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INTRODUCTION

One striking feature in the United States today is the
large degree of interdépendence existing within agriculture
and among agriculture and other sectors of the economy.
Government and non-agricultural groups currently perform much
more important roles and have greater impact on the organiza-
tion and operation of agricultural firms, markets, and
programs than they did in past generations. With the in-
creasing dependence of agriculture on government and other
sectors, the formulation of economic policiles, either by
government or by firms, has become more complex and requires
more knowledge and intricate analysis today than previously.
If the over-all repercussions of policies are to be accounted
for, it will be necessary that policy-makers obtain and use
knowledge of the interdependence existing within and among
relevant sectors and that we obtain the most we possibly can
from resources devoted to the policy-making activities.

One possible way to obtain more from resources employed
in policy-making is by treating the broader problems of
policy in a systematic manner and by use of quantitative
economic analysls wherever possible. It appears that wider
application of existing economic tools of analysis would be
preferable to the usual practices of today. Certain

analytical tools, such as the main elements of the theory
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of choice, haveAbeen available for quite some time and could
have been used in policy making to better advantage than they
were. Recent improvements in the fields of economics,
statistics, and econometrics have added to our knowledge of
concepts and techniques and have extended the range of
application for certain types of analysis. Developments in
these and other fields of study have added to our understand-
ing of basic relationships and have brought about more and
better data. In recent years, Tinbergen [120], [119]! has
contributed to our knowledge on the logical structure of
general problems of economic policy and Theil [116] has

added to our knowledge on some of the basic problems in-
volved in policy making. These developments enable the
problem to be set out more clearly today than formerly and
point out the contributions that can be made by economic

analysis.

Specific Purpose of the Study

One of the practical purposes underlying the construction
of econometric models is to provide information on the
quantitative characteristics of the economic system or
relevant sectors within the system. When such information

can be obtained, it will be possible to predict with a

INumbers in brackets refer to references cited in the
attached bibliography.



specified level of probability the future course of certain
economic variables and the effects upon the system of various
courses of action under given conditions.

Currently, there are no well defined procedures to
follow in model buillding. The construction and choice of a
suitable model is mainly a problem of knowing something about
the economic and environmental phenomena and of making
realistic assumptions about them. Although economic theory
provides reasonably detailed specifications for certain
sectors of the economic system, many competing sets of
assumptions can be employed in the specification of certain
structural equations without contradicting present knowledge
of human behavior and the environmental conditions [17, pp.
570-21, (93, pp. 276-7]. When constructing models suitable
for purpbses of prediction and making policy recommendations,
it is necessary therefore to consider several alternative
economic theories as admissible hypotheses.

In dealing with many types ol economlc policy relating
to agriculture, Information 1ls generally needed on the
nature of consumers! responses to selected economic changes
in the economy [97]. It has been a common practice in past
studies to employ the classical static theory of consumer
choice in the specification of demand equations, i.e., it
has been a common practice to assume that the variables of
primary importance in determining consumer behavior are

prices and income. The use of such specifications, however,



do not reflect the time-incidence of the consumers' reactions
to selected economic changes.

The main obJective of this study is to test different
hypotheses about consumers' adjustment over time to changes
in certain economic variables. More specifically the study
attempts to test hypotheses about (1) liquid assets,

(2) long-run elasticities, and (3)-variable preferences as
additional factors that are important in determining con-
sumers! consumption of the major dairy, meat, poultry, fish,
and fat and oil food products.

In order to obtain estilmates of the parameters in the
postulated demand equations and hence to test the alterna-
tive hypotheses, it 1s necessary to construct an econometric
model. A secondary objective of the study is to construct
a complete shock?® model to present in simple form the under-
lying relations which reflect observable economic phenomena
in the dairy, meat, poultry, fish, fat and oill, and other

sectors of the United States economy.
Need for Knowledge of Economic Relations in
Economic Policy-making

The formulation of policy can be considered as arising

from a divergence between the actual and some desirable or

@Tn shock models the errors are associated with the
equations.



optimum situation. The process of policy-making consists of
the deliberate selection and adaptation of available means
in order to attain certain ends under different conditions.
The ends of policy, following the arguments of Tinbergen,
are determined by the preferences of the policy-makers. In
cases of governmental policy in a democracy the preferences
of policy-makers are considered to te similar, at least to

a certain degree, with the preferences of the citizens. The
alternative means of policy at the policy-makers' disposal
are defined as those variables that can be controlled to a
certain extent by the policy-makers. Changes in the avail-
able means used to offset the effects of changes in non-
controlled variables are called courses of action.

The policy-making process can be described alternatively
as decision-making under uncertainty. The general pro-
cedures involved in such decision-making can be outlined
briefly as follows: (1) The changing actual situation has
to be estimated. Thaﬁ is, knowledge 1s needed of the
initial level and future course of tThe economic and other
conditions comprising the situation in absence of changes
in the alternative means of policy. (2) After the initial
and future conditions have been estiméted, it is necessary
to find out if the estimated situation differs from what is
considered to be the most desirable situation as defined by

the preferences of policy-makers. When a divergence is



found to exist, the effects of alternative courses of action
have to be estimated. That 1s, since several means of policy
making may be avallable and adaptable to attain the selected
ends, 1t is important that policy-makers have information on
the changes in future conditions resulting from their be-
havicr under alternative courses of action. (3) The esti-
mated outcomes assoclated with alternative coﬁrses of
action have to be appraised relative to the selected ends.
The appraisal activities should also conslder the costs of
using different means because it is not a matter of indiffer-
ence as to which means of policy are employed. The adapta-
tion of different means involves costs which in general
depend upon the level at which the means are used. Both
the estimated outcomes and costs can influence the weights
assigned to the alternative proposals by policy-makers. On
the basis of the appraisal a cholce has to be made among all
of the estimated outcomes as to the course of action that
is expected to yield the most desirable outcome. (4) The
final activity consists of executing and supervisihg the
selected course of action. This activity can perform the
service of determining to what extent the adopted course
of action does in fact yield desirable results and can pro-
vide information for future decision-making.

The effectlveness of the decision-making process depends

in part upon the policy-makers' judgments about the relevant



ends and alternative courses of action. These judgments re-
late to the appraisal of the varylng conditions and there-
fore are influenced by the data and methods of analysis
available for use in providing estimates of the changing
situations and of the effects of different means of poiicy.
For example, given the ends of economic polilcy, the appraisal
of alternative courses of action depends upon judgments made
about (1) the estimated future conditions in the economic
system‘and (2) how the course of economic conditions are
altered by édaptation of the available means relative to
what 1t would have been without them. Due to the element

of uncertainty, the description of the changing future con-
ditions in the system, resulting from variations in the con-
trolled and non-controlled variables, 1is necessarily based
upon expectations and predictions. When errors arise in the
prediction process, the policy proposal will in general be
suboptimal.

As indicated above, the effectiveness of policy-making
depends partly on the policy-makers' Jjudgments and partly
upon statements made available to policy-makers about the
future conditions. All statements about the future must
necessarily employ data on past events. If these statements
are to be useful for predictive purposes, however, 1t is
necessary that systematic or orderly patterns existing in
the past be determined and that relationships likely to hold

true between past and future patterns can be identified and



established [79]. The determination of systematlc patterns
for the past requires the accumulation and analysis of data
and the existence of effective theories or working hypotheses.
A well-founded theory not only helps to determine the rele-

vant variables and relationships existing between past values
of these variables, but can also serve as a general model to

describe the patterns of change over time.

Contribution of Economic Analysis in Economic

Policy-making

By use of economic theory and quantitative economic
analysis the economist can provide policy-makers with
knowledge about the past patterns and with predictions about
the future course of certaln qualitative and quantitative

economic variables under assumed conditions [62]. Tinbergen

[119, pp. 8-9] states,

The logic of finding the best economic policy,
that 1is, of finding the extent to which certain
means should be used in order to achieve certain
aims, is, in a sense, an inversion of the logic
to which the economist is accustomed. The task of
economlc analysis is to consider the data (including
the means of economic policy) as given or known,
and the economic phepromena and variables (including
the aims of economic policy) as unknown. The
problem of economic policy considers the alms as
given and the means as unknown, or at least partly
unknown. . . economic analysis cannot provide a
complete treatment of problems of economic policy.
'Extra economic' elements are involved: especially
the choice of aims, and, to some extent, the choice
of means. But, nevertheless, analysis can make
some important contributions. It can (a) help to



judge the- consistency of the aims assumed, and of

the aims and means as a combination. . . . By

detecting inconsistencies it may be (b) narrow down

the possibilities and’so contribute to a solution.

Finally, it can also {c¢) determine the values of

instrument variables in problems where targets or

more general aims have been sufficiently specified

and cannot be shown to be inconsistent.

The way in which the economy adjusts to changes in non-
controlled variables and the way in which different means
of economic policy influence future conditions depends upon
how individuals, institutions and other phenomena respond
under different conditions. As a result of the theoretical
discussions 1in economics and developments in statistical
inference during the past two decades [50], it has become
possible to formulate more sharply the structure of the
economy or sectors thereof by use of econometric models.
Recent developments in quantitative economic research enable
the economist to provide policy-makers with reasonably
accurate predictions of the future course of economic vari-
ables under certain conditions [116], [170, pp. 5-6]. Judge
[60, p. 4] states,

. . recent research advances in econometrics

have contributed to a sharper formulation and

treatment of the choice of a model and the develop-

ment of methods of estimation which are logically

consistent with the abstract schemes proposed by

economic theory.

The baslc purpose in constructing econometric models
[60, pp. 4-20], [62, pp. 1-12] is to describe the way in

which the economy actually operates and to represent in a
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simplified way the mechanisms which underlie the phenomena
observed in the real world. In these models [67, pp. 27-48]
certain economic variables, classified as endogenous vari-
ables, are considered to be determined by a complete system
of structural equations which is consistent with the a
priori knowledge and assumptions of the economist. These
equations represent the basic economic relations [104, pp.
7-20] and reflect the direct logical ties between variables
introduced by economic behavior or by the logic of defini-
tion or technique.

Usually distinctions are made between four types of
economic relations, namely behavioral, technical, institu-
tional, and definitional. The behavioral relations, such as
supply and demand equations, serve to describe the behavior
of individuals or groups of individuals. The relationships
imposed by technical and physical conditions are reflected
in the technical relations. The institutional relations
indicate the relationships holding among variables that are
due to the social and institutional framework of the
economy. The definitional relations describe the inter-
relationships among variables that follow simply from their
definitions.

All of the structural equations taken together form the
economic model and provide a simplified representation of
the economy or relevant sectors under consideration. It

would be too unrealistic, however, to look upon the
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structural equations as being exact. To obtain predictions

of the future course of the endogenous variables or estimates
of the structural parameters, it is necessary to consider

the character of the process generating the observations [69].
That 1s, 1n addition to the specification of the economic
model, random shocks and/or random observation errors have

to be specified to represent the random or stochastic

elements in human behavior or in model specification.

