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Abstract:

This study is an analysis of the effects of various government farm commodity program policies on
Montana wheat and barley acreages planted for harvest from 1961-1973. This analysis was facilitated
by specification and estimation of Montana wheat and barley acreage supply functions.

An important part of this analysis was the construction of variables capable of expressing relative value
and attribute information of the government program policies of the 1961-1973 period. On this basis,
variables representing weighted diversion payment rates and weighted price supports were constructed.
Montana wheat and barley acreage supply functions were specified, and were estimated by ordinary
least squares regression analysis. Effects of farm commodity program policies on Montana wheat and
barley acreages were analyzed by calculating elasticities of Montana wheat and barley acreage supply
with respect to all explanatory variables, including policy variables.

Important conclusions of this study are: Montana farmers are very unresponsive to diversion or
set-aside payment rates while making wheat and barley planting decisions, and Montana farmers are
generally more responsive to relevant market prices than has been indicated by national and other
regional studies.
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ABSTRACT

This study is an analysis of the effects of various government
farm commodity program policies on Montana wheat and barley acreages
planted for harvest from 1961-1973. This analysis was facilitated by
specification and estimation of Montana wheat and barley acreage sup-
ply functions. '

An important part of this analysis was the construction of var-
iables capable of expressing relative value and attribute information
of the government program policies of the 1961-1973 period. On this
basis, variables representing weighted diversion payment rates and
weighted price supports were constructed. Montana wheat and barley
acreage supply functions were specified, and were estimated by ordinary
least squares regression analysis. Effects of farm commodity program
policies on Montana wheat and barley acreages were analyzed by calcul-
ating elasticities of Montana wheat and barley acreage supply with
respect to all explanatory variables, including policy wvariables.

Important conclusions of this study are: Montana farmers are
very unresponsive to diversion or set-—aside payment rates while making
wheat and barley planting decisions, and Montana farmers are generally
more responsive to relevant market prices than has been indicated by
national and other regional studies.
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Chapter 1
- INTRODUCTION

Montana wheat and barley production has taken place in an
environment dominated by national agricultural commodity programs
for the past several decades. The intent..of these programs has
been to effect changes in many phases of the agricultural production
and agricultural marketing sectors, to effect changes in the market
for agricultural inputs, and to change certain existing conditions
of farm life inm general. The desired changes of these programs have
ranged from increased market prices for commodities and increased
returns to factors of production, to reduced and more or less stabi-
lized supplies of the agricultural commodities in question. The
primary concern of program formulators has been increased welfare
of the agricultural community.

Competing goals and policies of agricultural legislation are
apparent when reviewing past policy. This characteristic of com-
beting goals and policies has tended to compouﬁd, or even create,
problem areas in agriculture. Past farm problems have been defined
as price'problems, supply problems, farm income problems, over-pro-
duction problems, or return on investment problems; attacking one

 of these has invariably aggravated another.
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In discussing the nature of the real farm problem, Shepherd
describes it as an agricultural adjustment problem that results
from two basic elements: Continued overproduction of farm products

relative to the demand for them, keeping national farm income low,

and low per capita farm income due to an excessive supply of farmers.l

The Problem

This thesis addresses the first element of the farm problem
as defined by Shepherd; It attempts to identify and measure the
effects of farm production control provisions on wheat and barley
acreages planted in the State of Montana.

Unique climatic, geographical, and institutional factors in-
fluence agricultural production and marketing practices in the
State of Montana. It is not unreasgnable to éssume that certain
institutional production parameters, such as national agricultural
production control policies, would influence Montana agricultural
production differently from that of the remaining U.S. |

This thesis concerns the existing understanding of the effects
of farm.production control legislation on annual production of
Montana wheat and barley. It also concerns phe differences of these

effects observed between Montana and other production regions.

lGebffrey S. Shepherd, Farm Policy: New Directions, (Ames, Ia.:
Iowa State University Press, .1964), p. 90.
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The farm programs examined in this study were those developed
and enacted between 1961 and 1973, a period during which farm com-
modity surpluses were at record levels. During this period, control
of agricultura; production appeared to be the primary objective of
agricultural policies. Nonetheless, keeping in mind past programs
and their numerous and conflicting goals, one must note that elements
in these programs deviated from strictly a production control objec-
tive. Maintenance of farm income and reduction of government costs

were major auxiliary concerns.

Justification

Wheat and feed grain policies, very important factors deter-
mining the organizétion of agricultural productioh in the Sgate of
Montana, become the most important factqrs determining the organiza-
tion of agricultural production during periods of wheat and barley
surpluses and depressed market conditions.

Recent research employing national data has identified and
empirically measured the relevant farm commodity program policy
variables that significantly affect'acreages of most major feed
grains and wheat in the United States (US). Much of this work
was focused on the voluntary farm'commodity supply controls of the
1960's, in the belief that future farm legislation would be of a
form similar to these programs. The voluntary nature of these pro-

grams and provisions of the set-aside program (l97l;l973) whereby
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producers cogld plant any crops after meeting certain basic set-
aside requirements are thought to have increased the difficulty of
measuring producer responses to adjustments in ﬁrogram provisions.

Past reséarch of this nature has focused on the analysis of
acreage supply relatiomnships for whea; and the feed grains, and
?he development of theoretical models for evaluating farm commodity
~program effectiveness. The effect of relevant market prices on
acreages of wheat and feed grains, and the effect of support prices
and acreage restrictions for competing crops on acreages of wheat
and feed grains was also measured.

A considerable body of theory was developed in the construc-
tion of policy variables which would accurately represent the quan-—
titative framework of the wheat and feed grain programs. The pur-
pose of constructing policy variables from measurabie program data
was to simplify the model, incorporating more than one measurable
term into a single term subject to empirical measurement or estima-
tion., Statistical models included policy variables and relevant
market prices as explanatory variables in a model with acres of a
spécific crop as the dependent variable. The net effect of all
other acreage supply determinants and random effects was assumed

to constitute a mean-zero random variable with constant and finite

variance over the sample period. This assumption permitted the
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use of ordinary least squares for measuring individual effecfs of
the specified variables.

Analysis of the effects'of farm program policy variables and
market prices on acreages of wheat and.feed‘grains analyzed at the
national level may not accurately identify and measure the variables
relevant at a given reglonal level (the State of Montana). Regional
characteristics of agricultural organization that appear relevant
to Montana would include: (1) Soil and climatic conditions requiring
specific production practices and permitting less substitutability
among croﬁs in production; (2) existing regional production functions
which may differ from production functions of other areas due to
differences in technology and the natural resource base; (3) regional
characteristics of both primafy and derived demand for wheaf, feed
grains, and their substitutes in production and consumption; (4)
locational characteristics of the region, implying differences in
costs of transporting farm commodities to the major consuming
centers.

_Given that the existing set of economic and iﬁstitutional..
factors that determine acreages of wheat and barley planted in the
State of Montana is ﬁnique, identification and measurement of the
relevant farm cemmodity program poli;y variables as they influence
Montana wheat and barley production would appear justifiéd. Infor-

mation pertaining to supply of wheat and barley production in

L e | 2 R |
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Montana, and producer responses to both market prices and farm

commodity program policies are needed.

Objectives

The primary objective of this thesis is to provide informa-

tion required for evaluating past government farm commodity supply

control programé, and to suggest a farmework for evaluation of such

farm programs in the future. Specific objectives of this thesis

are;

1.

Identification and empirical measurement of underlying
structural reiationships between wheat and barley acreage
in the State of Montana, especially as related to govern-
ment farm commodity programs.

Eétimation of own pricé and cross elasticities of supply
for wheat and barley in Montana;

Determination of the marginal rates of transformation in
production between wheat and barley in the State of

Montana over the time period studies.

Methodology

Annual time series data on production, market prices, and farm

commodity programs relevant to Montana wheat and barley were collected

for the priod beginning in calendar year 1961 and extending through

-
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1973. Data gathered from administrative intérpretations of the annual
wheat and feed grain prograﬁs was used to construct policy variables
capable of capturing quantitative magnitudes and variations in these
programs. Complete descriptions of all variables employed in this
study will be found in Chapter 2. The explanatory variables.employed
in the acreage supply functions of wheat and barley were specified on
the basis of economic theory and observed production practices. Siﬁce
the objectives of this study center on identification and measurement
of acreage supply'determinants, multiple regression analysis was choéen
‘as the method of investigation.

A brief historical survey of past farm commodity legislation is
presented, in the seéond chapter of this thesis. - This survey begins
with the Federal Farm Board of 1929, and it discusses the farm pro-
blem, objgctives of farm policy, and the effects of this policy on
agriculture. Chapter 3 presents the theory of supply. In Chapter 4
is found the construction of variables representing certain aéricul—
tural policies. Also presented in Chapter 4 are econometric Fheory,
development of the general linear model, analysis of certain statist-
ical problems, and discussion of related research. The estimate&
Montana wheat and barley acreage supply functions are presented in
Chapter 5. Also discussed are the significance and magnitude of the

estimated coefficients. Chapter 6 presents a summary and concluding

remarks.




Chapter 2
HISTORICAL REVIEW OF AGRICULTURAL LEGISLATION

Major farm commodity legiélation originated with the onset
of the 1929 depression and has remained within the institutiomnal
structure of agricﬁlture to this day. Early farm commodity legi~
slation was directed primarily toward the control of food and feed
grain surpluses. In 1929 the Federal Farm Board was empowéred by
Congress to make loans to cooperatives for the purpose of control-
ling grain surpluses by purchasing excess supplies and constructing
new storage facilities. Cash advances were made to farmers for
their crops, thus indicating some farm income objectives of this
early program.

The development of farm commodity programs since 1929 has
been shaped By certain basic problems of American agriculture and
by problems caused by the programs themselves. Different programs
have had varying goals from year to year, depending on the particu-
lar problem at hand. In recent years farm commodity'legislation
has encompassed a wider range of goals to include consumer interests,
market structure issues, and world trade issues.

Stable supplies and prices of wheat and feed grains is a goal
of commodity programs desired:-by commercial farming interésts, the

livestock industry, the food processing industry, consumers and the




federal government.

Inherent in thé Agricultural Marketing Act of 1929 and all
major farm comﬁodity programs since that time is an assumed im-
balance of supply and demand of food and feed grains. Periods
of scarcity of these grains in the U.S. have occurred during major
wars or during periods of drought in heavily populated countries
which required substantial food relief. These periods have seen a
depletion of stocks or reserves. The livestock industry which
utilizes feed grains as a primary input experienced disruption during
these periods as a result of violently fluctuating factor prices;
however, domestic consumption of primary food apd feed grain pro-
ducts has never been threatened by an inability of American agri-
gulture to produce an adequate supply of these grains. Unless
there is an extreme outward shift in demand for wheat and feed
grain exports, or conditions which require a large relief effort,
inability to produce an adequate supply of wheat and feed grains
is not a problem of American agriculture.

Historically, overﬁroduction of wheat and feed gréins (e#cess
production capacity), with its accompanying'large stocks or surpluses,
has been the dominant problem in American agriculture.‘ Excess

capacity is defined by Tweeten as 'the surplus of production capacity
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over market utilization at socially acceptable prices."2 Excess
produétion capacity with the accompanying grain surpluses and de-
pressed market prices leads fo farm incomes judged by agriéulturél

‘ policymakers to be soclally unacceptable. Stabilizing fafm incoﬁes
at some level deemed acceptable by agricultural policymakers has
been a primary goal of farm commodity programs over the'past'several
: decédes. |

Associlated with excess capacity and the resulting Wheét-and

feed grain surpluses are other social problems. The cost to society

of storing excess supplies of grain has often been determined as
a primary farm commq&ity problem, and é problem at which farm com—
modity legislétion was directed. Given a carry—éver ofIWheat in
-July of 1960 of 1.4 billionvbushels, or a_carfy-over of corn in
October of 1961 of 2.0 billion bushels, it can be seen that the
~cost-of storage facilities of this scale could be burdenspm¢ to
society{3

The concern for efficient resource allocation in reference
to the resources gmployed,in grain storage seemS‘valid;jhowever;
a more pfessing prébiem appears to be'£nefficien£'résource alloca~-

tion in reference to whegt and feed'gfaih production iﬁ éurplus

2L uther Twegten; Foundations of Farm Policy, (Lincoln, Nebr.:
University of Nebraska Press, 1970), p. 155. ‘

S1bid., p. 309,
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quantities. The existence of given quantities of commodities not

. clearing the market at some established minimum price level, or
simply the existence of a price floor not allowing market prices

to fall to an eqﬁilibrium level, would signél a market miséllocaQ
tion. Estimates of excess production capacity in agridulture in the
period 1956~1966 fall between 5-10 percent of farm output, Esti-
mates of excess supplies of individual farm resources have found
farm labor to be in relatively greatest excess. From 195241961,'
approximately 40 percent of all agricultural labor ﬁas estimated

to be in excess supply. A continuing goal of agricultural policy
has been -the efficient alloéation of resources. While paét policies

have supported farm prices, farm receipts, and net farm income, they

have nof substantially slowed the outflow of labor from agriculture.4

Feed and food grain reserves and excess production capacity
have proven to bé beneficial to the U.S. economy in périods of war
and world food eﬁergencies. Because of high capital costs and-
uncertainty, it cannot be assumed that private entepprisé’would
pfovide some socially desirabie level of either gréin'stockpiles

or excess productive capacity. Thus, food reserves-and agricul-

tural productive capacity are concerns of national agricpitdral

»
[l

policy.

4Ibid.,jpp° 156, 168, 324, 328.

T




12
Stability and support of farm commodity prices and farm incomes

has been a major goal of agricultural policj since 1929. 1In thé
1920's and 1930's the agriéultural proﬁ;em was diagnosed as a problem
of farm cémmodity price instability as prices received by farmers
variéd considerably more than did prices paid by farmers. This
price ins£abiiity problem evolved into a problem of low prices
of farm coﬁmodities during the industrial depression of the 1930's,
and different ﬁrice support tools of agricultural folicy‘have‘been
employed éontinually to this day.

| 'Domestic price instability of foo& and feed grains is caused

by unstable export demand, livestock production cycles, and highly

* variable supplies of grains as a result of exogenous forces affecting

growing conditions. The problem is accentuated by the fact that dé—
ﬁand for'farm.pfoducts is vefy inelastic. The problem of low farm
commodity prices is due to the continued presence of excess pfoduc—
tion capacity and expanding supp;ies.of farm commodities in the
facéléf this higly inelastic demand. Increasing price flexibility
in recent periods inlthé presence of incregsed excess capacity and
'decreasing income elasticy of farm products has tended.to worsen-.

" the cbndition‘of low and unstable farm commodity priceé.

It is felt by most agricultural economists that the agficulé

tural problem was incorrectly diagnosed as a price problem, and

.

| wiemi)
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that price support measures may have impeded the necessary resource
adjustments required for long run income stability of'farmers.s'

Low prices are ﬁot the pfoblem, but‘a symptom pf the ﬁroblem.
Dgspite this,:price supﬁorts have had a major impact oh aégﬁegéte
farmlincome and remain in present agricultural,programs;

Pfice suﬁport'measures have generaliy been tiéd to sdme form
bf production controis; and benefits of price support programs have
been distributed among farmers in proportioﬁ to their sales 6r
produdfion. For this.reasoh the problem'of rural poverty has been
poorly addressed by price support brograms, with the lion's share of ‘
program benefits beilng received by the group of farmersthat controls
the'major portion of farming's resource base. The p;osiéﬁs of
. supply control of feed and food grains and.rﬁral p&&grty are related
but separatg issues, and it should not be expected that these two
different situations can be correcfed with one set of actioﬁs.

