFS © © © 0 @ o o

ADWL o RNOR(IRAND) 073,02898
AYWL o BYWL o ApuwlL

ADEL, o RNOR(JRAND)©73,92333
AYEL o BYEL o ADEL .

ADE o RNCR(IRAND)©1G,77307
AYE o BYE ¢ ADE

ADY o RNSR(IRAND)©8,91016
AY] o BY] o ADY

ADEL, o ANSR (IRAND) 0610604671
AQCL o BOCL o ADEL

IF (ISWITEH) READ (5,903) AYHL oAVELoAYEoAYToAQCL
?“RMA?(@XoéﬁgoOo?ToO)

AQU|, o AWL © Avy]

AQEL o AEL © AYEL

AQE o AE o AYE

A0 o AI © Avi

AOL o AOWL o AQEL o a@cL

AQY o AQL ¢ AQE o AnN{
CECHO6,88346/(1,0EXP (21337320 ((701987,)<6,50559) )
CEnCFY1oCECH

E o €E © POPN

© o o o o GUANYI?V HSED © = @ 2 @ @ o

AQFR o 203525033 = 3,105289E o 080200 (AQT=-AQT])
IF (AOFR.LE, 0908@?9) AQFR o 0,9°BOFR

AQD o =21962,828 o 1,835379F o ,06364:(A0L=AOLT])
IF (AQD.GE.1,1°B@D) ﬁ@DDnol°IOD

AQFF_o 2337, 169301ooasézoaoﬁwvﬂooi19300(AQLeAQLY1)
IF (AOFF,BE.1010B0FF) AOFFol, joBerrP

AoC o 2363,8869 o oeéloeoa@c71

a0g 5 a0y o (AGFR o A0p o AOFF o AQcC)

AQYF o AQFR o AOD o AGFF o AQC

IYERA o ITERAZ =0

© o oo o PRICE © © © © o o o

APHL o 10,719712,000026680A05-,000064960A0FR=,000014887CAQFF

AeauLzaAeauL

AQRuL o APWL © AQWL

1€ (160AL.EQ.0) GC 75 790

IF (185AL.EQ, lov@oxgﬂéLoE@°3) GC YO 740
IF (EGVALoE@ 2) G Y& 795

PRGAPo (APWL=GBPUL) /68PWL

1YERADIVERACT

IF (ITERA,BY,100) 62 T& 799

WRITE (3,602) T,1TERA.PRGAP,AQS AQFR

FORMAY (2X0F%,005Xo7302  PRGAPS 2oF12,302  AQCT 2,F12,3,

1 . ¢ AQFRo 2,F12,3) .

If (PRBAP,LYV,=,02) 65 Y& 760

IF (PRGAP.LE,=,01) AC 7O 765

IF (paGﬁPoLEo ool) (‘o 78 7‘30

IF (PRGAP.LE,%,02) 7700775

IF (1GSAL.NE.3) 60 ¥2 799

PRGAGR= (AGRWL=GBBRYWL ) /GBGRYL
I1TERAZOIVERAZ0 Y

IF (IVERA2.6Y,100) 65 Y& 799

WRIVE (3,603) ToITERAZ,PRGAGRIAQS,AGFR

RMQ? (2X0F%,005%0730¢ PRBAGRS #oF12,302 AQS2 g,

1 F1203,8  AQFRo 2,F12,3)
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00213
00216
00217
00218
00219
002206
0022}

00222
00223
00224
00225
00220
00227
00223
00229
00230
00231

00232
00233
00234
00238
00238
00237
00234
00239
00260
00241{

00262
00243
00244
00245
00264
00267
00268
00249
00250
00231

00232
00253
00238
00235
00256
00257
00238
00259
00260
002461

00262
00243
00266
00265
00266
00267
00268
00269
00270
0027y

00272
00273
00274
0027s
00276
00277
00278
00279
002800
002831
00282
00283
00284
002858
00286



604

760

76S
766
770
778
780
781
790

(ITERA2.EQ.1) GO YC 604

(ABS (AGRWL=AGRWL?) oL T,,0020ABS {AGRWL2)) BC TS 781
(PRGAGR.LT+=.02) 63 TC 760

1F (PRGAGReLE-.=,01) 80 75 765

1F (PRGAGRe.LE.©,01) GC_TG_ 790

IF (PRGAGR.LE,+,02) 7700779
IF(AQFR.LE-0,9%BaFR) GBS 78 790
AQFReAQFR= (2, 5QFRCHBOAQFR)

62 7o 766 .