Marschak [79, p. 12] states,

Even if, in describing the behavior of
buyers, we had included, in addition to the price
and to the quantity demanded, a few more variables
deemed relevant . . . , an unexplained residual
would remain. It is called 'disturbance! or 'shock!?,
and can be regarded as the joint effect of numerous
separately insignificant variables that we are un-
able or unwilling to specify but presume to be
independent of observable exogenous variables.
Similarly, numerous separately insigificant vari-
ables add up to produce errors in the measurement
of each observable variable (observation errors).
Shocks and errors can be regarded as random
variables . . . the probability that the observa-
tion on a certain endogenous variable will take a
certain value, or will fall within a certain range
of values, can be stated, provided that the prob-
ability distribution of observation errors of the
variables is known. Simllarly, no exact prediction
but, in general, only probability statements, can
be made if at least one of the structural relations
is subject to random disturbances (shocks), even
if all observations are exact. :

By associating the disturbance with each equation or the
errors with observations and treating them as random variables
with a given probability distribution, we can apply the

methods of statistlcal inference on the problem of parameter
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estimation. The specification of such shocks or errors play
a major role in determining the method of estimation and the
probability distribution of the endogenous variables. When
the set of structural equations is completely specified
[69], [109] and consistent with all of the assumptions of
the economist, the set will be referred to as the
econometric model.

Accurate specification of the structural equations,
relevant variables and statistical properties of the model
are needed to avoid misunderstanding. It is only on the
basis of such specifications that the economist can formu-
late precise questions and provide reasonable answers. The
implications and statistical inferences drawn from the esti-
mated parameters and economic relations are necessarily
conditioned by the validity of the specification of the model.
Economic theory and the economlsts a priori knowledge of the
underlying economic structure can ald in the determination
of relevant equations and variables and can provide a guide
as to the appropriateness of the assumptions he might make
about these aspects of his model. The choice of variables
to include in the equations will also be affected by the
availability of data. The specifications of the form of
the equations and of the stochastic properties are often
chosen partly to simplify the statistical analysis and are

to some extent arbifrary. For a discussion of the details
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and problems of specification see [17], [4#8], [50], [55],
[60], [62], [64], [67], [69], and [T79].

By constructing econometric models, estimating the
structural parameters and obtaining predictions for economic
variables relevant to the problem under consideration, the
economist can provide policy-makers with such knowledge to
serve as a basis for evaluating the effects of alternative
courses of action. Tinberger [119, p. 27] states,

Problems of practical policy have to be in-
terpreted in terms of such simplified models and,
after the analysis has been made, an interpreta-
tion back (i.e., an application of the findings
of the model back to the real situation) has to be
attempted. Here, of course, divergencies of
opinion may, and necessarily will, arise. It is
an initial advantage for mutual understanding,
however, if consensus of opinion can be obtained
on the precise problems and answers constructed
with the aid of the models; this helps to narrow
down differences of opinion. And, if somebody
believes that model A does not fairly represent
the actual situation to be discussed, he will be
forced to indicate in what respect that model has
to be changed.
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THEORETICAL CONSIDERATIONS

Examination of the literature reveals that numerous
empirical studies have been made to derive demand curves and
to obtailn statistical estimates of price and income elastic-
ities. It can be argued that most of these studies have been
concerned with estimates of short-run elasticities almost
to the complete neglect of the long-run aspects of demand.
Consideration and estimation of the long-run aspects of de-

mand appear to be of interest to economists. Working [179,

pp. 972-3] states,

Perhaps the most unsatisfactory part of our
knowledge of demand is in the area of demand
dynamics. We have long recognized that there may
be differences between short-run and long-run
elasticities of demand, but little progress has
been made in measuring them. Attempts to deal
statistically with the dynamics of demand are, of
course, nothing new. Lagged variables have been
used in many studies, but for the most part,
analyses have not been designed or interpreted in
the light of their possible meaning as to differ-
ences between short-run and long-run elasticities.
Probably the principal reason for our lack of
quantitative knowledge of the dynamics of demand
lies in the inherent difficulty, if not im-
possibility, of obtaining reliable estimates of
long-run elasticlties of demand.

Although the theoretical distinction between short-run
and long-run elasticities is still rather arbitrary, a few
recent studles have been designed and directed to obtain
quantitative estimates of long-run elasticities of demand.
This section outlines some of the underlying theoretical

concepts that may be employed in the specification of demand
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functions and discusses some of the conceptual and esti-
mation problems involved in the empirical analysis of short-

run and long-run elasticities of demand.

Static Theories of Demand

When constructing economic models for use in empirical
studies, it is generally assumed that groups of individuals
such as producers and consumers behave according to some
fundamental pattern and that this behavior is reflected in
the structural equations. The specification of demand
functions or structural equations representing consumers!
behavior has generally been based upon the static theory of
consumers' choice. Since the static theory is discussed
rather extensively in the literature on the theory of con-
sumer cholce, only a brief review will be given. Under
traditional theory, the consumers' market behavior is ex-
plained in terms of preferences or a utility map. Each con-
sumer is viewed as possessing a well-defined system of
preferences represented by a utility function, such as
u = u{qi,...,qn), which he is assumed to maximized subject
to his income. The concept of utility and utility maximiza-
tion 1s introduced to provide a basis for the development
of laws of demand for consumer goods.

Early economists assumed utility was a measurable quality

of a good and that it was additive. DModern theorists argue



16

that it was an unnecessary and unwarranted assumption for
utility to exist as a cardinal magnitude. It 1is necessary
only that an ordinal preference field exist because only more
or less comparisons are needed when dealing with consumers!
behavior. They argue that only the shape of the indiffer-
ence map is important in deriving the main results of demand
theory. As proof, modern theorists have shown that all of
the results of the utility maximization procedure are in-
variant under a monotonic transformation of u. Equivalent
results will be obtained if a transformed utility function
F(u) is maximized instead of u when F'(u) » 0. This
transformation changes the theory to ohe of ordinal utility
where the indifference map can be defined on a psychological
behavioristic basis without using the concept of measurable
utility.

Underlying the indifference map, the consumer is assumed
to possess a scale or field of preferences. The preference
fleld 1s represented by a utility or preference-index
functlion u = u(ql,...,qn; el,...,en) which depends upon the
consumers ' budget q = (q,,...,a,) consisting of n goods and
services. The Gi are parameters describing the form of the
function or the consumer's preferences and are often assumed
to be given. When 1n the preference fleld the axioms of
comparison and transitivity are fulfilled, the preference

field is said to have an ordering. This ordering enables



17

the consumer to compare budget q = (qi,...,qy) with alterna-
tive budgets q' = (qi,...,qﬁ), i.e., different combinations
of the quantities of n goods and services, and to decide if
q is preferred to q', q' is preferred to q, or g and q' are
indifferent. The locus of all points ' which are indiffer-
ent to q constitute the indifference surface running through
q. The system of all indifference surfaces constitute the
indifference map of the consumer.

The consumers' selection among the alternative budgets,
i.e., his purchase region, is limited by the budget

constraint

I ns

pPigi = ¥

(2.1) P10y + ... + Pply = )

i

where Py is the ith price, q; 1s the quantity of the 1th
good and y is income.® Each budget satisfying this condition
is called an obtainable budget. If among all possible ob-
tainable budgets, there 1s one budget preferred to all other
obtainable budgets it is called an optimal budget. Budget q
can be an optimum only if the indifference surface 1s tangent
to the budget equation at gq. All optimal budgets must
satisfy

n
(2.2) P;q; + ... +P.Q = 1§1 pPia; =¥

@The Latin capital S is used to denote the summation
sign in this study.
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which is called the budget equation. The choice criterion
underlying the static theory of consumer choice is that the
consumer always selects an optimal budget if one exists.
This is simply a restatement of the assumption that utility
is maximized.

The consumers' demand functions are derived from the in-
difference map under the %traditional theory of consumer
choice in the following manner. Suppose the assumptions of
non-satlety, continulity, and differentiability, stated by
Wold [176, p. 82], are satisfied in order to enable the use
of mathematical analysis. During the defined budget period
the consumer is considered in a market buylng goods and
services at prices which he cannot appreciably affect. It
is assumed there is a fixed number of goods and services
designated by QysesesQp which are clearly defined, homogene-
ous and divisible. The respective prices Pys...,P, are
assumed to be positive and measured in terms of the monetary
unit., It 1s also assumed that the consumer has a positive
sum of income y. Following the choice criterion, the con-
sumer 1s assumed to behave so as to maximize his utility
function

(2-3) U=F [u (qu-'°)%)]

subject to the budget equation

(2.2) Pyd; + Pl + o.. + DPpQp = isl pPiqy =V



19

where total expenditures equal income. It is necessary, as
mentioned earlier, that the indifference surface passing
through q has (2.2) for its tangent plane if q 1s to be the
optimal budget\in region (2.1). Without this restriction
the consumer would be ablé to purchase an unlimited quantity
of goods and services up to the point of satiation and hence
the axiom of selection would not be fulfilled.

This 1s a constrained maximum problem for which the
maximal or optimum budget solution 1s obtained by introduc-
ing the La Grange multiplier L and forming the function

a

[JR2Rai

(2.4) C=U+1L(

1 Pjd; - )

1

Upon maximizing (2.4) by differentiating and setting the
first order partial derivatives equal to zero, the conditions

for consumer equilibrium (i.e., optimal budget) are obtained

(2.5) Uiy =Ipy 3 1 =1,...,n
wWhere
AU S Uids
17 gag R TS pyay

When L is eliminated, Equation (2.5) is equivalent to

U 9]
(2’6) ——l- = -—-2- T Lee = E}'—ri
: pl p2 pn

a1t is a common practice to denote known or unknown con-
stants by Greek characters, however, in this manuscript they
will be denoted by Latin characters.
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or

(2.7) —=-—=3;1=2,...,n

The ratio Uj;/Ul is called the marginal rate of substitution.
In equilibrium (i.e., for budget q to be optimal) the
marginal rates 6f substitution between all goods must equal
thelr respective price ratios. The budget equation and the
conditions for consumer equilibrium as expressed in Equations
(2.5), (2.6), or (2.7) constitute the necessary conditions
for a méximum. Ih order that U should be a true maximum,
the sufficient conditions must also be satisfiled. That is,
the indifference surface must be convex to the origin at the
budget point q. The sufficlient conditions are met when
n n

(2.8) d®u = iil jil Upjtity < O
for all nonzero values of tj and tj satisfying p,t, + ...
pPhty = 0. From the above discussion we see that the necessary
conditions of consumers' equillibrium can be represented by
any one of the various forms of Equations (2.5), (2.6), or
(2.7) in combination with Equation (2.2). .The consumers'
demand functions are derived below by use of Equations (2.5)
and (2.2) as this formulation maintains the symmetry of‘all
variébles.