The choice between voluntary and mandétdry supply controls is
a deciéion‘that must be madé if farm income is.to,be increased
thfough supply control méchanisms. The term "mandatory" may over-
emphasize restrictions on the freedom of farﬁers, because in the
past supply control programs have become mandatory dnlf if épproved

by a substantiai majority of producers in a referendum vote. Given

5.Shepher.d, p. 34.
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a supply control program in the presence of excess production
_capacity énd excess supplies of feed and food grains, increments
to farm income can be attained from either larger consumer out-
lays or larggr Treasury costs. In the past, mandatory control
programs have tgnded to incfease farm income through the market
whilé volunﬁary control programs imply greater Treasury- costs.
Mandatory_céntrol programs represent a régfessiVe "tax" on con-
sumers by increasing food'expenditures. Low income consumers spend
a higher proportion of their incomes on food than do more éffluent
consumers, and would therefore bear.a relatively-larger portion
of program costs. Maqdatory control programs also have relatively
" high a&ministrative césts,'tend to freeze productién patterns which
ﬁay be inefficient, and tend to‘restrict the freédom of farmers to
produce and market their commodities. Voluntary control pfog?ams
are supported with funds from the Treasury and therefore répresent
a progressive form of taxation on consumer-taxpayers. |

The generél ten@ency-of farm commodity legislation in the U.S.
has been a growing commitment of the federal governmerit £o suppott
farm incdme. The Qolunfary supply control programs, coﬁmodity storage
programs, ana‘direct payments used in the past to facilitafg fhié
commitment havé reéulted in high Treasury costs. It is a goal of
agriculturél.policymakers to minimize Treaéury césts of "farm ésmmoé‘

dity programs.without depressing farm incomes.to unacceptable levels.
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In ranking farm commodity programs in terms of efficient use bf
government dollars, Tweeten ranks mandatory supply control pro-

'grams as being the most efficient, followed by long-term land re~

ltirement, short-terﬁ land retirement, direct payﬁénts;yand laétly
commodity sto;age;6

_A more fecently‘stated goal of farm cémmodity-legislatioﬁ

is reliance on Ehe mérﬁet for determining efficient production
patterns. Crop by crop allotments were eliminated. This enébled
farmers to maximize income by growing crops they can gfow most
éfficiently. Under earlier programs, farmers éttempted to maximize,

" income b§ diverting acreage from the production of commodities
whose supply was coqtrolled by government programs to the produc—

. tion of commodities whose supply was not controlled. Supply con-
trols on specific commodities were found to be much less effec—
ti%e in attacking the farm income problem if cross-compliance with
all éther existing farm commodity supply control programs was not
enforéed. |

In international trade, the U.S. has long had both a comparative

and an absolute advantage in the production of feed and food grains.

6ngeten, p. 346,
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Due to a recent increase in export demand and abundant domestic
production, U.S. exports of feed and food grains have helped to main-
tain and improve the balance of paymente position of the U.S. in
international trade. Maintaining a competitive position in world
.markets through exports of farm comﬁodities has become a primary‘
goal of U.S. agricultural policy. .

In 1929 the Federal Farm Board.employed the technique of pur-
chase and storage to attack the perceived problem of excess supplies
and low prices 'of farm commodities. With a revolving fund of $500
million, Fhe Board made loans to cooperatives. Regional marketing
cooperatives were develeped to prevent and control surﬁluses of
eertain commodities and to prevent extreme price responses to exis-
.tiﬁg surpluses or shortages. Provisions of the Agricultural Marketing
Act were broadly interpreted, justifying the attempted maintenance
of U.8. wheat and cotton prices at a level above world market levels.
"According tq.J.S. Davie in Deceﬁber, 1930, domestic Wheaf prices
would have been 30 to 40 cents lower without the program.7 However,
the Board's operating funds.were soon exhausted and all domestic

grain prices moved with world prices to the lowest level in. history.

7Reiner Schickele, Agricultural Policy: Farm Programs and National
Welfare, (Néw York: McGraw-Hill Book-Co., 1954), p. 189. '

™
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In its failure, the Federal Farm Board learmed that a very
large quantity of feed and food grains must be purchased if a no-
ticegble effect on the market is to be madé. This observation is
- consistent with the contemporary fheory that price levels of feed
and féod grains are erendent ﬁpon carryover levels. For future
reference, the Board also recommended that effective production
controls must accompany any effo;t_to maintain graiﬁ'prices. The’
Federal Farm Board was abolished in-l933.-

The Agricﬁltural Adjustment Act, enacted in 1933, authorized
sﬁrong policies for the pﬁrpose of raising farm prices.and_inéomes.
In addition to the objectives of bringing immediate relief to fgrm
families and increasing farm income, the failure of the'fedéfal
Farm Bogrd convinced,policymakers that price;depressing surpluses
must be frevented by the use of productioﬁ controls. |

The. domestic allotment plan was the name of the wheat pro-
gram in the Agticultural Adjustment Act. The domestic allotment
" plan was comprised of production controlé and income distribution.
The production control mechanism consisted of a contractual agree;
-ment between férmers énd‘the USDA for the farmers to'réduée theif“
average wheat acreage by as much as 20 percent depending upon thé
. existing supply situation. In'refurp for thig redgctionléflwhéét
écréage; farmefs were guafanteed adjus?ment payménts~oﬁ thét pro-

portion of_théir wheat to be used fér‘domestic,fooa;::Cértificates .
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were issued:to farmers for their allqtment-(that portion of their
wheat production to be used for domestic food), and these certifi-
cates were séld by farmers for a value equal to the difference be-
'twéen market price and some assumed "fair" price éstablished by
policymakers.gn Adjustment payments were designed to equal the
-difference between market price and the-parity price on allotment
- production oniy. The parity price would be the average price for
wheat durihg the l9l0—lélﬁ base'period_multiplied by a current
‘prices pald or parity index number. Adjustment payments were made
on about 54 peréent of the wheat production of producers:who com-
plied with the production controls. The certificates were purchased
by millers or other proceséors with the purchase of food wheat ana
hence constifuted a use tax on wheat.

In the feed grains arena, the Agricultufal Adjustment Act em-
ployed both production controls and income distribution provisions.’
" Nonrecourse loans facilitated the income distribution:objectives.
Nonrecourse meant tﬁat the advance loans made to fgrmers on given
commédities, at some rate pér unit of commodity, need not necessarily
be repéid. If the market price of this givgn commodity remained

beloﬁ the loan rate, farmers could déliver the-commodity to fhe_

8Don F. Hadwiger, Federal Wheat Commodity Prog;ams, (Ames, Ia..
Iowa State University Press,- 1970), p. 122
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Commodity Credit Corporation as payment of the loan. If the market
price of thg commodity in question were greatef than the loan rate,
farmers could sell the commodity on the open market and.repay the
loan. The Cqmquity Credit Corporation was a governﬁent financed
corporatioﬁ created in 1933 by executive order. The loan rate was
adjusted-to~some ratio of parity price and constituted a brice floor.
for those farmers who complied with the acqompanying production
contro%s. Barley WaS'hot.a feed grain included in this program.
Nonrecﬁurse ioans were used in subsequent feed aﬁd food grain brb-
grams an&’haye rémained in. these programé as ﬁajor po1icy tools
.uﬁtil quite reéently.

| Allotments for'ﬁhe domestic allotment plan were based on the
average wheat acreage raised on e;chvfarﬁ.during a base period
extending from 1930 to 1932.‘ Farmers who had not grown wheat during
this period received no allotmenF and no certificéées. 'In éddition
to bringing no income relief Fo farmerg who had planted no wheat
during the base.period; thg'plan tended: to lock resourcés into a
rigid-productioq paétern without regard for economic efficiency.

~Another difficuity of the Agricultural Adjustment Act was that:

the.processing tax on food wheat was regarded as a tax on.bread.
This fai was regressive in:nature in that lower income families
.spent a la?ger prpparfion of théir incq@g Qn étépieé such as bread

- ﬁhan did higher income families:
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It was felt by policymakers that the Agricultural-Adjustment
-Act would not stimulate production as much as the‘policies of the
Federal Farm Board had because price subsidies covered only part of
the existing production and not any additionél or marginal produc-
fion., Also, becapse the domestic'ailotment was bésed on past pro-
ductioﬁ, it was felt that present or future productipn decisions
would be relati&ely'unaffected. Economist John D. Black disagreed
with these ideas, basing his argument on traditional marginal
analysis. He theorized that price-subsidies would help to cover
most of the fixed costs in farming and farmeré would expand pro-
duction as long as returns on additional acres exceeaed variable
éosts on these acres.

Weather proved to be the main influence on producfion and
prices of feed and food grains from 1933-1935. The problem with
voluntary controls of the Agricultural Adjustment Act can be e#—
emplified by the fact that while complying farmers reduced their
wheat acres by 19 percent in 1935, noncomplying acreage increased
by 70 percent.lo It was generally concluded that if voluntarj
controls were to be effective, more persuasive incentives would

have to be offered. 1In 1936, the U.S.- Supreme Court ruled ﬁhé

9Ibid,'p; 123,

01p1d; p. 128, "
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production control and processing tax features of the Agricultural
Adjustment Act unconstitutional.

Soil conservation practices we;e'combine& with production con-
trois in the Soil Conservation and Domestic Allotment Aét of 1936
in hopes that the U.S. Supreme Court would not find that combina-
tion qnconstitufioﬁal; as it had the combination of production con-
tfols and a processing tax. Under this format, farmers were rewarded
for voluntarily shifting production.from the production of séil—
depleting crops to the production of so;l—conserving grasses and
legumes. Many soil—dépleting'crops sucﬁ as wheat and feed grains
were in excess .supply at this time. Tn fact, "soil depleting"
crops ﬁere almos£ defined as those in surplﬁs. The Supreme Court
did'notrdisfurb £his policy comﬁination and it was employed in sub—'
sequent legislation. A stated goal of incomé parity for farmers |
was emphasized in this act. Income parity was defined as the ratio
of purchasing pqﬁer of the net” income per person on farms to that
of income per person not.onlfarms which prevaiied during’ the Auéust'
1909 to July l9l4'i>eriod.ll The.base period used offergd‘a'very
fayéraﬁle staﬁdard to farmers. 1In operation, priéé parity was the
coﬁcept'emﬁioyed; Drought adequatély controlled grain brqduction

in ;936,'and in absence of droﬁght in 1937, the program did not give:

llTWéeten, p. 303.
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adequate control.

The components.of the Agricultural Adjustﬁen£ Act of 1938 Wére
not novel} however the combinatioﬁ of provisions employed'was unique,
and became the péttern for subsequent legislation. Price supporting
loans, conservation payments, parity payﬁents, exportAsubsidies;
and federal crop insurance were combined to supporf fa?m income. As
a condition for receiving price support loans, conservation payments,
and parity payments, complying farmers had to céntrol pro&uction
by planting within acreage allotments or removing given acreages
from the productioﬁ of soii—depleting crops. .Avmofe restrictive
coﬁtrol meéhod was introduced for £he‘first time in this act with
the employment of marketing quotas for crops such as corn, cotton,
and wheat. Marketing quotas were not to be epforced unless éurpluses
became gfeat, and éhén only after farmer approval by two~thirds
affirmative vote on the queétion ih-a referendum. If approval was
nof granted in such a referendum voté, no farm program for tﬁatlgiven
commodity wéuid operate during the ensuing year.l2 ‘

-Nonrecourse- loans were employed as a means of éupportihg prices
éf commodities. Such loans were made available to farmers whenever
prices of commodities such as corn or wheat fedl below 52 pérceﬁt of

parity price. The price:of wheat did fall to less than 52 percént of

¥2ﬁadwige;; ﬁ. 153.




23

parity during the first year of the program, and the loan rate was
in effect acting as a price support from the beginning of - the pro—'
gram.13 The loan rate for certain "basic" crops (corn, cotton,-an&
wheat) was adjusted by the Secretary of Agriculture at le;els betwgén
52 and 75 percent of parity ﬁrice. These support levels on:the
basic crops were mandatory. The Commodity Credit Cérporation was
also authorized to suppo;t priées of virtually any ofher commodity.
These commodities were called "permissive'" commodities, énd the
support was not mandatory. Price supporté for barley were initiated
in 1940 under this provision. The nonrecourse loan served as a‘
mechanism for holding crops off the market during periods of market
surplus, and as the primary method for establishing and maintaining
an "ever-normal granary." The objective of the "ever-normal granaryh
was to assure adequate food and feed supplies‘during poor crop years,
and to provide an outlet for surpluses during good crop years to
prevent large market pricé declines.

The Secretary of Agriculture was instructed by the Agricultural
Adjustment Act of 1938 to make parity payments to producetrs of wheat,
- corn, and other "basic" crops, pro#iding returns to these pfoducers

as.nearly equal to parity prices as the available public fuhds would

Bipida., p. 167,
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permiF. The base period for parity price calculations was August
1909-July 1914. Parity payments were to be made on a normal pro-
duction figure detefmined from a reported history of production per
acre in prior years.
| Estimates of the effects of'poliéies of the Agricultural Ad;
justment Act indicate that acreages of wheat and other soil-~depleting
crops would havé been as much as 30 million acres greatef per year
in the U.S. in the absence of existing controls. The reduction of
wheat acres due to commodity program production controls was esti-
mate& to be 18 million acres per year between 1939 and ;941, and an
acreage even gréatertthan that in 1942. Wheat price studies have
indicated that during the period from 1938-1942, wheat prices could
have been as much ‘as 50 percent lower than the prices that actually
existedvhad price support programs not been in effect.14

A program of export subsidies as provided for in the Agricul-
tural Adjustment Act was announced in 1938 whereby the Federal
Surplus Commodity Cérporation purchased wheat on the open market
and sold it to exporters at a price enabling them to sell abroad.
Forelgn sales of wheat amounting to 94 million bushels during the

1938~1939 marketing year were assisted by the Federal Export Pro-

gram in this manner. Due to the war, foreign sales decreased in

141p1d., pp. 160-161.

TT=T
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following years, and by 1942 a wheat storage crisis had developed.
To alleviate the storage problem, wheat was channeled into alterna-
tive uses such as‘livestock feed and grain alcohol production. éub—
sidies were used to facilitate domestic sales of surplus wheat
stocks., Other agricultural commodities were similarly disposed of
domestically with the aid of subsidies.

During active involvement of the U.S. in World War II, emphasis
of agricultural policy changed from production controls to production
enc%uragement. High price guarantees in the form of price support
loans at price levels taﬁging between 85 and 90 percent of parity
price were common during the war. Surpluses gained before the war
changed from burdens to blessings, and benefits from conservation
practices were reaped ip the form of increased production during the
war. Nonbasic commodities, commodities other tﬁan,corn, cottén,
rice, wheat, and tobacco, were included in price sﬁbport programs
via the Steagall Amendment in 1941’ at support levels equal to 85
percent of parity price. The Secretary of Agriculture was empowered

‘ A
to include these nonbasic commodities in price support programs if
he found it necessary to increase their productionf The minimum -
. rate of support for the nonbasic commodities was raised to 90 percent
of parity by the Stabilization Act of 1942, This act also ‘extended

price supports for .both basic and non-basic commodities at 90 percent

of parity for a length of time extending two years after tﬁe end of

TTT=TC ™ T
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the war. The extension of price supports at such a high level
past the end of the war was in anticipation of post-war relief
requirements, and to show farmers that increased wartime agricul-
" tural production would not be rewarded with an instant production
adjustment due to falling prices. The post-war price supports
provided for in the Stabilization Act of 1942 were to be availlable
only to'those farmers who complied with acreage or marketing
quotas that had been announced by the Secretary of Agriculture and
approved by the growers.