IF (AQFR.LE00,9%BQFR) B2 Y2 79p
AQFREAQFR=QFRCHGOAQFR

A0S ® AQY = (AQFR o AQD o AGFF o AGCH
6c vg 708

AnFnuaeFaoQFRCMGOAQFa

GA Ta 780

AQFREAQFR420QFRCHBOAQFR

ANS =z AQY = (AQFR o AQD ¢ AQFF ¢ AQC)
IF (AQVOLEOO IQOQ@?) 6C ?v 781

682 75 70s

= - =l pup
o,

APWLB]0.7197l@o00002668°AOv°oOOOO&G@GOAGPPooOOOOléBQ?OAOFF

AGRY|. o APHLOAQW

APCL = 7,92763 - .Onoo3oeo°Ae° © 0000027é6°A0FR
APEL o 11 90679 = ,00002974%408 = o600030530A0FR =
ACQE © AQE / POPN o 1

ASLD o =21723.818 ,692i0°A0L

ACSLD = ASLD / PSPN_¢ 1

APE © 11,17066 o .6?0&59ACOE o o072880ACS| D

ACQT = AQI / POPN @

A§L£ = uge&77oso3 ® gg?eaerL

ACSLM = ASLM / POPN @ 1.

APY a 16,10909 = ,37968°AC0T = o166920AC3LM
AGREL o APEL © AQEL

AGReL = aPcL © alcy

AGRE = APE ® AQE

AGRT = AP © AQ]

AFR = AQFR / POPN © .1

APFF 3 =,90250 ¢ .4A0S1%AFR « o91A620APHL

_APUS = (APWLOAQWL ¢ APCLOAQCL o APELGANEL ¢ APECAQE + APloaQl) /

. AoY .
ATP = (AQD ¢ AGFF o AGC) / PSPN © ]

APFR 2 3,04853 o ,10316PATP = ,49217#(T=1958,) ¢ ,TnTTTOAPUS

RRQW|, = BOWL / BQT

RAQWL = AQWL / AQT

BGRT=BGRWL *BGREL +BGRCL «BGRE +RGR]
AGRT=AGRWL *AGREL+AGRCL +AGRE ¢ AGR!
RAGRWL = BGRWL / BGRY

RAGRWL ® AGRWL / AGRY

SUM(]) = SUM{1) o AWl

SUM2(1) E] SIJMZ(U o AWL®AWL
SUM(2) = SUM(2) « Aowl

SUM2(2) = SUM2(2) « AQuLaAQWL

SUM(3) = SUM(3) o+ ABWL

SUM2(3) = SUM2(3) « APWL&GAPWL

SUM(&) @ SUM(4) o AGRWL

SUM2(6) ® SUM2(4) ¢ AGRWL®AGRWL
SUM(5) = SUM(5) ¢ AQFR
SUM215) = SUM2(S) o AQFROAGFR
SUM(6) = SUM(6) + AGFF
SUM2(8) = SUM2(6) + AQFFeAQFF
SUM(7) & SUM(T) + AGD

SUM2(7) = SUM2(7) o AQD®AQD
SUM(B) ® SUM(B) o+ ang

SuM2(8) = SUM2(8) « AGC®AQC
SUM(9) = SUM(9) o Ans

SUM2(9) = SUM2(9) + AQC®AGS
SUM(]0) = SUM(10) o APFR ,
SUM2(10) = SUM2310a s APFRCAPFR
SUM(11) = SUMIi1) o APEF

SUM2(11) = SUM2()1) + APFFOAPFF
SUM(I12) = SUM(12) « AQEL
SUM2(12) o SUM2(12) o AQELOAGFL
SUM(T3) = SUM(13) o APEL

nOOOO@?S??AQD
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00287
00288
60289
00290
00291
00292
00293
00296
0029%
00296
00297
00294
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
0031}
00312
00313
00316
00315
003146
00317
00318
0031¢
00320
0032}
00322
00323
00324
00328
00324
00327
00328
00329
60330
0033)
00332
00333
00334
0033%
00336
00337
00338
00339
00340
00341
00362
00343
00344
00345
00366
00347
00348
00349
00350
00351
00332
0035%53
00354
0035885
00356
00357
00358
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SUM2 (13) = SUM2(13) o APELOAPFL 00359

SUM(T&) o SUM(18) o ABEL 00360
SUM2(16) © SUME(né) N AQCLOAGCL 00361
SUMIIS) o SUM(IS) o APcL 00362
S1M2(15) o SUM (18 » APELOAPEL 60363
SUM(T8) o SUM(18) o AOE 00364