Suppose the indifference map is such that for a given

combination of prices the consumer spends his total income
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upon an optimal budget q = (q;,...,q,). ILet the equilibrium

conditions be represented as

n

(2.9) S psjg; -y =0
‘ 1=1 i=i

Ui—ij-:O;i:l,'oc,n

By solving these equations for L, El, aé,...,ah in terms of

P,s Pasee.,sPpn,¥, we obtain

(2'10) aj_ = ai (pl:-°-:pn,y); i=1,...,n
and
(2.11) L=17f (pysee.,0n,¥)

where each of the equilibrium demand quantities ai are ex-
pressed as functions of prices and income. Allowing the
prices and income to vary the equations in (2.10) represents
the demand equations indicating how the equilibrium demand
quantities Ei change with such variations in prices and in-
come, The demand functlon is the locus of the consumer
equilibrium positions and expresses demand quantity for
each consumer'!s good and service as a function of all prices
and income. The variable L is called the marginal utility
of money and can be eliminated.

Modern theorists show that certain restrictions apply

for the demand functions. First, the demand functlions are
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sald to be homogeneous of degree zero., That is, the equi-
librium solution remans unchanged when both prices and income
experience an equal proportionate change. This implies that
the equilibrium guantities ai are functions of relative
prices and relative income; therefore, the demand functions

(2.10) may also be expressed as

Pi P2 pn
di(—;)-——,ooo’———);i:l’-oo,n

(2.12) a3

oF P P y
q; = d4 (_g,gg’.”’_n’__)
L Py Py P, " P,

The second restriction is that the integrability conditions
hold. This restriction indicates that the substitution

th

effects of a compensated change in the j price upon the

1P gemana quantity is equal to the effect of a compensated

1th th demand gquantity.

change in the price upon the j

Nothing has been said thus far about the direction of
changes in equilibrium demand quantities resulting from
changes in income or prices. The nature of such changes in
the equilibrium demand quantities may be determined from the
marginal responses © q3/9 ¥ and aai/apj. First, consider
how a change in income with prices remaining constant will
affect the equilibrium demand quantities. By differentiat-
ing the equations in (2.9) partially wlth respect to y

we obtain
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L q 962 _n
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(2.13) - p, ﬁ + Uy, Y + Ussp F, + + Uup Y =0
oL 4, dda Qaﬁ
-pnﬁ'”fUnlj;—““Unz:)T“‘--- + Unn YA

where the partial derivatives ()Ei/a y;3 i=1, ..., n, indi-
cate the marginal responses in the equilibrium demand quanti-
ties to changes in income. Substituting p; = Ui/L from
the equations in (2.5) and applying Cramer's rule to this
system of equatiohs, the marginal response of the 1th
equilibrium demand quantity to the change in income is given
by

001 _ L&y

(2.4) —a-—y-—=——A-—;i=lJ°--’n

where A is the determinant of the coefficients for the system
of equations and A; is the cofactor of U;. Without knowing
something about the sign and relative size of the Uij terms
in system (2.13), nothing can be said about the marginal
response ih the 1M gemand quantity resulting from the change
in income. On the basis of empirical research, however,

the equilibrium demand quantities are expected to increase
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with increases in income except for the case of inferior

goods.

Iet us now consider the effects, upon the equilibrium de-

th priée, assuming all

mand quantities of a change in the
other prices and income remain fixed. Differentiating the

equations in (2.9) with respect to pj we obtain

éa-l 942 dYn —_

Py P D2 553 + + Pn 3Dy~ qj
> L 351 gﬁé g—h

+ U, — + U + vee + U0, Z— =0
P8y T TR ey T M 5p; 3 p;
oL »&a »da 3n

2.1 -p;s —+ U — + ., + Us L
(2.15) - p; >py 9 ap J2 3p, nyp
}L 351 35@ ;Eh

The partial derivatives yqy/>P; 5 1 =1,...,n, indicate

the marginal response in the i equilibrium demand quantities

th

to changes in the j price. By simplifying and solving the

system of equatlons as before

(2.16) )ai= (- a3 L &g + L ALy) .
: Bpj A Ja

Substituting Equation (2.1%4%) into Equation (2.16), we obtain
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>di _ 343 L g5
(2'17) — = - Qg3 + J
3P Jyy A

Equation (2.17) indicates the effect of changes in the
price of the jth good upon the equilibrium demand quantity
of the ith good. The effects of the price change are split
into two components, namely the income and substitution
effects, The first term - Ej 561/3 ¥y represents the income
effect where a rise in the price of one good, other prices
and income remaining fixed, 1s partially equivalent to a de-
crease in money lncome. The size of the income effect de-
pends upon how important aj 1s in the consumers! budget.

The substitution term LAiJ/A represents the effect on
equilibrium demand quantity q; of a change in the price of
Ej when income is adjusted so that the individual would be
able to purchase the original budgets.

It was pointed out earlier that nothing can be said
about the sign or relative size of iiai/'by and hence nothing
can be said about the size of 9 ai/a;pj from Equation (2.17).
It is possible, by ignoring the income effects, to obtéin
some information from the substitution term as to the
complementarity between goods. If LAiJ/A is positive, then
a reduction in the price of Ej leads to a decrease in the
demand for Ei and the goods are called substitutes. If the
substitution term 1is negative; then a reduction in the price

of Ej leads to an increase in the demand for g; and the
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goods are called complements. When the term is equal to zero
the goods are said to be independent. These results depend
upon the properties of the indifference map and not upon the
utility index representing the indifference map.

The above discussion covers the main aspects of static
demand theory generally presented in the literature. This
theory may be extended or generalized in various ways to
provide a basis for the study of particular aspects of con-
sumer behavior. One of the plausible generalizations is
that the utility function need not depend only upon con-
sumption goods as outlined above but might also depend upon
the holding of assets. Klein [62, pp. 46-50], Bushaw and
Clower [19, pp. 128-134j, and Chow [20] have generalized de-
mand theory in this direction. Under these alternative
theories the consumer is assumed to maintain some desirable
structure of assets while at the same time to maximize his
utility from consumption goods. That is, the consumer is
assumed to decide upon the proportion of his income to spend
on consumption goods for current use relative to savings and
to decide upon the form in which his savings will be held.
Such generalizations are made by introducing new variables
and parameters into the utility index as well as assumptions
defining the roles played by the new variables.

The generalized theory may be developed by considering

the two types of decisions independently, as mentioned by
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Klein [62, p. 46], or by combining and treatingz the two de-
cisions as a single decision. The theory to be outlined
follows the latter approach and has drawn heavily upon
Bushaw and Clower's generalization of demand theory to stock-
flow commodities [19, pp. 128-134]. 1In fact the following
discussion in large part repeats theilr arguments with a few
modifications.

Under the static theory of demand discussed above, the
consumer was assumed to possess a utility function which de-
pends upon the quantities of n goods and services purchased
for current consumption. When the consumer is assumed to
maintain some desirable structure of assets and to maximize
his satisfaction from goods used in current consumption, the

utility function can be represented by
(2.18) U =0 ( Qys.c250pns 81se0-58,5 1504568, 61,...,04)

where utility depends upon q;,...,q, the quantities of n
goods and services purchased for current consumption, and
B1s+++,8, the quantitles of the r goods and assets (i.e.,
durable goods, securities, and/or money) which the éonsumer
desires to hold for future use or sale. The parameters
©1500:58, e;,...,eé describe the form of the utility
function or the consumer's preference system which is
assumed to be given.

Bushaw and Clower [19, p. 128] state,
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While the decision to hold units of a given
commodity 1s essentially independent of the decision
to use units of the same or another commodity,
there will usually be links between the two
decisions since commodities are not normally held
for thelr own sake; and the properties of the
utility index will reflect this fact (e.g., the
demand to hold houses may be closely related to
purchases of saving bonds, etc.). Furthermore,
the decision to alter current asset holdings will
usually have a direct influence upon current pur-
chases generally since the consumer cannot acquire
additional stocks of one good without either . . .
diminishing current purchases for use, or disposing
of units of other assets. As a matter of logic,
however, changes 1n the demand for assets to hold
carnot be related directly to commodity purchases
because the former quantity is a stock while the
latter is a flow.

In order to develop the budget constraint appropriate
for this situation so that all demands will be backed by
purchasing power, Bushaw and Clower proceed in the following
manner. Defining hj; i =1,...,r, as the quantity of the
ith good or asset actually held by the consumer, it is
assumed that the consumer will wish to change his actual
holdings of the ith good or asset according to his desired

th

excess demand, Xy =84 - hi for the i good or asset. That

1s, s; the desired time rate of change of actual asset hold-

ings for the ith good 1s assumed to vary in the same way
as Xj, as
< <
;2.19) s34 30 when x5 ->O .

The extent to which the desired changes in asset holdings
does in fact occur is assumed to depend upon many considera-

tions which are reflected in the equations



(2.20) qf = qi (i) 3 1 =1,...,r

iJCh good pur-

where qi represents the actual quantity of the
chased to add to asset holdings. In Equations (2.20) it is
assumed that the actual and desired changes in Quantities of
asset holdings, qi and 54, are nearly equal, so that

dq!
(2.21) a;i >0, g} =0 if and only if x; = O

Building upon these properties and assumptions and supposing
that the equations in (2.20) are represented by the simpler

form

(2.22) qi =k.x, 5 1= 1,...,r

where k; is a fixed positive number, the equations in (2.22)
state that the consumer's actual and desired purchases of

the it

good to add to asset holdings is constantly pro-
portional to his desired excess demand for that good or
asset. This formulation enables one to consider both pur-

chases and sales for the ith

good or asset, i.e., when qi

is positive the consumer is assumed to purchase the good and
when negative to sell the good. Bushaw and Clower argue
that the above formulation is appropriate under the purely
competitive hypothesis, because under these conditions de-
sired and actual purchases (sales) in any asset are always

equal.
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Following the above arguments, the consumer's budget

equation is defined as

) n n+r
(2.23 S p:q; + S piky (g; ~hy) =y
e R e

where total purchases are (qi + qi), the quantities of n
goods purchased for currenf use and the quantities of r goods
purchased to add to asset holdings.