Due fo the three-year food crisis in Europe following World
War II, the United States was able to export just over one billion
bushels of wheat during tha; period. Prodﬁction of wheat was ex-
panded in the U.S. as much as possible, and U.S. officials would
have preferred to export even greater quantities if such supplies
had been available. Coarse grains such as corn were shipped from
the U.S. to be used‘as food abroad. Surpluses of farm commodities
were replaced by a severe scarcity situation, and this atmosphere
paved the way for commodity legislaéion in 1948 that was quite
favorable for farmers. |

Price supports for basic commodities were supposed to drop

back to the range of 52 to 75 percent of parity after December 31,

1948, due to the termination of the Stabilization Act. However

the Agricultural Act of 1948 was approved and mandatory price
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supports for basic crops at 90 percent of parity were established
for crop year 1949. Price supports of other commodities such as
bafley were authorized "at levels in a fair relationship” with
prices of the basic commodities.15 Thesé price éupports were again
facilitated through price support loans. This law also provided
for a revised method of making parity calculations in the future.
Beginning January 1, 1950, parity prices for individual crops were
to be computed so as to take into consideration both the l9i0 to
1914 base period, and average prices for the previous ten years.
A transitional parity scheme was devised to limit the drop frdm
0ld to new parity to steps of not more than five percen£ of old
pafity per year.,

The Agricultural Act of 1949 provided for price supports for
tﬁe basic crops at 90 percent of parity fér i950, 80 percent of
parity for 1951 (for crops with allotments or marketing quotas),

16 However, from 1949'to

and 75-90 percent of parity after 1951.
1954 price supports for basic crops and "permissive' crops such as
barley remained at the 90 percent of parity level. During this

period the effective parity prices on basic crops was the old,

15U.S. Department of Agriculture, Agricultural Stabilization and

Conservation Service, Commodity Programs and Related Legislation
through the Years, BI No. 11 (1975), p. 4. T

61p1d.
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higher parity'calculation, or the higher of the two parity measures.
Price supports were continued in 1955 for basic crops at a level
within the flexible éZ.S to 90 percent of parity range. Support
levels dropped in 1956 and thereafter to the 75 to '90 percent of
parity range. ‘ .

Acreage controls and marketing quotas were imposed in 1954 for
the first time since World War II. It was expected that lower ﬁrice
supports in the years 1955 and 1956 would reduée production of wheat
and feed grains; however even with the subsequent acreage controls
and marketing quotas, surpluses mounted. The Soii Bank Program es-
tablished by the Agficultural Act of 1956 was designed as a program

to counteract surpluses of farm commodities. The Acreage Reserve
provision of the Soil Bank ProgramAallﬁwed payments for farmers to
reduce plantings of allotment crops, wheat, cotton, corn, tobaccb,
peanuts, and rice. The other major provision of the Soil Bank Pro-
gram, the Conservation Reserve, was a general cropland retirement

. progfam which allowed payment to farmers for diversion of part or

all of Fheir cropland to soil-conserving uses. The Soil Bank Pro-~
gram was enacted in addition to the existing price support and allot-
ment program, and in préctice, participatibn in the Soil Bank was not
'a necessary condition for receiving price supports. In the case of
corn, producing within allotments was not a necessary condition for

Soil Bank-participafion. Drought conditions prevailed in 1956, and -
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many of the acres participating in the Acreage Resefve Program
were acres on which production had already failed due to natural
causes. In this respect, the Soil Bank Program was a vehicle for
relief rather than just a means of controlling production. The
dual objectives of drpughgﬁrelief and production control persisted
in the 1957 Acreage Reserve Program, with most emphasis on relief
goals. Reductions in wheat and feed grain acreages were accomplished,
however, at an extremely high cost. In 1957 reductions in wheat
production, costing $230 million, were estimated at 175 million
bushels.17 Prospects of better growing conditions for wheat greatly
reduced participation in the wheat Acreage Reserve Program in 1958.
Given the price support and allotment program, farmers simply found
it more profitable not to commit wheat acres to the Acreage Reserve
Program., From the producer's standpoint, the Acreage Reserve Pro-
gram was more a drought relief program than an acreage control pro-
gram. Amid speculations that appropriations for a 1959 acreage
reserve program 6ould not be obtained frém Congress because of the
program's record of ineffective produgtion controls, the acreage
reserve concept was phésed out. Funds were instead increased for
the longer term Conservation Reserve Pngram. Shepherd claims that

Conservation Reserve rental rates overpaild the poor land, relative

l7Hadwiger, p. 219.
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to the gpod land, andlthe percentage effect of the program on pro-
duction was only one-half or one-third as great as the percentage
reduction in acres.l

The corn farmers' referendum of 1958 terminated corn allotments
for the following years with the condition that price supports at‘

90 percent of the average price of the preceding three years be main-
tained. The status of bérley changed from that of the “permissive"
price support category to the nonbasic category with the stipulation
that price supports be made available for barley "at such level of

its périty price as the Secretary of Agriculture determined to be fair
and reasonable in relation to the level of support made available

for éorn.l? Because price support for corn was mandatory, price
support for barley was also mandatory.

Tweeten refers to the Benson ﬁrograms of the 1950's as an
gnworkable combination of price supports with ineffective produc--
tion controls at a time when technological revolution had struck
agriculture full force. At the end of the 1950's, carry-over stocks

of wheat had reached 1.4 billion bushels and carry-over stocks of

18Shepherd, p. 45.

;9USDA, ASCS, Commodity Programs, p. 8.
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. corn had reached 2.0 billion bushéls.20 Production controls had
indeed failed. ‘

The emergency Feed Grain Act of 1961 established the basic form
of feed grain program fo; the 1960's. The program created by this
act was voluntary, offering producers generous rewards for parti-

'éipation. The dominaﬁt functional element of this act was an acre-
age diversion program for corn and grain sorghums under which pay-
ments were made to producers who diverted acreage.from the produc-
tion of theée feed grains to conserving uses. Producers who'complied‘
with fhis program qualified for price supports at 74 percent of
parity, and d;version payments for those acres diverted from produc—‘
tion;‘ No price supports were offered to producers who did not comply
with the program at the minimum level of participation. Higher pay-
ment rates were offered to producers who chose to &ivert acreages
lérger than the minimum qualifying level. This prbgram indirectly
authorized a higher price support level for barley because support

. rates for barley were tied to the levél of support made available

for corn.. The feed grains program for crop year 1962, approved as

the Agricultural Act of 1961, continued the policies employed in

1961 and included barley as a diverted acre crop.-

20Tweeten, p. 309.
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Emergency wheat pfograms were enacted in 1962 and i963 which
extended acreage-divgrsion prévisions to wheat. The primary objec-
tive of these programs was to reduce wheat production below the 55
million acre national wheat allotment by approximately ten percent.
Price supports for producers were made dependent upon compliance with
the wheat acreage diversion program, Price supports during these
years were maintained within the 75 £0_90 percent of parity range.
The acreage allotment and marketing quota system originated in 1954
continued through 1963.

The feed grains programs through 1970 remained basically as
extensions of the emergency feed grain program of 1961, employing
acreage diversions with generous rewards for participation.

The wheat program for 1964 was basically a two-price plan.
Complying producers Wefe required to divert land from wheét pro-
auction to soll-conserving uses. ﬁiversion payments were made on
diverted acreage, and complying producers received price supports
in the form of both domestic certificates and export certificates.
This program was voluntary; however producers who did not comply
received no certificates and no program benefits. Programs similar
to the 1964 Wheat-Cotton Act continued throughout the 1960's, with
acreage diversion and'marketing certificates remalning as the pri-

mary policy tools for the wheat sector.




33

The voluntary feed grain program established under the Agri-
cultural Act of 1970 was a set-aside program, under which participa-
ting farmers were required to set aside feed grain acreage or other
cropland in order to be eligible for price support loansvand set-
aside payments. The set-aside provision of this program functioned
similarly to the diversion provision of the 1960's programs.

Ayset—aside prpgrém was also eétablished for the wheat sector
under the Agricultural Act of 1970. Under this program producers
were redui?ed to set aside given acreages from the production of
wheat or other substitute crops to qualify for price support loans,
certificates, aﬁd set-aside payﬁents. For the 1971 to 1973 crop
years, marketing quotas and acreage allotments were suspended.

The 1961 and 1962 feed grains and wheat programs were quite
effective in reducing both acreages and total production of these
grains. Feed grains acreage reduction in 1961 for the country as
a.whole was about 13 percént, and the reduction in feed grains pro-
duction was about 10 percent.21 The difference between the reduc-
tions in acreage and production is due to theufact that participants
removed thelr poorer acres from production and applied more variable

inputs to the remaining grain acres. Also, nonparticipants in the

program tended to increase their production. When examining the

21Shepherd, pp. 49-51.
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Conservation Reserve program of 1960 for these effects, Shgphgrd
found that eight percent of the total croplard was removed from
'production,}and'4.5 percent of the total value of all 1960 crops
could have been produced on this land removed from pro.duction.22

Whether measuring acres removed from production, or percent of
total farm product eliminated, the feed grain and wheat programs of
the 1960's appear to have‘been more effective than the Conservation
Reserve program. Studles also indicate that the feed grain and wheat
programs of the 1960's were more costly to the government, both in
an absolute sense, and when measured by the standard of the reduc-
tion in value of crops produced per dollar of rental‘payment. Ren-
tal payments under the feed grain and wheat programs of the 1960's
tended to be mﬁéh higher than for the Conservation Reserve program,
and the range of rental rates accomodating differing productivity
levels of land was about twice as great fér the programs of the

1960'5.23~

22Ibid., p. 45,

23Ibid., p. 49.




Chapter 3

THEORETICAL CONSIDERATIONS

Theory of Supply

The theory of supply is a logical development from the theory
of the firm, A‘firm is a technical unit in which single or multiple
commodities are produced. Inherent in this technical unit is an
aggregation of scarce resources for which economic returns exist.
The firm is assumed to maximize profits via the postulate of ration-
ality. Profits are defiﬁed as the difference between revenue from
the sale of outputs and the costs of all inputs. The determination
of optimum profits is Eased on a technical production function and
given seté of factor and product prices. These sets of prices are
determined by thé supply functions of the factor markets and the
demand functions of the product markets respectively.

The production-function is a pﬁrely ph&sical input-output
_relatiohship relating physical units of inputs to physical unité
of output. It represents the set of technical rules reflecting
the "state of the arfs" which specifically quantify the transfor-
matibn of inputs into outputs. The concept of the production func-
tiqn is general, as a specific production function may be given by

a single point, a single coptiﬁuous function, a single discontinuous
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function, or a system of equations.24 Production functions given
by a single continuous function with continucus first— and second-
;order partial derivatives will be discussed.

The production process takes place over time, and both input
and output levels are measured as flows over time. The relevant
time period for a short—run production function is such that it is
sufficientiy short to prevent changiné technology from altering its
- shap, sufficiently short to prevent the entrepreneur from altering
" the level of employment pf certain inputs (plant, equipﬁent, tech-
nology); yet sufficiently long enough to allow the‘complétion of the
production process. Fixed and variable inputs are defined relative
to the time frame. Levels of usage of fixed inputs cannot be altered
in the short-run, Whereas levels of usage of variable inputs are
totally wvariable wifhin this time frame. By extending the length
of the planning period, more and more inputs become variable; in the
long run, all inputs become variable. Given the production functions
of the firms of an industry, the factor supply functions facing thé
firms in the input market, and the demand functions. facing the firms
in the product market, cost functions and equilibrium output relevant

to the industry firms can be calculated.

24James M. Henderson and Richard E. Quandt, Microeconomic Theory:
A Mathematical Approach, (New York: McGraw-Hill Book Co,,
1971), p. 52.

— T =TT T T
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Given the level of technology and fixed factors of production,
different levels ofrproduction based on speciriic amounts of variable
factors can be graphically represented on an isoquant map, figure 3.1.
In the case of a continuous production function with two variable
inputs, positive levels of the variable inputs x, and x, are measured

1 2

on the X, and X, axes. The positive quandrant of the X plane repre-

1! 2

sents input space and every point thereof represents a specific input

1%2

; : i : :
combination. Each isoquant q represents different combinations

X
N

Units of xo
S

f/ q(3)

q(l) q(2)

Units of X

Figure 3.1 Isoquant Map




38
of variable inputs Xy and X, that yield the same level of output.
The slope of the tangent to a Roint on an iscguant is the rate at
which kl must be substituted for X, (or X, for xl) in order to main-
tain the corresponding output level. The negative of the slope is
defined as the rate of technical substitufion (RTS).25 Highér
" levels of total product are represented by isoquants located farther
'from the origin.

First order conditions for both constrained output maximization
and constrained cost minimization can be represented on the isoquant
map with the addition of another construct, the isocost line. An
isocost line is defined as the locus of input combinations that may

be purchased for a specified total cost. The X —inferdept of the

1

isocost line I, gives the amount of Xy that can be purchased for

1
total cost Cl: the Xz—intercept gives the amount of X, that can
be purchased for Cl and input combinations of X and %, along Il
also cost C,, The slope of the isocost line equals the negative

1

of the factor price ratio., Perfect competition in the input mar-
ket 1s assumed in this analysis.

If the relevant family of isoquants is convex to the origin,
every point of tangency between an isoquant and an isocost line is

the solution of both a constrained output maximization problem and

231b4d., p. 59.
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a constrained_cost minimizaiion problem. The locus of these tan-
gency points is defined as the expansion path of the firm under |
consideration. As only least cost input ‘combinations for success-
ively larger levels of output lie on the expansion path (moving
outward from the origin on OE), a ratiomal gntiepreheur will employ
6nly the input combinations lying on the expansion path. The assump-
tion of perfect éompetition in both the factor and product markets
is required for the preceding analysis. Recaliing the significance
of the slopes of isoquants and isocost lines, in equilibrium pro-
duction will occur on the expansion path wherée the rate of techni-
cal substitution between any two variable inputs is equal to the
ratio of their prices.

Graphically, second-order conditions for constrained output
maximiéation or constrained cost minimization require that any iso-
quant tangent to an isocost line satisfying first-—order conditions
must be convex to the origin. This requires that first-order con-
ditions are obtained at the highest achievable output level. For
isoquants concave to the origin, first-order conditions would indi-
caté that the solution .is one of output minimization o¥ cost maxi-
mization.

A continuous short run production function of a single firm can
be represenfed'by: |

Q = f(leXZ’ « . ey Xn + B) ' (3.1)
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where,

Q is the quantity of output produced,

Xi’ i= l,2,..;,n, are the quantities of vériable inputs em-
plo&ed, and | |

B is the quantity of fixed inputs employed in production. In
this produqtion function, B is treated as a parameter and Q is a
" function of the variable inputs Xi'

The total cost function assoclated with the above production
function can bé'expressed as:

C=rX +1X+...+1X +D - (3.2)
where,

C 1s the total cost of production,

T i=12,...,n, and

i?
b 1s the total fixed cost.
Generally, the profit function of a firm selling in a perfectly
~competitive market can be expressed as:
m = pQ—C. (3.3)
where,
T ié the difference between revénue from the sale of outputs
and the costs of all inputs, or profit;
p is the fixed unit price of output,

Q is the quantity of output marketed, and

C 1s the total cost.
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More specifically, the profit function can be generated by sub-

stitution from (2.1) and (2.2) as:
n

« v s s X +B) - rX -b»> (3.4)
pal 1=1 i1 .

In this functional form it can be seen that profit is a function

m o= pf(Xl,Xz,

of x,, hence m is maximized with respect to these variables.

i,
One method of examining conditions associated with optimizing

behavior is to examine the maximization of output subject to a

cost constraint. Forming the Lagrangian function,
n
coe " Xn + B) + u(C —izl L P b)

first-order cogditions can be met by forming the partial derivative

of V with respect to x, and (an undetermined Lagrangian multiplier),

i

' setting these partial derivatives equal to zero, and solving for fl/fZ;

BV/Bxl = fl - Hry = 0
ov/ax, = £, - pyr, =0
27 T2 M (3.6)
V/du=C ~ 3% r,x, —b =20 ’
. i=1 id
u = fl/f2 =r_/r

172

First-order conditions may be expressed as the equality of the

ratio of the marginal products of x, and X, to the ratio of their

1
respective prices, or the equality of the rate of technical substi-
tution and the input price ratio. It will be recalled that the

.rate of téchnical substitution is equal to the input price ratio.
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Second-order conditions for comnstrained output maximizatioﬁ
are met if the relevant bordered Hessian determinant is positive.