SUM2 (16) o SUM2(16) o AQEOCAQE 00365
SUM{]7) o SUM(L?) o APE 00366
SUM2(17) o SUM2(]7) o APECAPE 00367
SUM()%) o SUM(18) ¢ aQjg ] 00368
SUM2(]8) o SUM2(318) o ABIOAQT 00369
SUM(19) o SUM(19) o AP 00370
SUMP(19) o SUM2(19) o APjoAPj 00371
SUM(20) o SUM(20) ¢ RAQYL 00372

SUM2 (20) o SUMR(20) o RAQWLORAQWL 00373
SIM(21) o SUMI(21) ¢ RAGRWL : 00376
SUM2(21) o SuM2(21) o RasauLoaAanL 00375
SuM(22) o SUM(22) o BOFR 00376
SUM2(22) o SUM2§22) ¢ BOFROBOFR 00377
SUMI23) o SUM(29) o BOFF _ 00378
SuUM2(23) o SUM2(23) o BOFFOBAFF 00379
SUM(26) u© SUM(2&) o BOD 00380
SUM2(26) o SUM2(26) ¢ BODPOBOD 00381
SUM(23) = SUM(28) o BOEC 00382
SUM2(25) & SyM2(25) o BOcCoBAce 00383

DS 795 isie90 00384

798  SUT(T.1YEAR)IOV(T) 00388
IYEAR = IYEAR o | 00386

7.0 1l L. 003a7

i€ (ToGT YLAST) GC vo g0o0 00388
CEYicCE 00389

PuLy2 o PuLTY 00390

PYLTY o APWL 00391

PELT? = PELT1 . 00392

PELTY = APEL _ 00393

QELY? & QELT1 00394

QELYY o AQEL_ 60395

PELT2 o PCLT] 00396

PCLY] = APCL_ 00397

OCLY? o QCLT} 00398

ecLTl o AaQCL 00399

OWLY2 = QLT 00400

QWLTI = aqul - 00401

AEYL o AF 00602

PET]1 o APE 00403

Pi72 = PiT} 00404

PVl o APY 00605

AQT1 o AQY 00404
AOFF720A0FFT] 00407
AQFFY1 o AOFF 00408
6RPULT] o GBRUL 00409
GRGRYLT1 o GRGRWL 00610

AQLT1 o AOL 00411

AQCTY = AQC 00512

. GS TS 200 00613
¢ .. 00414
C===9ooc o PRINT RESILTS = = o @ © o o 00615
¢ L B 00616
799  NYEARSSToYFIRSYo{ 004617
800  WRITE (2,801) (Jy(SUTEod) 9T=]09) oJoloNYEARS) 004183
801  FSRMAT (1H1o3Mo#T200Xo2ANL 210N 02BYHL2,10X,2BQWLZ 010X 2BPHL Y, 00619
1 OxouBGRULUIIONo2AYHLD 010X o 2AQHL 20 10X 0 #APYL # 010X nAGRYLR // 00620

2 (3e12,9F14,3)) 00621
WRITE (29802) (Jo(SUT(oJ) 01070018} 0 JoloNYEARS) 00422

802 _FORMAT (IH103%00T0008o2AELBo10X0BRYEL£c10N02ROELB AN #RPEL Y, 00623
1  9%,2RGRELZoIONo2AYELD 10X o2 AQEL# 010X 0 2APEL 20 10X, 2AGREL2 #/ 00626

2 (3IMoIRo%F 1431 00625
HRITE (20803) (Jo(BUT (100 0I=iD026) 0 )=l oNYEARS) 00426

803  FSRMAT (1H1o3Xo2TdoRXo2BACLZ010X02BPCL2o10X02RGREL 2,910 2AQCL S, 004627
i 10%02APCLZoROX o RAGRELE /7 (3N01206F14603)) 00428
HRYTE (2,806) (Jo(SUT(T0)s1225033) 0JaloNYEARS) 00629

804 _FCRMAT_(1H193X0@7000}02AE2011XoPBYEL 011X 02ROE20 11X, 2BRPER 011 X0 00430



805

RO6

807

808

R09

900
901

902

1 #RGRE#¢10KIBAYESR 11302 A0E? o 11X o0APER s 1] Xo2AGRER 4/
2 (3n1249F16,3)) . e an
WRITE (29805) (Js (ST (1901 01096063) 0 US] oNYEARS)

FORMAT (1H193XedTReONo2ATRo 1N o2BYINo11RopBOTA0]
1 #RORIZ, 10X 8AYTd, [1Xo8a0T2,11X 28R 001 X 00AGR
2 (3IXe1209F16,3)) i L