The consumer's optimal conditions for the case of current
consumption goods and asset holdings are obtained by intro-

ducing the LaGrange multiplier, by forming the function

n+r
p;a; + 8 pyk; (8 - hy) -¥]

n
(2.24) c=U+L[38
: = i=n+l

and then maximizing (2.24) where the hy's, py's, and y are
regarded as fixed. By differentiating (2.24) and setting the
first order partial derivatives equal to zero the necessary
conditions, in the sense of a current consumption goods and
asset holdings decision process, are given by

(2.25) Ui+Lpi=O ; i=l,‘.o,n

Uj + Ikyp; =0 53 1 =n+l,..., n+r

n n+r ( )
S p.g;s + S p:k:s (83 ~hs) -y =0
1=1 P gy TP

where



U
U; = "az'for i1i=1,..., n
and
U
Ui = —g— fori=n+l,..., n+01r .
i

The sufficient conditions are met when

217 —
(2.26) Q®U = 8,8, Uyy B4ty

j j i=l,...,n ; n+l,..., n+r
: J=4L,

eeel 3 NAl,. .., N4r
1s negative definite for values of the t's satisfying

( ) n n+r
2.27 S pi;ts + 8 kypsty =0
o B R e
where
= \2
Ugj = 3°0/2 0y
Uj =q4 for 1 £1 4n

Uy =84 forn < i & nér

Following Bushaw and Clower's arguments, the condition de-
fined by (2.22), (2.23), (2.25), and (2.26) is called an
equilibrium or opfimal plan. Consumefs' equilibrium is then

defined by the further condition that
(2.28) gi-hi=o ; i=l,oo-’ r

which implies and is implied by qi =0 (i=1,...,r). That

is, consumer equilibrium occurs 1if the equilibrium plan
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(Qysevesly 5 B1se-058p) Or equilibrium budget (qi,...,q, 3
qi,...,q%) is such that desired and actual holdings of goods
and assets are equal. Bushaw and Clower argue that the
restrictions in (2.28) appear to be justified since some
quantities of thé asset holdings will be changing over time
unless these restrictions are satisfied.

Suppose the indifference map is such that for a given
combination of prices P; and actual asset holdings hy the

consumer spends his total income y upon an optimal plan

a = (al,'°°’a‘n) _g-l,oo-,gr) as defined by

( ) n _ n+r (_ )
2.29 S p.g. + 8 pik (g -hy) -y =0
| T e ST B SRt S

Ui+Lpi=O ; i=1,...,n
Ui + Lkipi = O ; i=n+l,...,n+l" .

By solving these equations in terms of the Pis hy, and y,
where for the Py i=l,...,n and for the h;, i=n+l,...,n+r,
the respective demand functions for goods for current con-
sumption and for asset holdings are obtained as:

(2~3O) ai = (_il (pl”"’pn’ hl,°°-)hr:y): i=l,...,n

gi = é—i (Pl.v--"pn: hlxc--’hr)y)y

i=n+l,...,n+r

The use of equations contained in (2.30) and (2.22) yield
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—_{=ki (gi-hi);i=l,-oc,r .

(2.31)
Bushaw and Clower show that the demand equations in (2.30)
are homogeneous of order zero in the prices <] and ihcome Ve
What can be sald about the direction of the changes in
optimal quantities q; and Ei resulting from changes in
prices and income? Information on these properties of the
demand functions can be obtalined by direct analogy with the
development of Equations (2.13) through (2.17) relating to
the traditional static theory of demand.' Assuming that the
values of the h;'s and other relevant variables are fixed,
differentiating the equations in (2.29) and (2.31) with

th

respect to the j price, and by substituting and applying

Cramer's rule, we obtain the marginal responses to a change

in the jth price as

591 - -, % Bs1 P,

2.32) /— = - +ql) —/— +L—— +k.L =2
3% _ (. +5.) 3% N By one1 x An+j,n+i
>p; 9 T4y A J A
et N3
° 1 _ Ky o1
d d

where



Pa *++ Pn Pn4l *++ Pnip
—pl Ull » 00 Uln Ul’n+1 s 0 0 Ul,n-i'I’
A _ "'pn Unl TR ) Unn Un,n’l"l e e Un’n+r
Pn41 Un+1,1 te Un+l,n Un+l,n+1 te Un+l,n+r
“Pn+r Un+r,1 s Un+r,n Un+r,n+1 v Un+r,n+r

and Aij is the cofactor. Bushaw and Clower argue that since
the quantities of desired asset holdings, g5, are generally
nonobservable, empirical demand behavior is described by the
marginal responses bai/“bpj and 3ng’apj. The interpreta-
tion of these expressions is quite similar to those given
for (2.14) and (2.17). Bushaw and Clower [19, p. 133]
staté, ... that is to say, purchases of a commodity for
current'consumption may be either a substitute for or a
complement to purchases of the . . . commodity to add to

stocks".

Dynamic Adjustment Theory

The theory discussed thus far like most of the
theoretical literature on consumer demand is of a statical

nature. In such theory the underlying factors are treated
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as given and the demand functions are assumed to apply as of
a gilven situation, i.e., for a given level of income, prices,
and other explanatory variables. When price or one of the
other factors change, the demand functions indicate the
respective changes in the consumers' equilibrium demand
quantities. In empirical applications where the assumed
conditions are relatively stable, demand functions postulated
from static theory provide satisfactory results. Static
demand theory does not provide appropriate results, however,
in analysis directed at the explanation of demand adjustment
processes for changing conditions or where the influence of
consumers' past behavior is important.' This is to be ex-
pected because static demand theory is concerned only with
the determination of equilibrium budgets under different
situations and not with the processes by which the equi-
librium demand quantities are approached or attained. The
passage of time 1is ignored in such theory because by de-
finition the individual's adjustment to a change in price

or other explanatory factors is completed within the defined
budget period of time.

The consideration of time In demand analysis has at
least two implications for the demand functions. First,
when prices or income fluctuate over time the consumers' de-
mand pattern may be influenced by anticipated as well as

current values of these variables. In such cases
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consideration must be given to the probiem of uncertainty
and questions relating to the nature of the individual's
expectations as well as to how they are formed. The second
implication is concerned with the effects that differences
in the length of the time period have upon the elasticities
of the demand functions. It is generally accepted in the
theoretical literature that the elasticity of demand for a
good increases as the time period is extended, however, only
vague distinctions have been made about the differences be-
tween short-run and long-run demand functions and their
respective elasticities. It is only in the past few years
that attention has been directed at the theoretical con-
siderations underlying such differences and that studies
have been designed and directed to obtain quantitative esti-
mates of short-run and long-run elasticities of demand. The
purpose of this section is to briefly outline the basic
hypothesls and theoretical considerations underlying the
study of long-run elasticities and to discuss some of the
estimation procedures suggested for use in obtaining quanti-
tative estimates of short-run and long-run demand

elasticitiles.

Definitions®

When the influence of time is explicitly introduced in

@The thesis presented in this section is based on the
arguments of Ladd and Tedford [77].
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demand analysis, it is necessary to turn to dynamics. In
dynamic systems values of the variables are partly or wholly
determined by the past behavior of the system. 1In a static
system, on the other hand, the variables are determined by
values of other variables in the system during the same time
period. The relation between statics and dynamics is often
expressed in terms of the adjustment period of a variable
relative to its equilibrium position. Static demand theory
represents a limiting case in dynamics where the equilibrium
demand quantities are so sensitive to changes in the ex-
planatory variables that the adjustment process is in-
stantaneous, i.e., the time rate of change 1s infinite.

Due to the infinite time rate of change of the consumers!
reactions in static theory, the passage of time can be
ignored.

The estimation of long-run elasticities presupposes a
model specified in line with dynamic economic theory as
determining the variables behavior through time. The basic
hypothesis made in models employed in the study of long-run
demand functions and their elasticities is that there is a
perceptible lag in the consumers' adjustments to changes in
price, income or other factors. This means that the con-
sumers do not adjust immediately from one equilibrium posi-
tion to another when an explanatory variable changes, i.e.,

the time rate of change is finite. The hypothesis that the
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complete adjustment could be spread out over time appears
reasonable in that institutional and technological limita-
tions, consumers'! ignorance, uncertainty and similar factors
may prevent the consumer from increasing his satisfaction

at the greatest rate over time. For example, lags may occur
in the consumers reaction to a change in price when:

(1) habit plays an important part in the decision process
and time is required before consumers can appraise the change
and completely adjust thelr budgets; (2) some consumers are
unaware of the change and this prohibits the adjustment from
being completed within the defined budget period; (3) the
consumption of a good requires complementary goods§ (4) the
good is a stock and must be worn out before the consumers
shift their consumption patterns; or (5) debts incurred in
the past prevent changes in current bddgets.

The difference between hypotheses concerning the con-
sumers' adjustment processes underlying static demand
functions and long-run demand functions is shown for one
good in Figure 1. To simplify the exposition, suppose there
are no changes in income and prices other than the one in
question. Further assume that this price is exogenous. The
time path of price is represented in Figure 1 by the solid
line py. In this case it is assumed that price has been
constant long enough previous to pefiod t = -1 so that the
consumers'® adjustment to this price level has been com-

pbletely worked out. Between periods -1 and 0, pt increases
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and then remains constant at the new level for all periods
t 2 0. The course of equilibrium demand quantity over time
is represented by the solid line labelled q which indicates
that the equilibrium level changes simultaneously with
price. If the consumers'! adjustment to the change in price
is completed immedliately, the path of actual consumption
will coincide with the time path of g. If the consumers'
adjustment is not completed immediately but spread out over
n + 1 time periods as assumed in Figure 1, the course of
actual demand quantity would be represented by a curve
similar to the dotted line gq.. When the new equilibrium
level is stable, the actual quantity demanded will approach
equilibrium gradually over time. As illustrated in Figure
1, it 1s considered that by period n the difference between
actual demand quantity and equilibrium demand quantity is
so small that little error is introduced by assuming the
total change in actual demand quantity from period -1 to
period n is equal to the change in equilibrium demand
quantity over the same period.

The hypothesis that there is a perceptible lag in the
consumers! adjustment to a change in price can be represented
analytically as

(2.33) qt = £(Pys Pr_ysee-sPpop)

or by the linear aspproximation
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(2.3%4) Qg =a +agPy +aPgoy * ... + B DL

where current demand quantity dg 1is expressed as a function
of current and lagged prices. This formulation indicates
that the current level of demand quantity is composed of

the consumers! adjustment to current price and of adjustments
to prices existing in past periods. Equation (2.34) provides
an approximation of the consumers! adjustment process over
fime to the price change as the consumers' reaction is re-
flected by the coefficients associated with the respective
prices. This can be shown by following the arguments of

Ladd and Tedford [77, pp. 223-226] and by use of the case
postulated in Figure 1. To simplify the presentation the
units of measurements are so chosen that Py =0 for t < -1
and Py = 1 for t > 0. Assuming that demand can be repre-
sented by a function linear in arithmetic values of current

and past prices

For the postulated situation the initial level of demand

guantity 1s given by

(2.35) ., =a +agp_, =a .