This ensures that the rate of change of slope of a tangent to an

2
1

) isoquant is positive, azxz/ax > 0, or that the iéoquants are
convex to the originﬂ' For the case of congtrained cost minimization,
first- and second-order conditiéﬁs are identical with those of con-
‘strained output maximization. |

Profit considerations are assumed to be primary factors deter-
mining the organization of production of the firm. First~order
conditions fof profit maximizatién are mef by'partially differen~
Fiating (2.4) with réspect to Xy setting thesé partials equal to
zero and solviné. The parti;l derivati&es of the production func-
tion with respect to the wvariable iﬁputs aré the marginal products
of the variable inputs. First-order conditions for profit maxi-
mizaéibn require thaf each variable input be employed up to a poiﬁt
" at which the value of its marginal product (VMP) equals its price.
Positive increments to profit can be obtaipeq as long as additiomns
to revenue from the employment of va£iable inputs exceed the cost
of these inputs. The combination of inputs yielding mgximum profit
can be found on the expansion path. |

Second—-order conditions for profit maximizétioﬁ are met if‘

the principle minors of the relevant Hessian determinant alternate

in sign:




2 2 2 2 ‘
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’ Inequality (3.7) indicates that for second-order conditions of
profit maximization to be met, profit must be deéreaSing with grgéter
levels of usage of variable inputs X, OF %,. Inequality (3.8) shows-

that for addifional usage of both variable inputs x, and Xy profit

1
is also decréasing. Alternatively, (3.7) and (3.8) require that the
production function be strictly concave in the region of a point

"at which first-order conditions are met, with Xy and x, > 0 if such

a point exists. TIf the production.function possesses no fegion which
is stricfly concave, and at which levels of inpﬁt; and outﬁut are
_ponﬁegative, competitive profit—maxfmizing solutions as described
heré cannot be obtained.

Assuming rational behavior of the entfépreneﬁr and optimal‘
input-combinatiéﬁs in Prbauction, the analysis of profit maximiza—
" tion can be pursﬁed'in terms of revenues and costs expressed as
..functions of.output. The short—run supply function of the competi-

tive firm can be developed from the production function (3.1), the

total cost function §3,2),_and the expansion path function. This

'system of three equations can be reduced to a single eqﬁétiqﬁ stating -
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cost as an explicit function of the level of output plus the cost
of fixed factors.

C=0a +b (3.10)
Combinations of output levels and thelr corresponding costs can be
obtained by selecting various points on the expansion path, substi-
tuting the corresponding input level values into the production
function to obtain the output level, multiplying the input levél
values by the given input prices to obtain total wvariable costs,
~and adding fixed costs. This procedure will give the minimum cost
of supplying any output level. The supply schedule is that part of

the marginal cost function which is greater. than average variable

costs:
MC = dC/dq = 87(q) (3.11)
AVC = §(q)/q ‘ (3.12)

Retaining the assumptions of perfect competition in the factor
and product markets and profit maximizing behaviér, revenues and
profit are a functioﬁ of output:

m = pq - B(q)-b : (3.13)

First~order conditions for profit maximizations are obtained
by partially differentiating the profit function with respect to q
and setting the derivative equal to zero,

dr/dq = p - #°(a) = 0, p=0"() (3.14)
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This states that to maximize profits marginal cost must equal
the given market price for the output. In the relevant range of
production, if market price is greater than marginal cost, the
entrepreneur can increase profit bytexpanding output; conversely,
if market price is less than marginal cost, profit caf be jincreased
or losses can be reduced by decreasing output. The second-order
condition for profit maximizationAstates that

d%c/dq® = d%c/dq® < 0, or dc/dq® > 0 (3.15)
This means that marginal cost must be increasing at the level of
output where profit is maximized. If marginal cost were in fact
decreasing where marginal cost equals market price, profit mini-
mization would occur.

Fixed costs do not enter in the production decision process
in the short-run. Discontinuing proéuction and accepting a loss
equal to total fixed cost would océur if the loss accepted from
producing zero output would be less than the loss sustained from
producing anylpositiﬁe output level.

In the short-run certain scarce inputs sgch as management,

plant and equipment are assumed fixed. Assuming competitive con-

ditions in the factor and product markets and firm profit maximizing

behavior, all inputs become variable in the long-run and the entre-
preneur can alter management, plant and equipment, such that the

lowest unit cost of production is attained.
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The long~run supply function 1s developed by incorporating
all factors as variable in the production function, the total cost
function, and the expansion patﬁ function. Representing plant,
equipment, and technology (all factors of production assumed fixed
in the‘short run) by k, this gives:

q = f(Xi,Xz,Kl o« . xn),

C = % + T X, + P®) + . . .+ X, (3.16)

0 = g(xl,xz,K,xn).

Reducing this system of equations, total cost can be expressed as a
function of plant size and output level.

C = #(q,K) + y(K). (3.17)

.For any given output level, the entrepreneur can Ealculate the
total cost for each valile of k and select the plant size for which
total coét is a minimum. fhié point will lié on the long-run total
cost curve. Assuming k continuously variable, the 16ng—run total
cost curve is the envelope of the infinite number of short-run
total cost curves, or the locus of all minimum cosﬁ‘points of the
short~-run cost curves, with one point of~the long~run total cost
curve in coﬁmon with one point of each of the short-run curves.

In the long-run, first- and second—o;der conditions for profit
maximization are -obtained by differentiation of the profit function,
where profit during a given period is the difference between revenue

.and cost, with plant size variable:
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T = Pq - ®(q)

First- and second-order conditions state that long-run mar-
ginai cost must equal market price at the point of profit maximizing
output, and that the marginal c&st function must be increasing at
this output level.

Long~run total cost and long-run average cost are the envelope
curves of the short-run total cost curves and short-run average
cost curves respectiyely. An analogous situation with respect to
long-run and short-run marginal cost curves:does not hold. Por-
tions of a short-run marginal cost curve may lie below the long-run
marginal cost.curve for a given output, but the long-run marginal
cost curve 1s defined as the locus of points on the short-run marginal
cost curves where plant size is optimal for the given output. The
long-run supply curve of the competitive industry, however, will
coincide with the long-run average cost curve; and may exhibit the
existence of eipher external economies or diseconomies of scale.

The tendency of long run supply to approximate the curve of average
costs for the industry resulfs from assumptions of competitive insti-
tutions, spch as free-entry and free-exit and préfit maximizing
behavior on behalf of individual firms, leading to long-run zero
profit equilibrium common to the competitive industry.

The classical supply function of the individual firm expresses

\

the functional relationship between quantity produced of a given
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commodity and its own product price, with input prices and all other
supply shifters held 'constant. Immediate adjustment of the depen-
dent variable Si (supply of a given commodity of the ith firmj to
changes in the independent variables and‘parameters of ;he supply
funcfion is implied from the assumptions of the perfectly competi-
tive market strucfure of the factor and product markets. Implicit
in the concept of the supply function is the notion that one or
more input factors may be varied and that these factors are substi-
tutable in the production procass; The. supply function is also
reveréible in the sense that inputs can be'édded or taken away
from production.‘

The supply function of an agricultural commodity (e.g., wheat)
exemplifies a greatly inhibited instantaneous adjustment of the
dependent Qariable, supply of wheat, to changes iﬁ the independent
variables of the supply function. The primary factors inhibiting
this adjustment are physical or biological in nature, lack of infor-
mation, traditiomal ﬁroduction practices, and cultural aspects of
agricultural producers.

'Product price uncertainty is anothef important element in-
hibiting production adjustments in agriculture. The farmer plants
and takes a chance. The risk attribu£ed to product price uncer-
tainty involves a cost ﬁhich,can be included in the cost structure

LI

of the firm. As the risk varies directly with the quantity of
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commodity produced, the cost attached is a variable cost which has -
the effect of raising the margiﬁgl cost and contracting the supply
function for the commodity in question. Similarly, given a change
in relative prices of commodities, price uncertainty would inhibit
a full production adjustment by farmers. Price uhcertéinty would
affect the longer-run pfoduction adjustment of farmers to a change
in relative commodity prices by -diminishing the adoption of costly
innovations in production. )

.The p9sitively sloped commodity supply function (e.g., wheat '
suppiy function) 1is assumed to reflect the movement of factors into
production of this commodity, given an increase in relative price of
wheat. The slope (elasticity) of the commodity supply function will
depend'on the production time period and the existence, extent ‘and
closeness of production alternatives. If the length of run is long
and the production alternatives are numerous and quite close, a
relatively small increase in the price of wheat would be associated
with a relatively large increase in the quantity produced. It is
characteristic in most agricultural pfoduction for certain primary
factors of production to remain fixed in the shor; run., This resource
fikity imposes a constraint on the technical substitution possibili-
ties of resources among enterprises, within aﬁd between farm firms.
The factors‘which teﬁd to get fixed in production are: (1) 1abor,

in the form of the family labor force; (2) the total number of acres
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per farm; and, (3) the total amount and form of hea&y machinery and
equipment. The elastic%;ies of supply of farm commodities such as
wheat and Barley tend to be quite low and considerable varilation in
relative supply elasticities between different commodities has Been
found. Past studies have estimated the supply elasticities of
wheat and barley to be inelastic, ranging between zero and one.

Changing the unit of inquiry from that of the commodity to that -
of the firm, the relevant supply function is a supply function for
aggregate output of the farm firm, since the typical farm firm is
a multiple enterprise. Most economists Would agree that this supply
function of the farm firm is severely inelastic. Fixity of resources,
such as labor, land, and many forms of capital in the short-run is
the primary determining cause of this iﬁelasticity. If the firm is
a "going concern,' the costs of these inputs do not vary relative
to usage leveis, and they are usually fu11y'emfloyed. Given rising
farm commodity prices, land and labor resources canmot be increased
by individual operators bidding against one'another; given falling
farm commodity prices, farm labor, land, and sunk capital lack
employment aiternatives. Returns to these resources fall along
with product prices and they tend to-rem;in employed on the same
farm units. The inelastic nature of the short-run aggregate
output supply function for the farm firm can also be attributed

to the lack of flow of land and labor resources acfoss'the
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farm-nonfarm line in respomse to changing resource prices. The
tendency of farmers to Qiew farming as a way of life more than as

a profit maximizing bus;ness, thereby not responding as readily

to economic stimuli, tends to diminish the elasticity of the supply
funcﬁion for‘aggregate output of the farm firm. Given a change in
relative ﬁrices of farm commodities, a substantial»change in compo-
sition of the aggregate output of the individual farm firm would

be expected.

Supply Response

Supply response, or a response relation in general, is a term
used in describing how the quantity of a commodity offered for sale
varies with changes in the relative price of the commodity. The .
term supply (or output) response is a more gemneral comncept than is
supply: function, and it is inclusivg of the concept of net supply
relation.

. The short-run aggreéate supply curve for a given commodity
states the quantity of this commodity the firms of the industry will
produce as a function of market price. An individual firm's short-
run supply curve is identical with that portion of its short-run
marginal cost curve which lies above its average variable cost curve.

The aggregate short-run supply function for a givén commodity is

obtained by summing the individual supply functions of all the firms
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of the industry. Outpﬁt levels (supply levels) can be varied in the
short-run in response to changes in market price of the commodity
in question, but the level of employment of capital items such as
equipment, land, and management cannot be varied.

The firm's long-run supply curve is identical with that portion
of its long~run marginal cost function for which marginal cost
exceeds average cost. Hence the firm's long-run supply curve states
the quaﬁtity of a given commodity‘it will produce as a function of

‘market price, with all inputs variable. The long-run aggregate
supply function of the industry is a positively sloped function under
the assumption of increasing costs.

Heady describes the response relation as a mongrel relation.27
A respomse relation involves both movements along a supply curve and
shifts in supply.28' Given an increase in the market price of wheat,
new techniques of production are likely to be intfoduced. A price
increase could cause, farmers to increase output along an existing
static supply curve, and it could lead to a shift to a new supply

curve. The resulting increase in output would then be greater

26Ibid., p. 111

7Willard W. Cochrane, "Conceptualizing the Supply Relation in
Agriculture," Journal of Farm Economics 37 (1955): 1161-1176.

28William G. Tomek and Kenneth L. Robinson, Agricultural Report
Prices, (Ithaca: Cornell University Press, 1972), pp. 71-73.
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than the increase anticipated if a forecast were based solely on
the static concept of supply. .

A response relation is concerned with the output response to
" a price change and is concerned with the shifters of supply, with
time not held constant. The classical supply function is reversible,
but the response relation is not reversible because of shifts in
variables and parameters. A response relation generally traces
out one path for an increase in relative ﬁrice and a different path
for a ﬁecrease.

Technology, or the changes in technology over time, is an
important variable held constant in a supply function, but allowed
to vary in a response relation. Technology is significant in lending
the nonreversible nature to the response relation, as farmers would
not tend to give up a technological.advancé once adopted.

Given a positive relative price change of an agricultural
commodity, the corresponding supply response relation would be more
elastic than the cofresponding supply relation. The quantity of
this commodity offered for sale would increase in response to the
increasing price as a result of several processes working together.
They include‘resou;ces attracted to the production of this commodity
from less profitable farm enterprises, changes in input costs,

. changes 1in prices of substitutes, and the adoption of new technology.
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Given a declining price, the response relation would déscribé
declining quantities'offered for sale, however, the absolute value
of the rate of decrease in production would be less than the absolute
value of the rate of increase during the increasing price phase.
Given falling reiative commodity, prices resources such as land and
labor can be shifted into production of other commodities, however,
technological advances will not be given up easily, especially if
these advances have led to lower unit costs of production. This
implies that agricultural producers will. produce and.sell, at some
particular price, a larger quantity in an environmenf of declininé
prices than they would have produced and sold at that same particular
price in the preceding increasing price phase.

The coneept of supply (or output) response describes how out-
put, or ac£ual quantity supplied varies with price and the supply.
shifters over some period of time. In fe?ms of real-world happen-

ings, the response-relation is a useful concept.

A




Chapter 4

ECONOMETRIC THEORY AND STATISTICAL CONSIDERATIONS

Price and Policy Variables

The supply models developed in this thesis are acreage responses
for Montana wheat and barley, with the dependent variable specifiedi
as ”acreage planted” of the respective crops. The relationship
between "acreage planted” and Macreage harvested" of wheat and
barley was originally assumed to be very close. Coefficients of
correlation for acreage planted and acreage harveéted of wheat and’
barley in Montana are .87 and .96, respectively. It was assumed
the existing variation between these two data series was éaused
by random environmental factors, with no systematic economic re-
lationship genérating the variation.

Policies of recent past farm legislation based on production
control and soill conservation objectives have likely increased yields
of many crops. In referring to earlier studles, Tweeten claims that
acreage allotments have contributed to higher yields.29 Shepherd

asserts that soil conservation measures have increased both acreage

29Tweeten, p. 315,
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and yields of surplus crops.30 This thesis does not address the
analysis of total production or prbduction rates of farm commodities.
:

Acres of the input land is the variable under investigation.

The general functional relationship serving as a basis of this
investigation can be expressed as:

Ap = £, G, R) (4.1)
where,
A, represents annuai Montana acres of the ith crbp planted,

i

Pi represents all relevant open-market forces which are assumed
to affeét all.planting decisions in the State of Montana., Of primary
importance here are present an? recent past market prices of the
crop in question, market prices of substitute commodities in pro-
duction, and livestock prices. Pi could also represent other pro-
ductive inputs sqch as heavy machinery, fertilizer, and interest
rates.

. G represents all relevant Government program policies which
affect the acreage planted of different Montana crops. Nonrecgurse
loan rates, direct support payments, payments for reducing planted

acreages of different crops, and various forms of acréage restric-

tions are the most important elements of this category.

30Shepherd, p. 205.

I
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R represents all other supply determining factors: Unspeci-
fied economic factors, noneconomic factors, and random effects.
Weather factors, piant diseases, and elements such as weed and
insect problems would be included here. Also, exogenous factors
which could significantly infiuénce producer expectations and indi-
vidual farm cropping patterns would be contained by R.

Many of the elements properly included in either P G, or R

i’
above may not be considered measurable due to data consideratiomns.
However, the factors considered most‘important in determining the
écreage planted of a given Montana crop can be included in one of
the three categories given above.