WRITE (2,808) (Jy(SUT(10J)9Tas3051) 0Jo] sNYEARS)
FCRMAT (1H143X0#T#48X0#B0T2017Xs2ROCCH010X0#RAFFT 10X 880D,

P 11Ko¢BQTF#¢920Xo#ROFR2,TOXo2BASH 01 1Mo WBPFRA, 10X 0 2BPEF /7
2 (3Xoi?o9rlﬁ.3)) _ _

WRITE (2,807) (Jy (SUT(T0J) 01252060} 0Jc) oNFEARS)

FCRMAT (1H193XoRT#oRX o #AQTE012X00A0CA0 10N 0AQFF 20 10N oBANDY

1 11Xe#AQTFs10Xo#AQFR® o100 2AQSR 011X o 2APFRA oV OX o pABEF 2 2/
2 (3X%91249714,3))

WQXTE‘(?AS?BS (J!(CuT(IVJ)°XT61068)°JD§°N§EAP$)

FCRMAT (1H1,3xo27#,mx,88¢Co 0 xonmPFasiax amp2ol dx,n87Pa01 1x,

1 __#RFR#, 11X, #PCPNE, J1X90CELo12H00ED /7 (3X07208F14,3))

WRITE (29809) (Jy(SHT(T0J)eIaT70077) 9 Jo]eNYFARS)

_FCRMAT (1H103Xs#T8yRX¢#RAOKLE 9N o #RBGRHLY o BX o 2RAOWL 6o

1 9Xo#RAGRWL#,8X ¢ #GRPWL 209X, 26BORWL 2, 9X o #BSLOP 0 10X o #8SLM# /7

2 (3X01248F1403)) ) L

WRITE (2,810) (Je (SHT(100) 01aTB0BS) o Ju] oNYEARS)

_FCRMAT (TH193Xo#T#,aKs#BOL# o1 TXoA0#4]1X,2BPUSEs 0,

1 #APUSE 10X +#ASLD® 10X 2ASLMR 010X 0 2BYFR// (30120 7F1603))

D2 200 lul.2s . . ) .

SUM2(1) = (NYEARS®SUM2(I)=SUM(I)@SUM(T)) /FLEAT (NYEARSE (NYEARS=]))

SUM2(I) = SQRTISUM2(I)) :

SUM(1) = SUM(I) / NYEARS

CONTINUE o L

WRITE (2,901) (SUM(T)sSUM2(T)+Im1,25)

FCRMAY (1H1 /7 24X o#MEAN#,12X¢#STD DEV # /7 SXe#AWL #9F22.3+F20.6/
SXo#AQWL#F2] ,30F20,6 / S #APWL2,F21,34F2046 / SX,#AGRWL#,
FZO.3'F2°.6 / 5X,gAOFn!.F2!.3.F20.6 / 5X0’AOFF$.72103'F2006 /
SX+#AQD#9F22,39F20e6 / SX4#A0CR0F22,30F20,6 / Sx,#a00#,
F22431F20,6 / SX,#APFR2:F2]1,30F20.0 / SXo#APFF¥(F21030F20e6 /
5XQ¢AQEL‘QF21.3QF?O.6 / 5X3¢APEL$0F21030F2006 / RR,BAQCL
F21435F20,6 / Sx,#APCL#:F21,30E20,6 / Sxo0AQERFP2,30F20.6 /

SXo#APERF22,3,F20,6 / S5X#AQT#0F22:3,F20.6 / SXy#APIs,
£2203+F20e8 / SX,#RAQWLE,F20,3sF20,6 7 S):2RAGRWL#
F19,34F20.6 / 5X,¢80FR¢0*?1.39P20¢£ /7 SR.4BAFF#,F2),3,F20,6
./ SKe#BQD#F22,3,F20,8 / GXo#RACCEF2]03.F2006 )

WRITE (44902) ((SUT(T14J)o1r1090) 0JmloNYEARS)

FORMAT ( SE20.10)

6z T¢ 100

END_ )

FUNCTISN RNCR(IR)

RNCR.= =6,

D2 100 I=1el2 _

IR ® AND(AND(4099#IR,377777778) ¢1220519,377777778)

RNSR = RNCR + IR/8388607,

RETURN

END

1Xo0BPI0o11Xe
12 y/

= O DAL WM
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00631

00632

00633

00436
00439
00436
00437
00438
00639
00460
00661

00642
00643
00644
00465
00446
00467
00448
00649
00450
00451

00452
00453
00656
00455
00456
00457
00488
00459
00460
00461

00462
00463
00464
006465
00666
004667
00468
00469
00470
00471

00472
00473

00474

00475

00476

00477

00478

00479
00480
00481

N0482