Writing only the nonnegative terms in the equations for

t > 0 we obtain
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(2.36.0) dy = a + agPp = a + ag

(2.36.1) q, =a +agp, +a,pg=2a +a

(2.36.2) @ = a + agPp + 8;P; + 8Py =a +a; +a; +ap

(2.36.n) aq, =a + agp, +a,p L -

The change in demand quantity qi from the initial level to
some time perlod 1s obtained by taking the relevant differ-
ence. Defining iji = X4 = xi—j 3 J > 1, the quantity change
from period -1 to period O is Alqo = apA'pg. Likewise, the
quantity change from period -1 to period j is Aj+lqj =
SasA'pg 3 1 =0, 1,...,].

By taking the relevant differences with respect to the
relative change 1n price between period -1 and period O we

obtain
(o.37) 0
2.37 = a
| 3 ALPO 0
A2
Bla +a

Alpo 0 1
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The coefficient ap indicates the relative change in demand
guantity with respect to the relative change in price between
periods -1 and O. Likewise, the coefficients ap + a; relate
the relative quantlty change between period -1 and period 1
to the relative change in price occurring between period -1
and period O. When it takes n '+ 1 time periods for the
consumers' adjustment to be completed, the sum of the coeffi-
clents, Say 3 1 = 0,...,n, indicate the relative change in
demand quantity over this perlod relative to the price
change between periods -1 and O. Although the above
discussion applies for a situation where it 1is assumed there
is only one change 1n price, the same conclusions can be de-
rived whether we assume a once-for-all change or continuous
changes in price.

The concept of elasticity is often used in demand
analysis to indicate the consumers' response to changes in
price, lncome or other factors as elasticities are inde-~
pendent of the units of measurement. The price or other
factor elasticities of demand are defined as the partial
derivative of the logarithm of demand quantity with respect
to the logarithm of the respective factor. Following this
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definition the price elasticity of demand is

blog qt _ 3qt b

dlog py 3Py Q

(2.38)

Applications of this definition have generally followed
classical static theory where the influence of time is
ignored.

When time is explicitly specified in the demand function,
the definition of elasticity as given in (2.38) is too
general. Considering the definition of the demand curve as
the locus of equilibrium demand quantities, it is possible
to restate the definition of elasticity as the partial
logarithmic derivative of equilibrium demand gquantity with
respect to the relevant explanatory variable. This defini-
tion is in keeping with the equllibrium nature of static
demand theory. Using this definition and the notation of
Figure 1, the price elasticity of demand is

3log q q
(2.39) e %
- dlog Py AP q

which indicates the response in equilibrium demand quantity
to a change in its own price. The equilibrium quantity
refers to a point on one of the family of static demand
curves as defined in Equations (2.9) and (2.10) under the
static theory discussed above. | |

By use of the definition underlying (2.39) and assuming



45

the new equilibrium is stable and it takes n + 1 time periods
for the consumers to completely adjust to the change in

price, the long-run elasticity is

04 p p
dP¢ q q

i
w
N

H

(2.40) e,p =

The specification given in (2.40) follows from the discussion
presented earlier where it Was argued that the sum of the
coefficients, Sa;, i=0,1,...,n, associated with the current
and past prices provlde an approximation of the consumers!
ad justment process over time to the change in price. That
is, [77, pp. 22L4-226] if the new equilibrium level ab is
stabie, actual demand quantity qi will approach ab gradually
over time. After n + 1 perlods gy will equal ab, or will be
so close that little error is introduced by assuming them

to be equal so that change in actual demand quantity from
period -1 to period n will equal the change in the equi-
librium demand quantity from period -1 to period 0. The
change in actual demand quantity will be Sai, i=0, 1,...,n
and in accordance with the previous definition the long-run

elasticity is (2.40) as

(2.40) 22
2.40 = ' = :
. © P

po = p_l q
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where q; = q = q, and q_, = q_,.

The use of the above arguments enable one to obtain
elasticities of demand for the time period to which the con-
sumers! reaction relates. For example, in the situation
postulated in Figure 1 and from Equation (2.34), it follows
that the first period elasticlty of demand for the price

change between periods -1 and O is

dlog qg
(2.41) e, = =

p
A —————— bt — a . anm————
. dlog pp 0 q

The elasticity of demand for the first two periods is

dlog q,

p
blog po = ‘ao + al) q

(2.42) e, =

which relates the consumers' reaction over the first two
periods to the price change between periods -1 and 0. Price
elasticitles may be obtained for longer periods of time so
long as the coefficients assoclated with the relevant lagged
prices are non-zero in value.

Defining the short-run response as the contemporaneous
change in demand quantity associated with the change in
price, the short-run price elasticity of demand is

d log qy P

(2.83)  Cor = YTz pp % 4

Estimates of short-run elasticities obtained from Equation
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(2.43) may not be unique as Nerlove [95, p. 304] states,
", . . the short-run elasticity differs depending on the
position from which we start and the length of time we allow

for adjustment"”.

Procedures for estimating long-run elasticities

It was mentioned above that estimates of long-run de-

mand elasticities can be obtained from equations such as
(2.3%) qy =a +agpg + @,Dgoy t -o. + 8 PLp,

when the relationships are properly formulated. That is,
long-run demand elasticities may be estimated from equations
where demand quantity is specified as a function of a variable
taken with a distributed lag. Nerlove [94, p. 307] states,
. « the formulation of economic relationships

containing distributed lags is related to the

problem of formulating meaningful relationships

among variables we can observe, and the problem

of estimating distributions of lag is really

the problem of estimating long-run elasticities.
Following the arguments and definitions presented earlier
we find that the problem is one of estimating the series of
non=-zero coefficients assoclated with current and lagged
values of the relevant explanatory variable.

Nerlove [94, pp. T7-8] mentions three general approaches
that can be employed in estimation: first, make no assump-

tions as to the form of the distribution of lag and estimate

the coefficients for an equation such as (2.34) directly;
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second, make an assumption as to the form of the distributed
lag and estimate the relevant parameters; or third, develop
a dynamic model where the varilous causes assumed to bring
about rigidities in consumers' behavior are explicitly
introduced.

The first approach provides unsatisfactory results when
the consumers' adjustment is spread over many time periods.
Estimates for many coefficients in an equation like (2.34)
are subject to wide errors due to such problems as aﬁto-
correlation, multicollinearity, and the small number of de-
grees of freedom. The second approach reduces the number of
relevant parameters and probably eliminates some of the
statistical problems. Specification errors may arise in
the second approach due to the arbitrary nature of assump-
tions introduced to approximate the time path of consumers!
behavior. The use of different assumptions leads to differ-
ent estimation procedures. In the third approach estimates
of long-run elasticities are obtained from the behavioral
or reduced equations where different factors are assumed to
cause the rigidities in consumers' reactions. Specifica-
tion errors may also arise in this approach. This section
outlines some of the specific procedures that have been
suggested for use in estimating long-run elasticities of

demand.
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Koyck procedure

Koyck argues it might be expected that hindrances caus-
ing the lag in consumers' adjustments will be gradually
overcome and that the effect of the change in price or other
variables will decrease as the time of the change recedes
further into the past [70, p. 12]. To reduce the number of
coefficients to be estimated and some of the statistical
difficulties he assumes that from some period i = k the
series of coefficients a; assoclated with the relevant

variable follow a converging geometric series
(2.44) ak+l =2 ak

where O < r < 1. That is, the coefficients are assumed to
decrease by a constant proportion.

Substituting (2.44) into demand Equation (2.34) for the
hypothetical case ﬁhere k = 0 and price increaées from a
constant level py = O for £ £ 0 to a new level pt = 1 for
t >0, it follows that

Il

(2.45)  a¢

a -+ aopt + aorpt-l -+ aorzpt_z T eene

a + aosript_i; 1 = O,l, s 0 e e .

In Equation (2.45) demand quantity is expressed as a function
of a series of geometrilcally weighted prices. The consumers!

adjustment to the change in price is approximated by
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i l-I’t .
=ao 1—I' ; l=0,1,noo,t

aoSr

The new level of equilibrium demand quantity is

_wt
(2.46) qg= limgy = a + lim a
: t->oot ) Ol'r
or q = a + 20
e=avy

To further simplify the problem of estimating the series
of coefficients, a reduced equation is derived in the follow-
ing way. Consider Equation

(2.45) aqp = a + agpg + aQTPy_, *+ aorapt_2 + e

Lagging (2.45) one period and multiplying by r yields

(2.47) rgp_, = ar +agrpp_; + agripy_, + ...
Subtracting (2.47) from (2.45) we obtain

(2.48) qQp = TQg_, = a(l-r) + agpg

or
(2.48.a) ag = a (1-r) + agpy + rai_;

which provides the coefficients ay and r needed to obtain
estimates of the price elasticities of demand and the con-
sumers' speed of adjustment.

From the definitions presented earlier and Equation
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(2.45) or (2.48.a), the short-run price elasticity is
ag P/q. Uﬁder assumption (2.44) the long-run consumers' re-
action to the price change is ap/l-r if 0 < r < 1. From
Equation (2.40) and the above arguments, the long-run price
elasticity is

(2.49) = . — .

: l-r a
That (2.49) is the bng-run price elasticity can be illustrated
in another way. At the new level of equilibrium q¢ = q4{.; =
q. By adding Tq¢., to and subtracting s PR from both sides
of Equation (2.48) or by merely subtracting q4., from both

sides of (2.48.a), we obtain
(2.50) &Agqy = q¢ - 94, = & (1-v) +agp. - (1/7) gz,

When equilibrium is attained Agy = O, q¢_, = q, and it follows
from (2.50) that

(2.51) (1-r)q = a(l-r) + anPt
. ) .
qa=a+7., Py
which 1s equivalent to Equation (2.46) at the new equilibrium
level where it is assumed that py = 1. By taking the
logrithmic derivative of q with respect to pt in (2.51), we
obtain (2.49) as the long-run price elasticity of demand.

In addition to the estimates of long-run and short-run
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elasticities, it is also possible to obtain an approximation
of the consumers! speed of adjustment. Let the distance be-
tween q¢, the level of demand quantity at period t, and a,
the new level of equilibrium demand quantity, be represented
by di. By use of Equations (2.45) and (2.46) and the

approximation

N 1-p?
aOSI’ = ao l -p ’

the distance 1is represented by

aort

(2.52) dy = Q- 9 = 73

By taking the first difference Aq. ., from Equation (2.45) and

by use of the approximation for aOSri, we obtain

ag  agrt™t
(2.53) Bagy, =dg, -9 =2+ 7. " Tin
a a Pt agr’
0 0 0 t
- + - = - =
(e + 77 - 7% = 3 (1) = a7

where Aqt+l represents the change in demand quantity between
time periods t and t+l. Substituting (2.53) into (2.52)
yields

(2.54%) Bag., = (1-r) dg 5 0 &r <1

indicating that the consumers! adjustment between period t
and t + 1 is proportional to the distance of demand quantity

at period t from the new level of equilibrium demand quantity.
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The speed of the consumers' adjustment to the price change is
represented by (1-r). When r = O the new equilibrium level
is attained in one time period whereas when r — 1 numerous

periods must pass before the new equilibrium will be attained.