In analyzing farm commodity supply relationéhips, lagged mar-
.ket prices are generally assumed to be thénrelevant supply~-inducing
variables. The imposition of Govermment support prices into an
otherwise free market can raise serious questions about this app-
roach. Houck and Ryan found that the presence of Government price
supports made the net relation between iagged market prices and
acreage difficult to isolate.31 Past research by the same Investi-

gators and others indicated that generally greater acreage respon-

siveness to. lagged market prices than to current price supports

31Mary E. Ryan and James P. Houck, "Supply Analysis for Corn in the
United States: The Impact of Changing Government Programs,"

American Journal of Agricultural Economics 54 (May 1972): pp. 184-
191,
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occurred when the relevant past market prices exceeded the corres—
ponding support prices. Given a situation where the pricé support
level of a given commodity exceeded the corresponding free market
price, a "weighted support price' variable was found to better
explain variations in acreage. planted of that commodity than was
the lagged market price.32 Alsé, intercorrelation between weighted
support prices and lagéed market prices reduced the significance
of both varilables wheﬁ they were used in the same regression equa-
tion. !

. Recent farm commodity programs pertaining to various commodi-
ties have had policies which were adjusfable on an annual basis.
In the past, certain épecific policies have remainea in effeét for
only one crop year; others héve remained in effect for many years.
In evaluating the influence of Government farm program policies
on planted acreage of Montana wheat and barley, numerous policies
effective for varying time periods must be generalized or reduced
down to a few quantitative variables which are capable of statisf
tical measurement and inference.

In this discussion of the influence of Government farm com—~
modity programs on acreage planted of a given crop, it is assumed

that the acreage planted of a given crop fér any year is a function

'321b1d.
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of current Government farm program variables, past market prices
of other commodities, and all other supply shifters. Given both
an opeﬁ—market price of a certain commodity and a program influenced
price (support price), the program influenced price is assumed to
be the relevant supply-inducing price. Such a relationship can be
graphically represented by figure 4.1. In this relationship; acre-—
age planted is expressed only as a function of the current support
rate. Past relevant commodity prices, program policies and supply
(shifters are held comstant. The conceptual framework of policy
variables for wheat and Earley are due to Ryan and Ableo33

If the Govermment announced a certain support rate, PAt’ and
did not make this support rate conditional upon either voluntary or
mandatéry production controls, the announced support rate would be
viewed by producers as a simple price guarantee. ' In figure 4.1, it
can be seen that qo would be planted at a price support level of
PAt.‘

Assume that policymakers attempt to a&just annual program
policies in order to elicit certain production responses from farm-

ers, and that these policies are determinable from some optimal

projected production level. TFurther assume that the desired acreage .

33Mary E. Ryan and Martin E. Abel, "Corn Acreage Respouse and the

Set-Aside Program," Agricultural Economic Research 24 (October
1972): pp. 102-112, . : .
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of the crop in question is ql (figure 4.1). Given the supply re-
lationship embodied in Sl’ acreage level q1 could be achieved by
lowering the support rate to WSt, assuming market price, Pm < WSt < PAt.
Frequently, however, because of the effect such a price fall would
have on farm income, policy-makers do mot find it feasible to achieve
production responses in this manner. Another method of inducing
producers to reduce crop acres to the q1 level would be to announce
the support rate of PAt’ but require rgductions in production equal
to acreage input qo—ql. Reductions of crop acreages by individual
farmers could be attained by requiring eéch farmer to reduce his
acreage input by a given percentage (r) from some eséablished ﬁistoré
ical base quantity. Such a production adjustmént in the aggregate
would shift the supply function from S1 to a supply function in the
region of point C. In this examplé, WSt could be called the -
"gffective support rate," with the relationship between announced
support rate and effective support rate expressed by the following
equation:

WS_ = rPA_ | "(4.2)
where r is an adjustment factor reflecting the reduction in planted
acreage required to attain PAt' A price sgpport with no planting
restrictions implies r = 1.0, and as planting restrictions tighten,

r would approach zero. Given a price support policy accompanied by

acreage restrictions of the type discussed above, producer income
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protection demonstrated by the size of area Y in figure 4.1 is
available to participating producers.

Another method of reducing crop acreages while maintaining
farm income is for the govermment to make direct payments to farmers
as rewards for either leaving land idle or employing it in a soil-
conserving practice. Referring to figure 4.2, assume that policy-
makers choose to reduce planted crop acres by magnitude qo—ql. In
addition to the two méthods described above, payments (referred to
as "diversion" payments or "set—aside" payments during the 1961-
1973 period) at a rate comprable to met returns from crop produc—
tion, could be offered to farmers for diverting land from crbp pro-
duction. In past apﬁlications of this type of acreage control,
program administrators have allowed varying levels of diversion,
at given payment rates, from an established base acreage. Base
acreages of different crops per farm were established from histori-
cal production records. Sufficient participation by farmers in such
a diversion program would shift fhe supply relationship Sd to Sd'

in figure 4.2. The relationship between the payment rate for diver~—

sion, PDt’ and the "effective diversion payment rate," WD _, can be

t’
shown in equation 4.3:
WDt = pPDt | (4.3)

where p is the proportion of the historical base acreage of the

relevant crop eligible for diversion. The adjustment factor p
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Figure 4.2 Montana crop acres planted for harvest as a function of
government diversion payment rates.
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ranges in value frém 1.0 to zero. Given no limit on allowable
diversion levels, p = 1; however p wpuld fall very close to zero
if only small percentages of given crop base acres were allowed
for diversion. In figure 4.2 it can be seen that at diversion
payment rate Pth if no restrictions were placed on the percentage
of base permitted diverted, qo would be diverted from production,
holding constant all other factors. Increases in the diversion
payment rate'PDt would generate increases in the amount of acreage
diverted along Sd, and decreases in acréage diverted could be
generated by decreases in PDt' PDt can be viewed as a government
rental rate for land, with p representing the 1iﬁit‘to which indi-
vidual farmérs can rent their base acres of different crops.

In the time period examined for this thesis, policy'combina—*
tions can be represented by the variables WS

PAt’ WD_, and PDt'

t’ t

Considering equations 4.2 and 4.3 and figures 4.1 and 4.2, the
interrelationship between the support rate variablés and the
diversion rate variables can be noted. Given an increase in
WSt or PAt’ thereby increasing acres planted, Sd would shift to
the right. Similarly, an increase in PDt or WDt would tend to
shift Sl to the left.

Actual planting decisions of ag producers aré influenced by

such variables representing different crops and pélicies and their

interactions. WBt and WDt are constructed variables, constructed
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from observed data of the farm programs. This approach is generai,
since 1t permits formulating WSt and WDt from farm programs dif--
fering considerably in basic structure. Therefore, consistent in-
terpretation of the farm programs and identification of the com~
ponents of thesé programs are minimal reguirements in developing use-
ful data series. Despite changes in program structure, diversion
levels are expected to be represented as accurately as administra-
tive specifications required during the active life of these pro-~

grams.

The General Linear Model

Economic theory is concerned with the relationships among
economic variables. Econometrics is concerned with quantifying
the theoretical relations by estimating and testing the signifi-
cance of the parameters involved. Economic relationships dealt
with in econometrics are usually treated as stochastic. Given
a relationship between Xi and Yi’

set of values of Xi there is a probability distribution of values

i=1, 2, . . .5 ny, for each

of Yi' The .following represents the classical multiple linear

regression equation:

Xi +b X, + .. . +DbX.  +e

2t by¥ys WKy T &g 1= Li2snem

Yi = bl + b2

(4.4)

where,
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Yi 1s the dependent variable,
Xij are the explanatory or independent variables, i=212,...,k
bj are the unknown population parameters,
and €5 is a random disturbance term.
The presence of a stochastic disturbance term in the equation
allows Yi to assume an array of values each with a given pfobability.

In 4 stochastic relation represented by equation 4.4, Yi is

sald to be functionally dependent on X This implies that for

1

some set of values of Xi’ a change‘in this set of values will dic-

>

tate a change in the mean value of Y or a change of soﬁe charac-
teristic of the distribution of Y, AGiven a change of Xi, changes
of both the mean and the variance of the distribution of Y is the
general case., Formalized economic theory is generally stated in
deterministic form, not because stochastic influences are assumed
absent, but because systematic economic influences are considered
more important.

| The multiple regression model is often the simplest way to
describe economic relationships. The general linear model states
that the value of an observable random dependent variable is a
linear function of several observable independent variables and
an unobservable stochastic disturbance. Linearity of the model

refers to linearity in the unknown structural parameters.
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In matrix notation, equation (4.4) consisting of k ~ 1 expiana—
tory variables can be rewritten as .
Y =Xb+ ¢ (4.5)
where, |
Y is an (n X 1) column vector of n observations of the explana-
tory (dependent) variable.
X is an (n X k) matrix of observations on k explanat&ry (in-
dependent) variables. .
b is a (k X 1) column vector of unknown population parameters.
e is an (n X 1) column vector of unobservable stochastic dis-
turbance terms. °
The following set  of assumptions is required for the complete
specification of the‘multiple regression model.
(4.a) e.: N(0,%), where-0 is a column vector of zero; and Z is a
diagonal matrix of (n x n), |
(4.B) =z = ozln, where In is an identity matrix &f order (n X n),’
"(4.C) The elements of the métrix X are nonstochastic with values
fixed in repeated samples, and the matrix (1/n) (X'X) is
nonsingular and such that, for any sample size, its elements
are finite,
Assumption (4.A) states that the-unobservable disturbance
term is normally distfibuted and has an expected value of zero.

Assumption (4.B) indicates that each disturbance has constant
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unknown variance and that the diéturbances are not serially cor-
related. Taken tqgether, assumptions (4.4) ana (4.B) imply that
not only are the disturbances uncorrelated, they are statistically
independent in the probability sense.34 Assumption (4.C) indicateé
that the set of values of X, is taken to be the same from sample

i

to sample, that the values of any X, in the sample must not all be’

i

equal to the same number, and that the values of any X, cannot grow

i
or decline without limit as the sample size increases. Also in-
cluded in assﬁmption (4.C) is the provision that the rank of matrix
X is k < n and the requilrement that none of the explanatory vari-
ables be perfecfly correlated with any otherjexplanatory variable,:
or Yith‘any linear combiﬁation of other explanatory variables.

The above model, inclusive of the basic assumptions, describes’
a relationship, whereby, for every gilven set of explanatory varia-
bles.X there exilsts a conditional distfibution of the Qalueé of Y.
The mean of the conditional distribution of Y is a linear function
of the X, implying that the slopes of a linear sample regression
function do not depend oﬁ the levels of the explanatory variables,

and the variance of the distribution of Y is constant. Given that

¢ 1s distributed normally with variance 02, Y is also distributed

34Jan Kmenta, Elements of Econometrics, (New York: The Macmillan

Company, 1971), p. 203.
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normally with variance 02, as Y is mereiy a linear function of e.

Given a multiple regression model, the objective is generally
to estimate the regréssion parameters in the column vector b. Em-
ploying the multiple linear regression model (4.5) including the
basic assumptions (4.A)—(4.C), least squares estimation will yield
estimators with all the desired properties.,

Hypotheses testing and prediction are often the original mo~
tives for undertaking a statistical in&estigation employing least
squares estimation. Statistics required for these tasks include
an estimator of the variance of the disturbance term and estimates
of the variances of the partial regression coefficients. The un~
biased estimator of the variance of the unknown disturbance term
02 is given by

o” = e’e/n-k (4.6)
where,

e”’e is the residual sum of squares, and

n - k is the necessary degrees of freedom
and the variance of bi is read from the main diagonal of the vari-
ance~covariance matrix of the least squares estiﬁato;s of the re-
gression slopes,

var b, = 50 (4.7)

The covariances of the estimators are given by the off-diagonal terms.
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Violations of the basic assumption (4.A) - (4.6) are. not
uncommon in least squares estimation wheﬁ employing economic data.
Because of the particular nature of economic relationships and the
fact that ecénomic data are collected from the real world {(a non-
controlled environment), violations of the basic assumptions can
be expected and their impact analyzed.

The quality of an estimator is judged relative to its sample
distribution properties. Only small sample properties of estima-
tors will be discussed here. An estimator that is unbiased, efficient,
and best linear unbiased, reflects all the desired small sample
properties of estimators that are important and commonly mentioned i
econometric work.35 These properties are defined in terms of means
and variénces, and cannot be évaluated for estimators whqée means
and variances do not exist. Given that assumptions (4.A) ~ (4-C)

hold, bi’ the least squares estimators are best linear unbiased

estimators (BLUE), and possess all the desired small sample properties.

Statistical Considerations

Multicollinearity

Assumption (4.C) requires that none of the explanatory variables

35Ibid., p. 162,
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be perfectly correlated with any other explanatory variables or
with any linear combination of other explanatory variables.36
Violation of this‘assumption would be an example of perfect
multicollinearity. However, 1if all explanatory variables would

be uncorrelated with each other, absence of multicollinearity would
exisf. The degree of multicollinearity is the relevant issue, not .
1ts presence or absence. Also, since multicollinearity refers to a
condition of the explanatory variables that are assumed to be non-
stochastic, it is a feature of the sample, not the population.37
Multicollinearity, or rather cases of a high degree of multicolline-
arity are not uncommon in supply and demand work in econometrics due
to the nature of economic relationships and data.

Given perfécf multicollinearity, estimation of individual
regression coefficients of a multiple regression model is impos-
sible. The existence of an exact linear relation between the ex-
planator& variables, or between one‘explanatory variable and a
linear combination of other explanatory Qariables defines a situa~

tion whereby one of the columns of the (X'X) matrix is an exact

linear function of one or more columns. In this situation, no

361144, , p. 380.

37Ibid.




71
solution exists since the determinant is zero.

A high degree of multicollinearity implies that the variances
and covariances of the estimated regression coefficients are large.
The large variances of the least squares estimators would yield
estimates of the regression coefficients that are imprecise. Esti-
mated regression coefficients can also be very sensitive to parti-
cular sets of sample data, and as Johnston notes, addition of a few
more observations can sometimes produce dramatic shifts in some of
the coefficients.38 Incorrect exclusion of variables from an econo-
metric analysis, because their estimated qoefficients do not test
out to be signifcantly different from zero, is a fufther consequence
of multicollinearity.

One method of dealing with the situation of high multicolli-
neérity is to draw information from sources outside the sample. In
this way, the values of a given estimate might be inferred without
using a series of data that would lead to a serious multicollinearity
problem. Another way of handling this problem might be to choose
only those explanatory variables of the relevant equation which
are not highly correlated with each other. 1In this case it is

possible that a given explanatory variable deemed relevant by

38J. Johnston, Econometric Methods, 2d ed., (New York: McGraw-~

Hill Book Coy 1972), p. 160.
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economic theory would not be included in the analysis. A trade-
off would exist between a multicollinearity problem and a model
specified with less than the most theoretical desirable explana-
tory variables,

An often-advised remedy to the problem of high muiticollinearé
ity is the use of a new data set or increasing the number of obser-
vations. However, assuming that all of the available information
about the population was employed in the original specification
and estimation, the remedy advises action that should have been done
anyway. Cases might exist whereby costly reformulations of original
.data give rise to explanatory variables that avoid the problem.

The technique of principal components is also a useful method,
particularly where many independent variables exist. Usually the
variation in k independent variables can be expressed in terms of
r (r < k) indépendenF variables. It should be kept in mind in the
original specification of the model that cross-—sectional data are
more likely to be free of multicollinearity problems than .aze time
serles data, as many economlc time series move quite closely to-
gether.
| Given no exclusion of a relevant explanatory variable in the
specification of a multiple regression model, a problem of high
multicollinearity would ngt tend to bias the standard deviation

of the disturbances. Multicollinearity could lead to biased
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regression coefficients if tﬁe large variance of a given regression
coefficient reduced the statistical significance of the corresponding
variable such that it was then excluded from the model. If in fact
that variable.had been correctl& specified, the remaining coefficients
would possess bias.,

Transformations of original data to first differences can some-
times be used when working with time-series data to reduce the multi-
collinearity problem. The cost of this technique is the introduc-~
tion of a degree of autoregression in the disturbances which were
otherwise assumed independent.39 Also, a priori specification of
the model might suggegt against the use the first difference approach.

Finally, Kmenta notes that a high degree of multicollinearity
is simply a feafﬁre of‘tﬁe sample that contribﬁtes to the ﬁnrelia-
bility of the estiﬁatéd coefficients, but is not relevant to the

' 40

conclusions drawn as a result of this unreliability,

. Autocorrelation

Assumpfions (4.A) and (4.B) imply that the stochastic distur-
bance occurring at one point of observation is not correlated with
disturbances occurring at other points of observation. This follows

from the assumption that the effect of the disturbance of one period

39Kmenta, p. 390.