Nerlove procedure

Nerlove indicates that results similar to Koyck's can
be derived from dynamic models based upon different assump-
tions as to the cause of the lag in adjustment [95, pp. 1l4-
46]. Although numerous dynamic models can be formulated,
Nerlove considers two general classes in which he distinguishs
between causal factors grouped according to (1) those of an
institutional or technological nature and (2) those dealing
with uncertainty about the future. |

In the dynamic models where institutional or technologi-
cal factors are considered to generate the distributed lag
it is assumed that the consumers' expectations about the
future values of explanatory factors are static in nature.
That 1s, a change in price or other factors is expected to
be permanent so that only one equilibrium demand quantity is
uniquely determined for the given situation. Following the
arguments of Nerlove if all prices other than the price of
the good in question are held constant, the long-run demand

function can be approximated as

(2.55) at = a + aopt + boyt



54

where Et is the new level of equilibrium demand quantity re-

sulting when the situation in period t prevails indefinitely.
As mentioned earlier the relation between short-run

and long-run demand functions depends upon the assumptions

introduced in approximating the course of demand quantity

over time. Nerlove argues that the shape and form of the

time path is determined by the type of existing institutional

or téchnological rigidity. The nature of such time paths

can be represented by the differential equation

dq —
(2.56) 7 = ¢ (8 [ag - agl

or by the difference equation

(2.57) A = Qg =T (g - ap-y]
where r(t) is a constant r.

To derive the demand function with a distributed lag,
let aé be a function of time. By solving (2.57) for qt in

terms of g we obtain

t
. -
(2.58) I = 8 r (1-r)" ay_y
‘ 1=0 ‘
when period O relates to the distant past. The sum of the
weights equals one if 0 £ r 4 1. Substituting Equation

(2.55) in (2.58) we obtain
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+ b

I

V1!

t .
i
(2.59) s i r(l-r) [a +tagp,

A
v

a* + ag iSO r(l-—r)ipt_i

t 1
+Dbg S r(l-r)

y
1=0 t-1

as the long-run demand function which has a distribution of
lag similar to that assumed by Koyck. In this case the same
distribution of lag applies to both price and income.

To simplify the estimation of long-run elasticities,
Nerlove derives a reduced equation directly from Equations
(2.55) and (2.57). Substituting (2.55) into (2.57) and
édding qt_l‘to both sides of the equation we 6btain the re-
duced equation:

(2.60) qi = ar + anrP, + bory, + (l-r) P

which is similar in form to that derived by Koyck's method
of reduction. From (2.60) the short-run price and income
elasticities are agr p/q and bor y/q, respectively, and the
long-run price and income elasticities are

1-(1-r) ' a and 1-(1-r) ' q '

Dynamic models leading to a distributed lag of an

expectational nature are not as easy to formulate as those
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resulting from institutional or technological rigidities.
Numerous factors may influence consumers' anticipations and
the multi-valued nature of expectations of future prices and
incomes add complexity to the problem. By considering only
that part of a change in expected future prices or incomes
induced by a change in current values of price or income, it
is possible to treat the expectations as being single-valued.
Nerlove [95, pp. 302-3] states,
A meaningful concept of expectations (yet one

which treats them as single-valued) is that of

expected 'normal'! price or income, i.e., the level

about which future prices or incomes are expected

to fluctuate. If changes in expected 'normal’

price or income are induced by changes in current

prices or incomes, simple but meaningful models

of expectation formation may be constructed.

The construction of such models rests upon the follow-
ing arguments. Changes in the current values of price or
income are considered to consist of a permanent component
and a transitory component. The permanent component affects
all expected future prices or incomes whereas the transitory
component affects only some or none. Denoting expected
normal price by p* and expected normal income by y*, changes

t t
in p* or y¥* are induced only by the permanent components of

t t
the changes in current price or current income. The transi-
tory components affect only the deviations about the expected
normal values. The relation between the current value of
price or income and their respective expected normal values

1s introduced through a modification of Hick's definition
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[54, p. 205] of the coefficient of expectations. Following
these considerations Nerlove defines the coefficient of
expectations as the ratio of the change in expected normal
values for a variable between periods t-1 and t relative to
the change in current value expressed as a deviation from

the expected normal value in period t-1. That is

(2.61) pf - pf, =Blp, -3 )
& - * = - *
(2.62) i - vi, = Al v

where B and A are the coefficlents of expectation for price
and income. By treating the change in current value of price
as a deviation from the previous value of expected normal
price, Nerlove argues that B represents the proportion of
the change in current value which is regarded as the
permanent component and that 1-B represents the proportion
regarded as the transitory component.

Supposé all prices other than the price of the good in
question are held constant and assume the demand equation can

be approximated as

2.6 = a + * + D
(2.63)  q; =a +ap +apt+by +byr

where demand quantlity is expressed as a function of current
and expected normal values of price and income. By solving

(2.61) and (2.62) for pz and y; as functions of p. and yy,
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respectively, we obtain

t
i
2,64 ¥* = S B (1-B
and
¢ i
* = -
(2.65) ¥ iio A (1 A) Veoy

where period O is in the distant past. Assume B and A are
constants where 0 £ B <1 and 0 £ A £ 1. By substiting
(2.64) and (2.65) into (2.63), the demand equation is

t
(2.66) q. =a +a.p, +a, S B (1-B)
. v o7t * 1=0 _

t
i

i
Peog

t-1

t-1 .
=a+(ayg+a,B)p, +a, S5 B (1-B)*

Y
l___o t'i

t-1
+ (by + b A) ¥, + b, S
0 = t tic0

A (1-0)" vy
where demand quantity is expressed as a function of current
values of price and income and the series of lagged values
of price and income with a distributed lag. Although the
distribution of lag for each series of lagged values of
price and income is similar in form to that considered by

Koyck, the distributed lags may differ for each variable
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depending upon the values of B and A. The distributions will
be identical only when the coefficients of expectation are
equal.

To further simplify the statistical considerations it
is important to consider the reduced equations. Nerlove
argues that when the lag in consumers'! adjustments are of an
expectational nature, his method of reduction is more direct
than Koyck's and can be applied in certain cases where the
use of Koyck's method of reduction would be extremely diffi-
cult if not impossible. One of the advantages of Nerlove's
method of reduction is that it can be applied to general
demand eguations as well as simple equations where only one
variable is considered. To simplify the solution but at the
same time illustrate Nerlove's method of reduction, assume
that only the price of the good in question is variable and
the demand equation is

(2.67) A = a,P}

where demand quantity is expressed as a function of expected
normal price. Following Nerlove's procedure [95, pp. 26-27],
from Equation (2.61) we obtain the price expectational

equation,

(2.68) - Bpy = -p} + (l-B) P, -

Lagging (2.67) and (2.68) one time period yields
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Bpy_, = -Pf_, * (1-B) P> -

Solving the two equations in (2.69) for pf_, we obtain

(e.70)  pr_ - ko Soma BB den
* ter — -

A a, (1-B) a,
s _ 0
where A, = | % } = q,_, (1-B)
| -Bpg_, (1-B)
a, 0
and A = =a, (1-B) .
) -1 (1-B)

A solution similar to.that obtained in (2.70) for the simple
case under consideration can be obtained directly from the
first equation in (2.69) since the coefficient of Pt o is
zero 1in this equation. Subsbitution of the solution for

1S4 obtained from (2.70) into (2.68) yields

(1-B)
(2.71) P¥ =Bpy + T 9,

By rearranging and substituting (2.71) into (2.67) we obtain

(2.72) At = aprt + (1-B) Qg2

as the reduced equation. All of the information needed to

obtain estimates of the short-run and long-run elasticities
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can be obtained from (2.72).

Generalized Working procedure

Estimates of long-run elasticities from the procedures
described above are based upon the explicit or implicit
assumption that consumers! adjustments are approximated by
a converging geometric series. Working [179, pp. 46-52] has
proposed another procedufe based upon a different assumption.
Ladd and Tedford [77, pp. 226-229] have presented a generali-
zation of the Working procedure which indicates the specific
assumptions implied in the Working procedure.

Suppose the long-run equation is approximated by

(2.73)  ap =a +agpy +a,Pg_; + oo + 2Dp o

To simplify the estimation procedures assume that the series
of coefficients assoclated with the lagged values of price

and income follow the arithmetic progressions

(2.74) a; =a;_, +d=a + (i-1)d ; i

i
N
-
-
=S

and

bl + (J"l)e 5 J

—~
no
-3
N
~
o)
.
i
(o3
+-
(]
il
i
\V
-
-
=

where n and m are finite and may or may not be equal. In
order to obtain estimates of long-run elasticities, equi-

librium must be approached and hence the series of
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coefficlients must converge to zero. If the new equilibrium
levels resulting from a change in price or income are

approached by period n and m, respectively, we would expect

(2.76) ay,, =&, +nd=0
or a, = -nd
and
(2.77) b ., =b +me=0
or b, = -me .

Since n and m are finite and positive in value, a, must be
opposite in sign to d and b, must be opposite in sign to e.
These relationships can be tested statistlcally.

Upon substituting assumptions (2.74) and (2.75) into
(2.73), we obtain

'(2.78.a) Qg =a +ap, +ap,_ +(a +d)p_, + ...

Yy

+ [a, + (n—l)d]pt__n + byy, + b,

-1

+ (b, +e)y,_, + ... +[b + (m-l)ely,

n
S Pys
(2.78.1) g = a + 24P, + na,
S (1-1)
S (i-1) p
n 1o t-i
+d 8 (i-1)
i=0 . n
S (i-1)
1=2



m
= Vo3
+ boyt + mb, "
m
S (§-1) ¥
m = t-J
+e S (j-1) o
=2 5 (3-1)
J: .

(2.78.¢c) aqy =a + agPy + a¥pyy + d¥p. + Doy

+ biyat + e*yut .

In (2.78.c) demand quantity 1s expressed as a function of
curfent values of price and income as well as simple and
welght averages of lagged values for price and income. The
introduction of assumptions (2.74) and (2.75) reduces the
number of parameters to be eétimated and provides all of the
data needed to obtain estimates of short-run and long-run
elasticities.

The respective short-run price and income elasticity
estimates obtained from (2.78.c) are ag p/q and by y/q.

Estimates of the long-run price and income elasticity are

i

n n
(2.79.a) Sa; =ay+na, +dS (i-1)
. i=0 i=2 .