“Orp44., p. 391.
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does not carry over intq'énother pefiod} Interpreting the sto-
chastic disturbance term as a summar& of a large number of random
and independent factdrs that enter into the relationship under
study, violations of the assumption of nonautoregression would
appear more likely with time series data than wifh c?oss sectional
data. Also, shorter time periods would be more likely to exhibit
autoregressive disturbances. than would longer time periods.

Incorrect specification of the true fﬁnctional form of the
economic rélationship under study can lead to violation of the
assumption of serially independent error terms. As Johnston ﬁotes,
specifying a relation as linear between Y and X when the true rela-
tion is quadratic will give rise to a quasi-disturbance term asso-
ciated with the linear relation containing a term in X2J41 This
occurs even though the disturbance term in the true relation may
be non-autocorrelated. If autoregressive elements are present in
this incorrectly specified explanatory variable, the disturbance
term of the linear regression equétion will not satisfy basic assump-
tions (4.A) - (4.C) due to the presence of autoregressive elements.

Autoregressive disturbances can also be attributed to other
incorrect specifications of the maintained hypothesis such as ommis-

sion of relevant economic variables .or inclusion of incorrect

41 Johnston, p. 244.
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variables. If a variéble possessing autoregressive elements is
incorrectly omitted from the structural relationship under study,
autoregressive characteristics can be captures by the disturbance
term. Similarly, inclusion of an incorregtly specified explana-
tory variable can lead to transfer of autoregressive elements to
the disturbance term if the variable in question was autoregressive
in nature.

All desirable small sample properties of.the least squares
estimators are not attained when the disturbances are autoregres-
sive. Given autoregressive disturbanées, the least squares estima-
tors are still umnbiased. vIt can be shown that the least squares
estimators of the regression coefficiénts are not identicial with
the best linear unbiased estimator (BLUE) of the regression coeffic-
ients. The formulas for the BLUE of the bi involve p, a parameter
describing the relationship between successive disturbance terms. In
classical least squares estimation it is assumed that the value of
this parameter is zero. That the least squares estimators are not
efficient is implied in this case also; Kmenta notes that the loss
of efficiency can be explained by the fact that the dependence among

the disturbances reduces thé effective number of independent pieces

of information in the sample.

42Kmenta, p- 275.
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Given autoregressive disturbances, the least squares estiﬁators
of the regression coefficients are unbiased but they are not efficient.
In order to test hypotheses concerning the estimates parameters or
construct confidence intervals around them, these estimated variances
of these estimators are also required to be unbiased. However, the
variénces of gi are not unbiased, and confidence intervals or
calculated acceptance regions will be either narrower or wider than
the true ones dpending on the direction of the bias. For ekample,
when p > 0-and € is positively correlated over time, the bias is
negative as is fairly common with economic time series., Given this,

- the caluclated acceptance regions or confidence intervals will often
be narrower than the& should be for the specified level of signifance
or confidence. Given p < 0, the opposite situations would obtain.

Alternative estimators for the regression coefficients exist
when the nonautoregression assumption is not satisfied. These
43

estimation procedures include the first-difference method, the

. . 44 . ,
Cochrane-Orcutt iterative method, 4 Aitkens generalized least

43Kmenta, P- 289,

44Henri Theil, Principles of Econometrics, (New York: Johnm Wileg
and Sons, Inc., 1971), p. 256.
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squares, and maximum likelihood techniques. ' These procedures
were not employed for this thesis, and will not be discussed here.

Measurement Errors

Given the.nature of economic statistics, the assumpfion that
values of the variables in ghe regression model are measured Wityout
error éhould not be left unchallenged. Errors in samfling, round-
off errors, estimated data,.énd statistics representing concepts
different from those postulated in the theoretical relationships
could all lead to efrors in measurement.

In discussing this problem, the assumption is usually made
that the errors in measurement are randomly diétributed and hav.e
specific probability characteristics. If this assumption is known
not to hold, it is likely that sufficient information is available
to ameliorate the situation. Employing a two variable regression
equation,

Yi'= a + BXi + €4 ’ ' (4.8)
assuming errors in the observations on X,

X% o= X+ oWy ' _ (4.9)

where,

Xi* is the observed value of the independent variable,

“Ibid., p. 253.

46Kmenta, p. 282,
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Xi is the true value .of the independent variable, and
] wi is the measurement error.
It is assumed that the error term w, is serially independent

i

with constant variance and also independent of the true value of

Xi' The relevant relationship would be,
= * - p
Yi B(Xi Wi) + €4 (4.10)
= % -
or Yi BXi + (ei Bwi) (4.11)

In estimating the regression coefficients from the observed data

on Yi and Xi*, the explanatory variable Xi

ously correlated with the disturbance term in (4.11) and the least

* would be contemporane-

squares estimators of B would be bilased and inconsistent.

Given measurement error problems iq the independent variables,
one of three alternative approaches can be employed. The classical
approach can be used with fairly strong assumptions abou£ the pro- »
bability distribution of the error term. This allows estimation
by maximum likelihood techniques. The other two approaches include
using methods which group observations (requiring less stringent
assumptions about the error terms) and using instrumental variables.
Freduently in econometrié work, the problem is set aside by assuming
that the errors of measurement are relatively so sﬁal; that they can

be safely neglected.
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Related Research

Studies in the past have investigated the effects of wvarious
wheat and feed grain policy variables on acres of crops planted,
employing data aggregated either over the entire U.S. or over multi-
state tegions of the U.S. Studies involving individual state inves-
tigations of.the effects of wheat and feed grain policy variables
have not been undertaken.

A major contribution to the acreage relationships quantified
in this paper was thained from Houck and Subotnik in their study
on soybean supply.47 An especiaily useful tool developed in that
study was a theoretical model of the "effective suppor£ price."

They froceeded to develop a d;stributed lag estimation model which
incorporated actual market prices and "effective support prices”

in a soybean acreage supply function. In arriving at an estimated
regional model, several model specifications were tested per regiom,
and in each case the "effective support prices" yielded markedly

better results than did model specifications without the adjustment

of support rates. "Effectivg support prices for other crops

47James P. Houck and Abraham Subotnik, '"The U.S. Supply of Soybeans:
Regional Acreage Functions,'" Agricultural Economics Regearch 21
(October 1969): 99-108.
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competing for productive resources were also included in their final
equations..

A primary objective in a study by Houck and Ryan, Supply Analy-
sis for Corn in the U.S.,48 was to develop and test a generai theo—
retical model for evaluating farm commodity program effectiveness.
The concept of effective price'support was employed in their study,
and the existing body of knowiedge was augmented by their develop-
ment of the concept of "weighted divergion payment rates' (DP).

The validity of using DP as a supply inducing price for land
diversion was established by estimating corn acres diverted as a
function of DP. The significance of this relationship was extremely
high and 90 peréent of the variation of corn acreage diverted was
accounted for by changes in DP. Employing aggregate U.S. data,
it was found that a 10 percent increase in DP was associated with
an increased diversion of 8.2 million 'acres.

It was also found in the Houck-Ryan study that the variations
in the weighted or effective support priceAvariable (PF) were found '
to explain variations of corn acreages better than the lagged market
price. High intercorrelation between the weighted support price

variable and the lagged market price reduced the significance of

48Mary E. Ryan and James P. Houck, "Supply Analysis for Corn" pp.

184-191.
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both,-consequenfly onl& the weighted support price variable was
retained in their sﬁpply equation.

Effects of recent wheat program policy wvariables on aggre-
gate U.S. planted wheat acreages have been investigated by Garst
and M:Lller.49 Identification of the major policy variables was
a primary objective of their study and in the 1961-1974 time period,
five policy variables were found significant. With the inclusion
of a lagged market price of wheat, greater than 98 perceht of the
'variation of national pianted wheat acreages was accounted for.
In this study wheat allotment, additional diversion, and wheat set-
aside variables were all expressed as acreage variables, giving rise
to-the criticism that the variable representing additional diversion
was not linearly independent of other explanatory varidables. 1In
thelr final eauation, Garst and Miller stated planted wheat acreage
as a function of wheat program policy variables and the 1agggd market
price of wheat. However, relevant market prices or éovernment pro-
gram policy variables of crops competing with wheat for productive
resources were not inciuded in the set of explanatory variables.

The effects of government program policy variables as examined

by Miller and Hargrove were utilized in a somewhat different

49Gail D. Garst and Thomas A. Miller, "Impact of the Set-Aside

Program on the U.S. Wheat Acreages,' Agricultural Economics
Research 27 (April 1975): 30-37.
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manner.50 An objective of their study was to analyze the response
of acreage diversion measures to changing specific provisions of the
feed grain program. Dataiwas aggregated and relationships were
analyzed on a state-~by-state basis. The time period studied was
1961—1969. The dependent variable used in their analyses was "total
acres of cropland diverted under the program including both required
diversion and optional diversion." A feature of the specification
of diversidn payment information in this study is the method of
stating the payment rate for each possible level of diversion as
a different explanatory variable. Given a payment rate for 20 per-
cent diversion, 40 percent diversion, and diversion in excess of
40 percent of eligible cropland, Miller.aﬁﬂ Hargrove expressed these
different payment rates as three separate explanatory variables.
Two other variables reﬁresenting "the maximum percentage of the
base eligible for diversion under the program in a given year" and
"the absolute maximum diversion allowed, expressed in-acres" were

also specified. Although the Miller-Hargrove study was measuring

.an entirely different dependent variable than is being considered

in this thesis, familiarity with different government programs leads

one to suspect that the number of different discrete diversion levels

50U.S., Department of Agriculture, Factors Affecting Acreage Diverted

Under the U.S. Feed Grain Program, by Thomas A. Miller and Stanley
H, Hargrove, Economic Research Service 453 (Washington D.C.: Govern-
ment Printing Office, 1970), 1-37.
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in the time period 1961-1974 would give rise to an abundance of
explanatory variables. The cost of this method, however, is in
terms of lost degrees of freedom since the number ‘of observations
is usually quite limited. -The Miller-Hargrove model does include
the relevant market prices of indigenous crops, thereby including
opportunity cost information in the model.

A common objective of the above-mentioned farm commodity pro—
gram research was the development of an efficient method of speci-
fying explanatory variables in the regression framework. Ordinary
least squares regression analysis was employed in each of the above
studies. The usual situation in examining farm commodity programs
offers few observations and many potential variables to be speci-
fied from the existiﬁg data base. Familiarity with past farm com-
modity legislation leads to the conclusion that proper specifica-
tions of variables to be analyzed is a primary ﬁroblem in an in-
quiry of this nature.

J. B. Penn51 and Robert G. Hoffman52 have also made substan-

tial contributions to this area of research, and empirical results

51J. B. Penn, "Econometric Policy Models of Commodity Supply Responseh

(Ph.D. dissertation, Purdue University, 1973) p. 26-46.
52U.S., Department of Agriculture, Wheat-Regional Supply Analysis, by
Robert G. Hoffman, Economic Research Service 534 (Washington, D.C.:
Government Printing Office, 1973), 15-24.




from their regiomnal studies will be compared to results from this

study at a later point.
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Chapter 5

EMPIRICAL RESULTS

Firm supply functions were discussed earlier to provide a basis
for understanding aggregate supply functions. The response of the
state of Montana's wheat and feed grain industry to supply shifters
is the primary concern of this thesis. The theory of the firm's pro-
duqtion and éupply functions and the behavioral nature of the firms
comprising the industries-relevant to this study is predicated on the
assumption of profit maximizing behavior.

Nerlove notes that "the most striking characteristic of the output
of a crop is that the farmer has so little control over it. It is the
large discrepancy betwee; planned and realized output in any production
period that led previous writers to approximate planned output, to
which the supply function actually refers,'by acreage (planted or
harvested)." Variations in measuring the response to farm commodity
programs is reduced if the units of'measure are stated in terms of
acreage planted instead of total bushels produced. Weather, pests,
and seasonal peculiarities, which account for much of the discrepancy
‘between planned and realized output, enter supply response analyses
53

only to the extent that acreage planted is effected.

Most past farm commodity programs have focused attention on

53Marc Nerlove, The Dynamics of Supply, (Baltimore: The Johns Hopkins

Press, 1958), p. 66.
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input control, specifically acreage planted control, while being
ultiﬁately concerned with prodﬁct suﬁply control. Programs are imple-—
mented in. terms of acreage and compliance is evaluated in acreage
terms. Most of the relevant issues of farm commodity-legiSlatioq.are
stated in terms of acreage. Hence, acreage supply is deemed more
relevant than is product supply in questions concerning fhe effects
of government fa;m commodity programs.

"If acreage actually represents a good approximation to planned
output, then the conditioﬁs of production which farmers face can be
adequately summarized by a series of 'normal' or expected yields."54
Evidence that farmers change their notion of "normal” yields»is thought
to have been detected in the substantial decline in corn aéreage in tﬂe
Southern Grea£ Plains States in the 1930's. '"Acreage of a particular
crop might then be expressed as a function of, say, tlie expected acre~,
values of several alternative crops, where normal acre;yalue is expect-
ed yield times expected "normal' price."55 Assuming constant expected
yield, the above functional relationship is equivalent to expressing
acreage as a function of Va;ious prices. The assumption of contant
expected yeild is maintained in this study.

In some cases adjustment of the price series by deflation would be

>%Ibid, p. 85.

55Ibid.
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entered in an‘analysis such as this to remove the effects of the
deflator as a supply shifter. Based on past empirical results, initial
analyses of this study, and relative constancy of potential adjustment
factors such as fertilizer price series and other prices-paid series,
variables representing market prices énd program prices are not |
deflated. Implicit in this approach is the assumption that farmers are
looking at raw price data rather than price ratios.

Knowledge of the agricultural grains sector, past research, and
the neoclassical theory of the firm provided the basis for specificatiﬁn
of the Montana wheat and barley equations. The variables specified are
those assumed relevant to the individual farm firm. The policy vari-
ables included.in the set of explanatory variables do not appear in
traditional supply relations, but are included since they are baraﬁeters
faced by the firm in its decision framework. It is felt that aggre-
gation from the firm to the state level may provide justifigation for
inclusion or exclusion of certain variables. Indeed, many possible
parameters faced by the individual firms have not been includgd in the
modei specification in this thesis. Financial limitations of individ-
ual farms are examples of parameters faced by the individual farm firm
that are ﬁot included in~the aggregate model.

Using wheat and barley policy variables and other independent
variables, the final maintained hypotheses and estimated coefficients

of wheat and Barley acreage supply functions for Montana are specified
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in table 5.1.56

Wheat

Equation (5.1) was specified consistent with economic .theory and
a priori reasoning based upon knowledgé of the farm commodity program
policies. All signs of the estimated coeffiéients conformed with
priof expectgtions. The statistical results and the graphic represen-—
tation (figure 5.1) indicate that the selected variables and the mannér
in which policy variables were constructed provide good estimates of
Montana wheat acreage supply for the time period studied.‘ The estim-
ated coefficients are reasonably large relative to their calculated
standard errors and the overall fit of the equation, indicated by R2,
is good. The standard error of the estimate was relatively small,
influencing the selection of (5.1) over alternative'specifications.

Wheat and barley production compete for a major proportion of
tillable croplapd in Montana. Neither land characteristics nor the
make-up of farmers heavy equipment lines appear to limit the substi-
tutability between these two production processes. The coefficient
of ABt in equation (5.1) which is a measure of the cross effects,
indicates that a one acre increase in barley planting is associated

with a 0.6 acre decrease in wheat planting, all other variables

6Estimated alternative specifications of equations (5.1) and (5.2
can be found in the Appendix.