Il

aqg + a¥ + a
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m

b: =b, +mb, +e S (j-1)

(2.79.p)
0d 0 joa

s

Working procedure

The method described above is essentially a generaliza-
tion of the Working procedure. Equations similar in form to
those used by Working [179, pp. 46-52] can be derived by
making additional assuﬁptions about the series of coefficients
and by performing an algebraic transformation upon the re-
sulting equation. _

Iet the demand equation be approximated by (2.73).

Assume the constants d=e=0 and the periods n and‘m are

finite so that from (2.74) and (2.75) we obtain a, = a, =

eeo = a5 and b, =b, = ... =Dby. Substitution of this
assumption into (2.73) yields
n
S p
1=1 t-1
(2.80.a) q; =a + agPy + na; T + DoV
' m
'S yt-J
+ mb J=1
1 m

or

(2.80.0) qp =a +agpy +afpyy + oYy + bV,

where demand quantity is expressed as a function of current

values of price and income and simple averages for the lagged
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values of price and income. From (2.80.b) the short-run
price and income elasticity estimates are ag p/q and by y/q.
The long-run price and income elasticities are (ao + aﬁ) p/a
and (by + b¥) y/q.

Working does not estimate an equation such as (2.80.b).

By performing a transformation, Equation (2.80.b) becomes

which is similar in form to the equations estimated by
Working. He estimates the long-run elasticities directly
from the coefficients associated with the simple averages

of price and income.

Variable Preferences and Lagged Consumption

The concept of long-run elasticity of demand outlined
above is based upon the hypothesis that there is a perceptible
lag in the consumers' adjustment process for a change in
price or other explanatory factors. The existence of long-
run elasticities also depends upon the assumption that coﬁ-
sumers'! preferences remain fixed over time. As mentioned
earlier, equations such as (2.49), (2.60), (2.72), (2.78.c),

or (2.80.b) can be used to test the long-run elasticity
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hypothesis and to provide approximations of long-run
elasticities of demand when the necessary assumptions are
satisfied. Ladd [73, pp. 13-23] shows that these equations
can also be derived and used to test a different hypothesis,
namely, that consumers' preferences for a good change over
time. The fact that equations such as (2.4%9), (2.60), etc.,
can be used to test two extremely different hypotheseés
ralses a dilemma and points out some of the limitatilons of
existing techniques for dealing with the dynamic aspects of
demand.

Ladd (73, p. 13] states,

This alternative derivation is also pertinent

to the problem of the 'contrast between the care-

fully elaborated theory of the influence on demand

of income and prices in a static situation and

the extreme vagueness about the way in which

changes in tastes and habits affect consumers!

behavior'?t.
This contrast may in part be due to the fact that existing
economic theory treats the parameters ©; 1in the consumers'
utility function u = u(q,,...,q4)3 ©;,...,8,) as being
given. Economists generally consider that the study of the
determination of these parameters lies outside of their
domain.

In an attempt to account for changes in tastes and

habits in consumer behavior, some analysts have used first

This portion of the quotation is a direct quotation
from Stone [113, p. 272].
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differences or introduced time [601, (97, p. 10091, [176, pp.
240-242]. It can be argued that the use of lagged demand
quantity is an alternative to the use of time. The purpose
of this section is to present Ladd's arguments and to dis-
cuss the thesis that lagged demand quantity is an alterna-
tive for the use of time on the trend problem in demand
analysis.

Ladd shows that existing demand theory can be general-
ized to cover the study of the influence of changes in
tastes, habits, and other long-term variables upon consumers!
behavior. This extension is made by introducing additional
assumptions and variables into the Paretoan preference
function approach. Following the arguments of Duesenberry
[30, Chaps. 2 and 3] and Clark [21, pp. 347-353], Ladd
claims that the preference system of a consumer is influ-
enced by a trial and error or learning process which depends
upon his own and other consumers' experiences. He [73, p.
16] states,

Whenever one's experiences show him that a
particular commodity is more or less satisfactory

than he thought it would be when he bought it,

his preferences have been altered by experience.

A cumulative and systematic shift in preferences

could result as greater satisfaction leads to

greater use, leading in turn to greater satis-

faction, and so on.

These arguments are introduced into the theory by assuming

that the parameters ©; in the consumers' utility function

depend upon previously attained consumption levels of the
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consumer and of other consumers he has observed. That is,

(2-82) ei = ei (qg-l’ qs_ax see Q%_l, Q%_zx-'-) )

i b l’ooo,n

where qg-j represents the quantity of the ith good consumed

in the previous jth period by the consumer and qé_j represents
the quantity of the ith good consumed during the previous jth
period by others whom the consumer has observed. Assuming

the utility function is continuous, possesses first and

second order partial derivatives and the necessary and suffil-
cient conditions of consumer equilibrium are satisfied, the
demand function and other relevant relationships can be de-
rived by following Basmann's [7, pp. 47-58] analysis.

In order to illustrate the influences of changes in
preferences upon the adjustment process of consumers, Ladd
proceeds in the following manner. The concept of long-run
elasticity depends upon the existence of a stable equilibrium.
The two conditions required for stable equilibrium are:

(1) the point which actual demand quantity moves toward and
which would ultimately be attained, and (2) absence of
further changes in the given situation, i;g., the assumption
of ceterius paribus which implies that there are no changes
in tastes. If the consumers' preferences for a good or for
closely related goods vary, the consumers' equilibrium

positions will also vary. The direction and magnitude of
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the changes in equilibrium positions will differ when differ-
ent factors are assumed to bring about changes in preferences.
These differences have particular significance for the
stability conditions of the new equilibrium positions, and
therefore affect the way in which they can be treated in the
analysis. Ladd argues that when changes in preferences re-
sult from the introduction of a new product, an lmprovement
in old products, or some other factor exogenous to the con-
sumer, the new equilibrium position may be treated as being
stable. Analysis of changes in equilibrium demand quantities
resulting from these changes can be handled in the same way
as changes in equilibrium demand quantities brought about

by a once-for-all change in price or income if the two re-
quired conditions are satisfied. When, however, the con-
sumer's preference for a good 1s altered through his own and
others learning experiences as specified in (2.82), the two
required conditions for a stable equilibrium‘are not satis-
fied.

The influence on equilibrium demand quantities of
changes 1n preferences due to the consumers! learning process
is illustrated by use of Figure 2 where Py represents the
price of the good in question, a& represents equilibrium
demand quantity and di represents actual demand quantity.
Prices for all other goods and income are assumed to remain

fixed. Suppose Pg decreases in period t = 0 and remains
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fixed at the new level for all periods where t > 1. Further
suppose q. changes simultaneously from gy to the new equi-
librium level El as a result of the price change. Applying
assumption (2.82), as q; moves toward q, the consumers'
preference éystem shifts and hence El is no longer the rele-
vant equilibrium level., Position aé represents the equi-
librium level associated with the situation prevailing at
period t = 2. If the consumer's preference system continues
to change as a result of his learning experiences, then as
ai moves for g, to g, we find that g, is not a stable
equilibrium position. Ladd [T74, p. 19] argues that in such
cases when the satisfaction of condition (1) causes the
violation of (2) it cannot be meaningful fo call El and E;
equilibrium lévels of consumption. Likewlse the argument
against calling Eg an equilibrium 1s that the previous viola-
tion of condition (2) is required for the satisfaction of
condition (1). Siﬁce the positions commonly referred to as
equilibrium levels in cases of a once-for-all change in
price, income, or other explanatory variables cannot be con-
sidered as equilibrium levels of consumption in cases where
the self-generating process continues to change the con-
sumers'! preferences, there is no long-run elasticity.

The following models are employed by Ladd to clarify
the significance of his arguments and to derive the relevant

relationships. Suppose equilibrium demand quantity is



determined by
“ o = 1
§2.85) qp = a' +bipy + iy,

and actual demand quantity 1s determined by

t t
(2.84) qy =a + S bypp_g4 + S e3¥g_g + (1-r) ay
~ i=1 i=1 :
t t
Qr = a¥ + baPy + S bibe s +Ca¥e + S CLy,
t oPg * 2 PiPrer T %oV F 0 GV
* = ! - = b! - = ¢! -
where a a + a ‘1 r), bO bO gl r), and o = ¢} (l r).

If equilibrium demand quantity is stable, long-run
price and income elasticities exist and estimates can be ob-
tained. Following the discussion of Koyck's procedure
assume that the series of coefficients follow a converging

geometric progression; i.e., by = rbi_l and ¢, = re for

i i-1
all i =1, 2,..., T where -1 £ r £1. By introducing this
assumption into (2.84) and applying Koyck's method of re-

duction we obtaih

(2.85) qy = a* (l-r) + bopy + CoVy + Tdp_,

which provides all of the coefficients needed to obtain
estimates of the long-run elasticities. The long-run price
and income elasticities are given by

q b
(2.86) o9 _ 0 p

6 = =D
Py 1-r q

. P
0 aq
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and

aa% Co ¥
3¥¢ 1l-r a

Ser
q

respectively, when the equation is linear in arithmetic

values. The existence of such elasticities depends upon the

realization of conditions discussed in section (2.b.).

Ladd shows that the stable level of equiliﬁrium demand
quantity can also be derived from (2.85) by use of differ-
ent arguments. By fixing the pricé and income variables in
(2.85) at the stationary levels p, = p and y. = y we obtain

i

(2.87) gy = a* (l-r) + boﬁ + co§ + rq, .

q = w o+ rq,_,

where actual demand quantity is generated by the previous

levels of actual demand quantity. That 1is, Equation (2.87)
is a first order autoregressive process. Representing the
initial level of actual demand quantity as dg» the general

solution for qy 1s

w(l+p2+ ... +2°7L) 4 ptq

(2.88) at 0

t-1
-, 1l-r
(

t
W _—T:E_—) + r7q, .

The equilibrium demand quantity is
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(2.89) aé = lim q
A t >
t-1
— l-r t
= 1lim [w ( ) + r°qy]
t—;oﬂ l-r 0
_ W
T 1l-p
=a P T1p

and is stable if -1 < r < 1.

Iet us now conslider changes in the consumer's prefer-
ences for a good which are assumed to be induced by the con-
sumer's consumption experiences in past periods. That is, w
suppose the parameters ei depend upon consumption levels
attained in the previous period by the consumer so that equi-

librium demand quantity is approximated by
(2.90) qp = a' +bip, +cedye +dla ;-

Obtaining q;_  from (2.84) and substituting into (2.90)

yields
_ t
(2.91) q = (a' + déa) + bApe + df 122 DDy 4
t —
1 ! -
+ely, + do iigciyt‘i + dé (1 r')qt_l .