Table 5.1 Estimates of Equations for Montana Wheat and Sarley Acreage Supplyv.
pezdent Variables

Dependent = AB wo© ﬁDb ws* pH P n MCB As” b o

Variable Constant 2 t t t t t t-1 Te-1 3 t t o D.W.
3. AW 2903 -0.6098 -470.8 —308.3a 1543.9 | 440.3 -428.9 79.57 95 2.07

5 (9.09) (4.14) (1.2 (2.2% (9.02) | (3.78) (4.86)
5.2 AB{ 6592 -0.7054 -0.4561 -220.8 1527.7 -323.5 -0.3603| -0.4233] 39.21 38 2.99
(9.58) (9.36) (4.98) (3.83) (7.68) | (6.16) (5.69 (6.34

Source

n

Statistical Summary:

Note: Standard error of the coefficient

C.S.D.A., A.S.C.S., and Montama Agricultural Statistics.

in parentheses.

#Coefficient rot significant at the 95 percent probability level.

b < “ >
“Standard error of the estimate.

“Adjusted coefficient of multiple determination.

dDurbin—Ka:san Statistic.

: Data on all variables of table 5.1 was collected from Montana Annual Report Series; U.S.D.A., A.S.C.S., Feed Grain and Wheat Programs

68
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Table 5.2 Variable definitions for Montana wheat and barley acreage
supply.

Awt = Montana acreage of wheat planted in time period t, in thousands

ABt = Montana acreage of barley planted in time period t, in thousands

AD: = Barley acreage diverted from the production of barley in time
period t, in thousands

AD: = Wheat acreage diverted from the production of wheat in time
period t, in thousands

wn: = Weighted diversion payment rate ($/bu.) for wheat diversion in
time period t, weighted by eligible diversion acreage

wnf = Weighted diversion payment rate ($/bu.) for barley diversion in
time period t, weighted by eligible diversion acreage

ws: = Weighted price support rate ($/bu.) for wheat in time period t,
we ighted by the proportion of production for which time supports
are applicable

WB? = Weighted price support rate ($/bu.) for barley in time period

= t, weighted by the proportion of production for which price

supports are applicable

P:—l = Market price of all wheat ($/bu.) in Montana, lagged one period

P?—l = Market price of all barley ($/bu.) in Montana, lagged one period

AS = Net acreage of land substituted from barley, corn, oats, and rye
production into the production of wheat in time period t

I)3 = Dummy variable to account for a change beginning in 1966 when
support payments were shifted from inclusion in WSE to
inclusion in WDE.5

MCBt = Montana conserving base acreage

57

Price support payments were offered to farmers who took part in the
1965 and 1966 feed grain programs. These payments were made for the
normal production of a farm's feed grain acreage in 1965; however,
they were limited to the acreage planted up to 50 percent of the feed
grain base. The per-acre price support payment rate was increased by
50 percent in 1966. These changes permitted wider range of use for
that part of the permitted acreage on which no price support payments
were made.




Table 5.3

The Direct Elasticity
Independent Variables of equations (5.1) and (5.2).

%

* Estimates

of Wheat and Barley Acreage Supplv with Respect to the

Independent Variables
Dependent & b W W b v
Variables Akt ABt ADt WDt WDt WSt Pt-l Pt—l D3 MCBt ASt
Awt . 240 -.012 -.008 .487 .154 -.062
ABt -1.791 -.189 -.014 . 754 -. 1391 =1.528 .048

*Percentage change in the dependent variable given a one percent change in the independent variable.
are measured at their respective mean values.

Variables

6
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constant. From a percentage standpoint, a one percent change in barley
planting would be associated wi?h less than one quarter of one peréent
change in wheat planting, all other variables constant. The coeffi-
cient of ABt is statistically significant at the 99 percen£ level.

Diversion of wheat acreage was hypothesized to be an economic
~activity.competitive with wheat production: Specification of a
weighted wheat diversion ﬁayment, Wb:,.was intended to capture this
effect. However, the estimated coefficient was not sigﬁificantly
different from zero at the 95 percent probability level. The sign
oﬁ WD¥

wheat acreage supply functions indicate that WD: can be expected to

conforms to prior expectations and alternative estimatiomns of

influence the mean value of wheat acreage planted (AWt). Reestimation
of this equation after the deletion of WD: yvields unsgtisfactory
results, since alternétive linear combinations of variables were by
far inferior. 1Inclusion of WD: does not appreciably alter the magni-
tudes of the estimated coefficients of the other independent variables,
and was retained based on theoretical grounds.

The coefficient of the variable representing the weighted diver-=
sion payment rate for barley, WDE, is statisically s;gnificant at the
90 percent probability level. Diversion of barley acreas was origin-
ally hypothesized to be an economic activity‘competing for land
: resources with wheat production. The sign of WDi conforms to fheo—

‘

retical expectations. The estimated coefficient indicates that an
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increase in the barley diversion payment rate by one cent per bushel,
all other factors held constant, results in decreased wheat acreage
planted by approximately three thousand acres’in the state of Montana.
The estimated elasticity of wheat acreage supply with respect to the
weighted di&ersion payment rate for barley diversion is -0.008. " This
indicates that a one percent increase in the weighted diversion payment
rate for barley diversion would be associated with a nearly impercep-
tible decrease in ﬁheét planting. The estimated elasticity of wheat
acreage supply with respect to the weighted diversion payment rate for
wheat acreage diversion is 50 percent larger than the above mentioned
elasticity estimate, however, it also is very small. Diversion pay-
ment rates for both wheat and barley acreage diversion appear to
influence the level of wheat planting very little.

Two variables representative of own price of wheat, WS¥ and P¥-1’
play highly significant and relatively large roles in explaining wheat
acreage adjustments. Consistent with prior exﬁeétation, thé Wéighted
price support rate for wheat was estimated as having a much larger
marginal impact on acrés of wheat planted than own market price lagged
one period. The estimated coefficient of ws:.indicapes that a one
cent increase in the weighted price support.rate for wheat is associ-
ated with an increase of approximately 15,500 acres of wheat planted,

holding constant all other factors. The estimated coefficient of

WSZ is significant at the 0.01 level. The elasticity of acreage
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supply with respect to weighted support price, computed at the mean
values of the variables, is 0.487. This implies that a 10 percent
increase in ngghtea support price increases wheat acres by nearly 5
percent. It was eipected that the estimate of elasticity of wheat
acreage supply with respect tolweighted support price would be greater
than estimates of elasticity of supply of wheat with respect to the
free market p?ice. Tweeten estimated short-run price elasticity of
supply for wheat at 0.3.58 Cochrane reports the price elasticity of
supply for wheat within the rangé of 0.1 to 0.2.59

As origipally hypothesized, lagged market price of wheat, in
addition to the weighted support price of wheat is positively related

to the acreage planted to wheat. The estimated coefficient of P:_l

indicates that a one cent positive difference ;f lagged market price
of wheat would lead to a 4,400 acre increase of wheat planted in the
state of Montana, all other variables held constant. The estimated
elasticity of wheat acreage supply with respect to market price of

wheat lagged one period, computed at the data means, is 0.155. Thus

a 10 percent increase in the lagged market price of wheat increases

wheat acreage planted in Montana by 1.5 percent.

58Tweeten, p. 243

59Willard W. Cochrane, "Conceptualizing the Supply Relation in Agri-

culture', Journal of Farm Economics 37 (1955): p. 1164.
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Dummy variable D3 plays a significant role in determining the
mean value'of AWt. Apparently the method of incorporating price
support payments into either WS? or WD: for the time period 1961
through 1973 greétly affected the value of the dependent variable AWt.
For the period 1966 through 1973, price support payments were included
in the calculation of WD?. It was originally decided to include D3
as an e#planatory variable whenever WS& or_WDz was used on the
right-hand-side of (5.1).

The historical predigtive ability of equation .(5.1) is given in
figure 5.1 where a comparison of actuai and estimated values of whegt
acres planted are given. For the sample period 1961-1973, not only
was the average percentage prediction error small (1.192 percent), but
ali turning points were correctly estimated.

In making statements about past events, the quality of estimates
of past events should be considered. Previous researchers have
employed Theil's inequality coefficient (U) for evaluating the quality

60 J. B. Penn converted Theil's inequality

of a set of forecasts.
coefficient for use in evaluating forecasts in actual values of

variables as follows:

60Henri Theil, Applied Econometric Forecasting, (Chicago: Rand McNally
and Company, 1966).

61J. B. Penn, "Econometric Policy Models of Commodity Supply Response"
(Ph.D. dissertation, Purdue University, 1973), p. 65.
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= Z(A* P )2
s i~

2

T(A, - A,
(ay -1

where, A.j = Actual value of relevant variable in time period t,

A, = Actual value of relevant variable in time period t-1,

j-1
* : .
Aj = Actual change in value of the relevant variable from

one period to the next,

o]
Il

Predicted value of the relevant variable in time

period t.

U may take values from zero td infinity. When U equals zero for a
_given set of forecasts, this indicates that the model forecasts
perfectly, and when U equals unity, the prediction procedure yields
the same root mean square (RMS) prediction error as naive no-change
extrapolation. The possibility of an infinitely large inequality .
coefficient implies that it ié possible to do consiaerably worse than
‘by éxtrapolating on a no-change basis. An_ inequality coefficient of
0.65 calculated from an actual and estimated data series indiéates
that the RMS prediction error is equal to 65 percent of thé RMS

error that would have been observed if the forecaster had confined
himself to no-change extrapolation.62 The Theil inequality coefficient

corresponding to equation (5.1) is 0.0984,

62Thiel, p- 28.
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Barley

The specification of equation (5.2) was based on economic theory
.and an understandiﬁg of the farm commodity program policies., All
signs of the estimated coefficients conformed with a priori exéecta—
tions. The”graph of actual and éstimated acreages of barley plantéd.
for the period 1961-1973, figure 5.2, and the statistical results
indicate that the selected linear combination of variables of equation
(5.2) provide good estimates of Montana barley écreage supply for the
time period studied. The estimated coefficients are large enough -
relative to their calculated standard errors to provide reasonable
~ levels of confidence in their estimation. As a measure of fit, R2 ié
good and the standard error of the estimate is small relative’to the
magnitude of the dependent variable, ABt'
The magnitude of the estimated coefficient specific to wheat
acreage (AW£) in equation (5.2) supports the original hypothesis of
.a strongly competitive felationship between wheat and barley producfion
in the state of Montana. The estimated -coefficient indicates that for
each additional acre of wheat planted in the state of Montana, 0.7
acre of bafley is foregone, holding all other'variables‘constant;
Note that the cross effects between wheat .and barley are not symmetric.
It can be seen from equations (5.1) and (5.2) that the marginal impact

of wheat acreage planted on barley acres planted is greater than the
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marginal impact of barley acreage planted on wheat acres plaﬁted.
In percentage terms, the elasticity of supply of barley acres with
respect to wheat acres is -1,791. |

Wheat acreage diverted from production, ADZ, was hypothesized
to be an economic activity competing for tillable land with barley
production. The sign and magnitude of‘the estimated coefficient of
AD? support this hypothesis and indicate a significant relationship.
The estimated coefficient is statistically significan£ at the 99 per-—
cent probability level. Holding all other variablgs constant in
equation (5.2), the estimated coefficient of AD: indicates that an
additional acre of land diverted from wheat production is associated
with a 0.46 acre reduction of barley planting. Alternatively stated,
a one percent increase of diversion from wheat production would be
assoeiated with a -0.189 percent decrease of barley planting.

The diversion payment rate for divgrting acreage from the
production of barley, represented by WD?, was hypothesized to be a
measure of opportunity cost of producing barley in equation (5.2).
The negative estimated coefficient of WDE in (5.2) supports this
Hypothesis. This estimation indicates that for an additional one
‘cent per bﬁéhgl increment received by farmers‘for diverting acreage
from the production of Barley, barley ;creage wouid be reduced by
approximately 2,200 acres. . The one cent per bushel iﬁcrement men-

tioned above would be applicable to normal production. The elasticity
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of barley acreage supply with respect to the weighted barley divefSLLn
payment, calculated at the data means, is -0.014%.

A variable representing the weighted support’price of barley was
not successfully included as an explanatory variable in the barley
acreage supply function. When inciuded in a set of regressors of
the barley acreage supply function, the calculated standard error of
the coefficient was very large relative to the size of the estimated
coefficient and the standard error of the equation increased sub-
stantially.

The market price of barley lagged one period, Ps_l, was the only
variable representative of a grain market price that entered equation
(5.2) at any reasonable level of signficance. Conforming with prior
expectations, Pz_l was a very important variable in déterming the
mean value of barley acreage planted, displaying a strong positive
relationship. The estimated coefficient of Pz_ indicates that a

1

one cent positive difference of Pz—l would be associated with a
positive change of approximately 15,277 acres of barley élanted,
holding constant all other variables. The estimated coefficient is
significént at the 99 percent probability level. The estimated
elasticity of barley acreage supply with respect to the lagged market .
price of barley is 0.75. Hence a 10 percént increase in lagged

market price leads to a 7.5 percent increase in barley acreage

planted.
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Conserving base acreage’is defined.as the average acreage that a
farm devoted to summer fallow, conserving crops, and idleé acres in
the period 1959—1960.9 Maintenance of conserving base acreage was a
basic requirement for taking part in wheat or feed grain programs for
the period of 1961-1973. Total comserving base acreage for Montana
remained.at a constant level from 1961 to 1965 ana decreased stéadily
from 1966 to 1973. Maintenance of conserving base acreage was hypo-
thesized to be a constraint on both wheat and barley production. The
estimated coefficient of MCBt indicates that for each‘gcre of land
released from the conserviné base in Montana, hélding all other
variables constant, barley acres planted would increase by 0.36 acre.

Dummy variable D3 displays a negative relationship with barley
acreage planted. Recall that a negative relétionship also existed

between D, and wheat acreage planted. The consistency of this situ-

3
ation caﬁ be seen since D3 signifies a gain in value of the weighted
diversion_payment rate vé?iable and é reduction in value of the
weighted price support variable. That a structural change in the
.commodity program:policies occurred between 1965 and 1966 is supported
by the magnitude and statistical significance of D3.

The’net acreage of land substituted from the production of other
crops into the production of wheat, Asz, influences barley acreage

planted substantially. The major proportion of this substitution was

from acreage designated for barley production to wheat production,
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and ihe hypothesized negative relationship between ASZ and ABt was.
statistically verified. Holding all other variables constant in
(5.2), for each additional acre substituted from ;he production of
other crops to the production of wheat, barley acreage‘was decreased
by 0.42 acre.

Estimated barley acreage planted and actual barley acreage planted
for the time period 1961-1973 are given in figure 5.2. 1In this
estimation, all turning points were cotrrectly estimated and fhe
average percentage prediction error was 1.28 percent.

The Theil inequality coefficient corresponding to equation (5.2)
and figure 5.2 is 0.0870. This means that the root mean square error
calculated from actual and estimated data points on figure 5.2 is
equal to approximately nine percent of the root mean square error
that would have been expected from a naive no-change extrapolation

of the actual annual data for that peribd.
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Chapter 6

SUMMARY AND CONCLUSIONS

The objectives of this study were: to identify and statisti-
cally estimate the parameters specific to govermment farm commodity
programs which determined the number of acres Montana farmers com-

mitted to wheat and barley production during the peridd 1961-1973,

" to estimate the elasticities of wheat and barley acreage supply

‘with respect to market prices and government program policy variables, .

and to estimate the marginal rates of substitution in production be-
tween wheat and barley in Montana over the time period studied.

A brief review of past farm commodity legislation was under-
taken to gain an understanding of the goals of this legislation and
the toois employed to achieve these goals. The American farm pro-
blem is comprised of a very inelastic demand for farm products, con-
tinued overproduction of these produc%s, and relatively'too many
farmers sharing the net returns from agricultural production.

The inability to recognize the’farm problem led to legisla-
tion aimed at correcting certain symptoms. This approach in turn
has given rise to other symptoms. Supportiﬁg depressed market-
prices of farm commodities above equilibrium levels has inevitably
led to surpluses of these commodities coupled with high étorage

costs. Efforts to raise farm income have similarly led to surpluses
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of farm commodities in addition to increasing the capability of
farmers to invest in productive inputs, compounding the problem
in the immediate future. The implementation of soil coﬁservation
programs to conserve soil fesources or the use of soil comservation
programs as vghicles for transferring income to farmers has led
to increased productivity of American farﬁé, thereby'augmenting
the capacity of American farmers to overproduce;

Two kinds of agricultural commoﬁity'productibn controls
authorized under the Agricultural Adjustment Act of 1938, coupled
‘with a price support system, have been used in attacking the
American farm problem. Compulsory marketing quotas, expressed in
terms of normal &ields per acre, were in éfféct from 1954 through
1963 in the U.S. wheat sector. Marketing quotas were coﬁpulsory i
in that producers who did not comply were obliged.to pay a penaltyl
on each bushel of wheat produced on non-allotment acres. Markeiing
quotas had to-be approved in a producer referendum for each year
in which they were proélaimed. The other type of production con-
trol aufhorized under the Agricultural Adjustment Act of 1938 was
voluntary acreage controls. Compliance with voluntary controls
has typically provided eligibility for price support loans and
other benefits such as diversion payments and set-aside payments.

From 1964 through 1973 controls on wheat production were voluntary.
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Production controls on feed grains from 1961 through 1973 were
also voluntary.

Price supports have been an integral part of férm commodity”
legislation since 1933. The primary objective of support prices
has been to increase real farm income. Although supply theory
relates that relatively higher prices of a commodity will increase
its supply, a supply-adjusting role for support prices has not been
exploited. In fact, during periods of depressed market prices and
surpluses of farm commodities, policymakers would 1like to ignore
the effects of increased support prices on supply.

Using traditional economic production and supply theory, an
econometric model was specified and employed in Montana wheat and
barley acreage supply analyses. The general economic model stated
acreage planted of a given Montana crop as a function of: (1)
relevant open-market forces assumed to affect planting decisions
in the State of Montana; (2) relevant government farm program
policies; and, (3) variables incorporating unspecified eéonomic
and noneconomic factors and random effects. The net effect of the
unspecified economic and noneconomic factors and random effects is
assumed to be a mean-zero random variable with constant énd finite
varianée over the sample period. The assumed existeace of this
random variable permits the use of ordinary least squéres to esti-

mate the marginal:.effects of the identifiable predetermined
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variables in the econometric model.

The reliability of acreage estimations_(s.l) and (5.2) is en-
hanced by the small gepgr;phical area considered in this stﬁdy and
by the introduction of prices and acreages of competitive crops
wﬁen estimatiﬁg the acres planted of a given Montana‘crop. Long-
run shifts in acreage of various crops from one geographical area
to another‘can change the importance of different products in re-
lation to a particular-crOp, Given limited ability to include
prices of other‘crops in the specified set‘of regressors, these
1ong—rﬁn shifts in acreage cén change the behavioral relatioﬁships
between the dependent and the independent variables. By the same
token,.these shifts could éhange the Weights of various brices in

an index of "

other" prices, employed as an explanatory variable.

A significant finding of this study is the degree of responsive—
ness of Montana wheat and barley producers to different pélicy
variables. The calculated elasticities of wheat and barley acreage
supply with respect to the weighted diversion payment rates indicate
that a very large increase in weighted diversion payment rates for
wheat and barley acreage diversion would be associated Qith small
negative change of either wheat or barley acreage planted. This

result is consistent ﬁith past studies. Point estimates of elasti-

city of wheat acreage supply with respect to wheat diversion payment
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measures were not found. Hoffman estimated the elasticity of wheat
acreage supply witn respect to the effective support rate for wheat
at 0.39 in the Northern Plains, and indicated that the impact of the
effective voluntary dinersion payment rate was much less than the
impact of the effective snpport rate. Elasticity of barley acreage
supply with respect to a weighted barley diversion payment rate,
calculated from Abel-Ryan study, is 0.155.63

One possible explanation of the unresponsiveness of Montana
agricultural production to diversion payment measures is tnat land
is a relatively abundant resource in Montana and 1s used extensively.
Glven a relatively higher diversion payment rate for -elther wheat
or barley acreage diversion, othér inputs could be employed more
intensively to achieve certain production levels. Resource alloca-
tion practiced by Montana farmers, substituting land resources fof
other productive inputs such as fertilizer, labor, and irrigation
equipment, could contribufe to the interpretation of this result.
| Montana agricultnre is characterized by relatively few pro-

duction alternatives of tillable land. Given an abundant supply

63See U.S., Department of Agriculture, Wheat-Regional Supply Analysis,

by Robert G. Hoffman, Economic Research Service 534 (Washington,

D.C.: Government Printing Office, 1973), pp. 15-24; and Mary E.

Ryan and Martin E, Abel, '"Oats and Barley Acreage Response to

Government Programs," Agricultural Economics Research 25 (October
. 1973): pp. 105-114, ‘ ' :
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of agricultural land, this would imply a relativel&»low opportunity
cost of wheat and barley production. Relatively low opportunity
costs of any productivé,inpuf might lead to greater utilization
rates. | |
.Another possible explanation of the general unresponsivenéSS’

of whéat and barley acreages to weighted wﬁeat and barley diversion
payment rates is.that the respective d;version payment ratéé are so
small compared to returqs from crép production that only fewsmargi-

nal acres are attracted to acreage diversion.

Possible goals of the relevant farm commodity 1egislation shéuld'_

also be considered here. Thé extent to which diversion or set—asidé
payments are actually intended to reducé crop acres is not knowﬁ§
however, the extent to which diversion or set-aside payments'ére
actually intended to increase farm incqme cannot be ignored.

The Wéiéhted support price of wheat was greéter thaa the lagged
‘ma?ket pricé of wheat for only éix of the thirteen observations
used in this study. Neverﬁheless, fhe elasticity of wheat acreage‘
supply with respect to the weightea éupport price was more'than
three times greater than the elasticity of wheat acreage suﬁply
with respect to lagged market price of wheat.. The results of this
study strongly suggest that;ﬁhe price wﬁich fafmers take iﬁto_
accognt when planniﬁg thelir acreagé is reflective of some aﬁnounced

support rate; the price per bushel and the proportion of farmers'
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prodgction eligible for the announced support rate are both taken
into account in the farmers' decision making process. The higher
the degree of certainty that farmers can place on government pricé
supports as compared to some market price would lead oné to expect
the profit maximizing farmer to hegd government price supports more
than open-market prices. ' |

Equation (5.2) indicated that Montana farmers paid little.
notice to price support rates for barley for the tiﬁe.period 1961~
1573. Iﬁis was anticipated since the free markef price of barley
(lagged- one period) was greater than the weighted support price
of barley for ten of the thirteen.obsetvations of this study. Con-
sequently, the lagged market price of barley was the most important
market price influencing farmers' barley blanting decisions over the_
time span of this étudy.

Avoiding producfion control features of government programs
while managing to gather benefits of these . programs would most often
be determined as pfofit maximizing behavior. Slippage, the tendency
of a given acreage or budget o;tlay to remove less outpuf over time,
would include this practice. Slippage would provide an explanation
of tﬁe coefficient specific to net acreage of land substituted from
the ﬁfoauction of other crops into the production of wheat, Asz, in
equation (5.2)., First it should be noted that near}y all the crop -

acres given up were barley acres. One would expect acreage substi-
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tuted from the production of barley to the production of wheat to
be nearly directly related to dec;eased production of barley. The
coefficient of ASX indicated’that for each acre substituted from
the production of barley to the pfoduction of wheat, barley-acreage
planted is decreased by less than one-half acre. Oné might suspect
that moré substitution apfears to be taking place for commodity pro- -
gram purposes than is actually taking place.

Price elasticities of acreage supply calculated in this study
are-higher than those found by earlier investigators. Kohls and
Paarlberg estimated an elasticity of acreage'with respect to a one
year lagged wheat price deflated by an'index of all prices received
" by farmers (1910-14=100) of about 0.2 for wheat. Incluéion of a
variable representing weighted support price of wheat in estimatiné
wheat acreage planted in Montana is thought to have greatly:reduced
the elasticity of acreage with respect to lagged price of wheat.
That the estimated elasticity of wheat acreage with'respect to
weighted support price of wheat is considerably greater than the
estimaﬁe found by Kohls and Paarlberg,64 is thought to be due to

the relevant regional effect of the variable particular to the

64R.L. Kohls and Don Paarlberg, "Short-Time Response of Agricultural

Production to Price and Other Factors," Purdue University Agricul-
tural Experiment Station Bulletin 555 (1950), cited by Marc Nerlove,
The Dynamics of Supply, p. 21.
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State of Montana.

Finally, it can be seen from both the estimated regression
coefficient of Montana conserving base acreage, MCBt, and the eéti—
mated elasticitf of.barley acreage with resﬁect to MCBt, that any
given reduction in the Montana conserving base would be associated
With a proportionally larger increase in barley plaptinés relative
to the corresponding decrease in conserving base.

Results from acreage studies such as this must be viewed cau~

tiously if inferences are to be made concerning commodity supply.

Two main factors must be noted in attempting such an inference. First,

land is not a homogeneous factor of production. Both soil character-
istics of individual parcels of land and the location of any pro-
ducer on his prbduction expansion path can seriously affect pro-

ductivities of land. It is generally concluded that of the acreage

eligible for diversion or set-aside payments, the least productive

land or the land at the margin would be the first to be removed from

" production; this would not be expected to be equivalent to the

effects on total production of the removal.of other land.
Another important factor to be considered is that Whéﬁ the

planned output of a crop is expanded, all inputs need not be ex-

panded proportionately. Output'per.unit of any one factor would

change. -
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This study has shown that Montana farmers are éenerally more
responsive to market prices than has beeﬁ indicated by previous
studies of other regions. The historical orientation of Montana
agriculture to export through West Coast markets could explain the
relatively greater responsiveness of Montana farmers to market
prices. Also shown in this study is that Montana wheat and barley
production is nearly unresponsive to past levels of.diversion or
set-aside payments offered by the federal government. These findings
are generally consistent with the present day understanding of the |

nature of Montana agriculture and could be employed to evaluate the

effects of future farm programs on Montana agriculture.
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Table 1 Alternative Estimations of Montana Wheat Acreage Supply
Independent Variables x b
Equation Dependent b w w w 2% . 5
Number Variable Constant AB: AD: UDK US[ Pt-l D3 - Iy o
5.1a A\~'t 3183 -0.49 -.314 . 1731 -604.9 8700 128.91
(7.05) (-3.12) |(~1.57) (6.63 (=5.54
5.1b AU[ 2693 -0.48 —895.36a 1622 367 -431.3 100.39 <35
(7.01) (-2.82) (-2.24)7) (7.70) (2.61) (-3.88)
5.1¢c AV 2752 -.103 -799.26 1618 334 ~442 9125 105.76 17
(6.58) (-.55)2 (-1.75)7} (7.28) (2.09)% (=3.73)

Note: Standard error of the coefficient in parenthesis.

a S ey - T
Coefficient not significant at the 95 percent probability level

b !
Standard error of the estimate.

CAdjusted coefficient of multiple determination.

dDurbln—Uacso: Statistic.
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Table 2 Alternative Estimations of Montana Barlev Acreage Supply

Independent Variables
;qu;t:c: Tgpenden: AW AD” wo” ;35 ws®
Number Variable Constant t £ t t
5.2a AB_ 6334 |1-0.6566 -0.45 +34 5
8 (£.47) | (=4.33) |(-2.29) (.13)

5.2b AB( 6253 |-0.6432 -0.43 =23 =

(6.41) | (=4.26) | (2.2002 (-.09)
5.2¢ A3 12105 }-0.5895 -0.163 -101.73a

(8.32) | (-6.23 |(1.41)*? (-1.05)

.9031

.9032

.9238

77.54

68.89

Note: Standard error of the coefficient in parenthesis.

aCoefficient not significant at the 95 percent probability level.
bStandard error of the estimate.
CAdjusted coefficient of multiple determination.

dDutbin-ia:s:: Statistic.

o
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Table 3 Data Matrix

Wheat Montasa  Mootana  Nomtssa Net substi- Veighted  Weighted Weighted Veighted  Veighted Veighted Weighted Price Weighted
acres  Whear Whest Consarving tution acres price sup- price sup- price sup- price sup- price sup-  price sup- Diversion Deflation Diversioo
planted Allot- Allot- Base Acreage in Montana port rate POrTt rate  port rate port rate port rate port rate payment rate payment rate
in Moo- ment nent o time t Substitution in Montana in Mootena in Montana in Mootana in Montana in Montana (n Montana for in Monzana for
tans in in time in time of wheat for for whest for whear for wheat for barley for barley for barley vheat diversion
time ¢ ¢ t others $/bu in $/bu in $/bu fa $/bu in $/bu. 1in $/bu in $/bu ia ¢
time t time ©, time t, time t time ©, time t
v : - - ) .

W, A MEA CE, As] wSW, vV L wsB, WS, wsE__, Pd woB,

1 2 3 & 5 5 7 & 9 10 11 13 14 . 15
4262 4013.5 4013.5 7674 o 1.15 1.14 1.17 93 17 77 0 92 [} 0

(1960) (1959)
4248 4031.95 4033.9 7674 0 1.26 1.15 1.14 .65 .93 .17 149 94 258 .120
(1960)

4248 4026.2 4026.2 7674 0 1.18 1.24 1.15 .67 .65 .93 -086 95 176 176
4156  3640.4 3640.4 7674 ] .94 1.18 1.24 .62 .67 .65 139 9% 033 L0313
4551 3652.3 352.3 7674 589.1 1.25 .94 1.18 .62 .62 .67 139 96 .073 .07
3885 3538.5 3538.5 7674 160.4 1.29 1.25 .94 .52 .62 .62 ~175 99 L 141 L1421
4825  4696.7 4696.7 7608 377.2 1.61 1.29 1.25 .90 .52 .62 0 100 ] ]
4722 4085.0 4085.0 7546 691.9 1.61 1.861 1.29 .90 .90 .52 0 102 [} [}
3920 3555.6 3555.6 7164 344.9 1.33 1.61 1.61 .54 .90 .30 .170 106 178 178
3506  3137.7 N37.7 6797 303.6 1.17 1,33 1.61 .54 .54 .90 .162 110 157 157
4516 1383.6 3055.0 5786 0 1.61 1.17 81 54 .54 0 115 0 0
4130 1410.5 31144 5523 o 1.55 1.61 1.7 .86 .81 .54 .202 122 156 .156

4235 1347.5 2975.3 5699 o 1.51 1.55 1.61 .86 .86 .81 .128 146 281 .281
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Table ] Data Matriz Come.

Average Average Average Average Average Average D, 0, o, T Sarley Vheat Barley
price of price of price of price of price of price of z - acres acres acres
all whear  all whe all vheat bariey in barley in barley in planted tn  diverted diverted
in Moutana Io Momtana in Montana Mogtana Moutans Montana Montaua in
$/bu $/bu S/bu $/bu $ /by time ¢
in time t 4o time t_ 3 in time ¢ {o time r) In time
w b
ESW * B i t N B
16 17 8 19 0 21 22 23 2 25 26 27 28 29
1.86 1.66 1.66 1.25 86 66 2 ] o 61 1801 0000.0 0000.0
2.00 1.86 1.66 1.18 T .86 .66 0 1 0 62 1909 0548.2 0118.4
1.82 2.00 1.86 1.28 72 T4 .86 0 1 0 63 1642 0271.5 0227.1
1.27 1.82 2.00 1.09 8 72 .74 o 1 0 64 1626 0681.2 0291.8
1.23 1.27 1.82 1.53 87 .78 72 1 1 [ 65 1366 0391.5 0278.5
1.49 1.23 1.27 1.63 .87 .78 1 1 1 66 1735 0528.3 0076.3
1.29 1.49 1.23 1.66 .86 5 87 X 0 1 67 1319
1.16 1.29 1.49 1.67 7% .85 87 1 0 1 68 1200
1.23 1.16 1.29 1.67 n 8 8 1 1 1 69 1680 0609.5 0256.6
1.31 1.23 1.16 1.48 8 n 78 § 1 1 70 1800 1028.9 0272.2
1.23 1.31 1,23 1.66 .88 .78 g = 0 1 71 1740 1016.
1.88 1.23 1.31 1.5% 1.22 .88 78 ] 1 1 72 1820 1845.4 0698.3
4.30 1.88 1.23 1.42 .20 1.22 88 o 1 1 73 2100 2078.5 0182.6
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