Assigning stationary values for p, = p and y; = ¥, collecting

the constants and letting them equal v, (2.91) becomes
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(2.92) A =V + ag (1-r) aé-l .

let dé (1-r) = K and introduce the initial conditions so that

we obtain the general term

On the basils of these equations Ladd argues that the posi-
tions a% cannot be interpreted as stable equilibrium posi-
tions so long as preferences undergo self-generating changes.
Due to the presence of e, in (2.90) the movement of actual
demand quantity q toward q brings about shifts in the
equilibrium demand quantities, i.e., the satisfaction of
condition (1) causes condition (2) to be violated. Ladd [73,
p. 21] states,
. « during each time period actual consumption
) is_approaching a different ‘equilibrium!’
5e1 (G;) and this level changes over time in
response to previoug movements of qi toward
previous levels of_g. Equation (2.93) shows
that the level of q¢ goes on changing indefinitely
even though prices and income remain constant.
Equation (2.90) shows why it was previously stated
that g4+ could not be considered as the equilibrium
level defined in our static theory. ?2 93)
Qi continues to vary as t -><° . 1In reallty
cannot go increasing or decreasing indefinitely.
It appears reasonable to assume that the effects of the con-
sumer's learning process will gradually decrease with the
passage of time especlally when dealing wilith one good.
In empirical analysis only data on the actual demand

quantities are available. To test the hypothesis of a
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self-generating change in preferences, the hypothetical de-
mand equation should contain actual demand quantity lagged
one or more periods. The relevant equation to use in per-
forming this test can be derived from equations (2.84) and
(2.90). Substituting (2.90) into (2.8%4) yields

t
{2.94) a, = [a + (l-r) all] + {l-r) bip, + S1 biDy_y
t
- ! - 1 .
+ (l r) cly, + iil CyVe_g * (l r) doqt—l

By fixing stationary values for P = 5 and Vg = Yy we obtain

t
(2.95) qp =a* + [(1-r) b} + S Dbyl p
: ‘ i=1
t —
+ [(l-r) ¢t + S ¢ + (l-r)dt
[( ) 0 101 i] v ( ) Oqt-l
or dy = a% + b¥p + Xy + Kq,

which is similar in form to (2.49), (2.60), or (2.72).

The hypothesis of self—generatihg changes in preferences
can be tested by testing the significance of K, the coeffi-
clent associated with the lagged value of actual demand
quantity in (2.95). If K is significantly different from
zZero we would accept the hypothesis of a self-generating
change in preferences. Following Ladd's arguments, such
changes 1in preferences would invalidate the stability

conditions and hence we would reject the existence of a
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long-run elasticity. If, however, the coefficients associlated
with the lagged value of demand quantity in (2.49), (2.60),
or (2.72) are significantly different from zéro, we would
accépt the long-run elasticity hypothesis. That is, finding
significant values for the coefficients associated with the
demand determining variables and demand quantity lagged one
time period enables the acceptance of two contradictory
hypotheses.

This dilemma appears to have particular significance
for forecasts or predictions in policy formulation especially
where judgments have to be made about the cause of changes
in the situation. Ladd [73, p. 22] states,

A price or income elasticity estimated from

a situation where self-generated preference changes

follow a price change, will certainly over-state

the response to any price change made in a later

period when preferences have become constant.

The problem is that we do not know when the equilibrium posi-

tion is stable or not.
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ECONOMETRIC MODEL AND EMPIRICAL RESULTS

General Considerations Underlying the Model and
Classification of the United States'! Economy

As pointed out earlier, this study attempts to describe
certain aspects of consumer behavior by postulating and test-
ing different hypotheses about consumers' response over time
to changes in certaln economic variables. In the process
of verifying the hypotheses, it is necessary to obtain esti-
mates of parameters in the postulated demand equations and
approximations of short-run and long-run elasticitles. The
choice and usefulness of the method of estimation and of
the test for each hypothesis necessarily depend both on
the existing observational data and on the assumptions made
about the process generating the observations. These
assumptions represent the statistical specifications and
their choice is particularly difficult when applying
statistical analysis in economics [69, pp. 113-126].

It is seldom possible to use designed and controlled
experiments in economic investigations, and therefore, the
investigator must choose a specification that is reasonably
consistent with the process generating his data in the real
world. Koopmans and Hood [69, p. 115] argue that the
statistical specifications must be derived from information

or assumptions concerning the underlying economic structure,



79

especially when the immediate or ultimate purpose of statisti-
cal estimation is to serve as a basis for predicting the
effects of given changes in the structure. An econometric
model has to be constructed, therefore, to represent the
mechanism assumed to generate the observations. Hildreth
and Jarrett [55, p. 6] state,

In the language that has been developed to

consider statistical analysis of economic rela-

tions, the process by which a set of economic

variables is generated is called a structure.

The variables whose values are explained by the

structure are called endogenous varlables whereas

those whose values are determined outside of the
structure are called exogenous. The set of

structures compatible with the investigator's

statistical specification is called a model.

The model can be visualized as a complete set of structural
equations with specifications about the form of the equations
(for instance, their linearity and a designation of the
variables occurring in each equation) and the class of
functions to which the distribution functions of the un-
observed shock or error variables belong.

Although there is no well-defined procedure to follow
when constructing models, the economist can use existing
theories of economic behavior and his knowledge of the
characteristics of relevant economic units or sectors of
the economy as a basis for specifying some of the economic
properties of the model. For example, economic theory and

a priori knowledge provide a basis for specifying (1) the

kinds of equations to consider, (2) the variables to include
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and their classification in each equation, and (3) certain
restrictions to be placed on different types of equations.
Economic considerations, however, do not provide a strong
basis for choosing a particular form for the equations, and
therefore, choice is generally made on the basis of
simplicity or convention. Specifications about the statisti-~
cal properties of the model (i;g., assumptions about shocks
or errors, their relationshib to the economic variables,
their distributions, their serial correlations, etc.)
generally rest heavily upon the assumptions that the
statisticlan feels Jjustified in making because information
relating to the probability distributions and the effects of
the unobserved disturbances is seldom available. For de-
tailed discussions on specifications relating to the economic
and statistical properties of models see [48], [50], [62],
(64], [68], [67], and [69].

The econometric model necessarlly has to be simplified
representation of the real world as it tries to explain
observed facts by postulating plausible behavior for firms
and households under given conditions. The model to be
presented was constructed to describe the aggregate behavior
of economic units, in certain sectors, operating at differ-
ent levels of the food marketing system in the United States.
The model attempts to represent in simple form the under-

lying relationships relating to the production, process-
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distributing, retailing and consumption of the major dairy,
meat, fish, poultry, and fat and oil food products. Aside
from the demand equations postulated to explain certain
aspects of consumers'! behavior, additional structural equa-
tions were specified to complete the system and thus enable
the use of a simultaneous equations method of estimation.

Although the equations and variables are of an aggre-
gative nature, existing microeconomic theory and a priori
knowledge served as a basis for the selection of equations,
the specification and classification of relevant variables
in the equation and for analysis of the macroeconomic
phenomena. The postulated equations are of necessity aggre-
gative in nature. Klein [62, p. 13] states,

. . . there are so‘many individual units in our

economic system that 1t is hopeless to consider

estimating a complete set of equations involving

the variables of microeconomics. As an alterna-

tive, we must sacrifice detailed information and

develop systems of macroeconomic equations which

involve a much smaller number of (aggregative)

variables. It is a very difficult problem to pass

from the theories of microeconomics to the

theories of macroeconomics. The principal

vehicles of this transformation are index numbers

and other similar aggregates.
Possibly one of the major limitations of the model is that
it is highly aggregative and requires complex aggregation.
Many aspects of the aggregation problem and questions of the
relation between micro and macro relationships and theories
are yet unsolved [64] and [118]. Due to problems of

aggregation, the use of a linear model and other simplifying



assumptions, the specifications are at best only approxima-
tions. It is not claimed that real conditions in the economy
are actually or completely described by the model. It is
hoped, however, that use of the model in testing different
hypotheses about consumers'! behavior will provide specifica-
tions which yield a fairly close approximation to the con-
sumers'! observed consumption behavior for specific food
products.

In the model the economy is considered to be composed
of households and firms, and thelr behavior and interaction
in the farm and food product markets are assumed to explain
the way in which certaln observed variables are generated.
Activities of the United States government relating to farm
and food products are not explicitly considered, although
government actions on farm production and food marketing have
become quite important in the post World War II period. To
simplify the construction and description of the model, the
economy was arbitrarily assumed to be composed of five
basic sectors, namely (1) the consumer sector, (2) the re-
tailer sector, (3) the food marketing sector, (&) the non-
food commercial.sector, and (5) the farm sector.

The consumer's sector cdnsists of households which offer
their labor services to all other sectors for income and
purchase goods and services with this income. The house-

holds or consumers are assumed to spend their income upon
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specific food and non-food consumer goods or to save some of
it for expenditure upon food and non-food goods in later
time periods.

The retaller sector consists of all firms that sell food
and non-food products to consumers. The retall firms are
assumed basically to provide retalling services as they are
considered (1) to purchase food and non-food products from
the food mafketing sector and non~food commercial sector,
respectively, (2) to employ labor services from the consumer
sector, and (3) to obtain other factor imputs from the non-
food commercial sector.

The food marketing sector 1s assumed to include all
firms that procure, assemble, process, distribute, import,
and export food products. That is, the food marketing
sector's activities encompass all of the operations involved:
(1) in buying and moving domestic farm-food products from
ﬁhe farm sector, (2) in processing farm products into food
products and maintaining inventories, (3) in distributing
the food products to retailers or other sectors, and (4) in
importing and exporting farm food products. All of the
firms performing these operations are assumed to employ labor
services from the consumer sector and to obtain other factor
inputs from the non-food commercial sector.

The non-food commercial sector is assumed to consist of

all firms concerned with the production, distribution, and
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all other operations relating to non~food products. This
sector was introduced mainly to simplify the model and all
variables relating to the non-food commercial sector were
assumed to be exogenous.

The farm sector is assumed to include all farm firms
producing farm products for food and non-food uses. These
firms are assumed: (1) to purchase farm products required
in the production of a specific farm commodity from other
firms in the farm sector, (2) to employ labor services from
the consumer sector, (3) to obtain other factor inputs from
the non-food commercial sector, (4) to sell non-food farm
products, such as timber, to the}non—food commercial sector,
and (5) to sell farm products disposed of in food product
uses to the food marketing sector. Although in reality some
farmers process farm products and distribute their products
directly to consumers, these activities are considered to
be carried out by the relevant sectors described above.

For purposes of this investigation distinction has been
made among the following 20 commodity groupings: butter,
cheese, evaporated and condensed milk, fluid milk and cream,
other processed dairy products, beef, veal, lamb and mutton,
pork, chicken, eggs, other poultry products, canned fish,
other filsh products, lard, margarine, shortening, other fat
and oil food products, other food products and non-food

products. The consideration of these products necessarily
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represents a compromise where some of the commodity groups
are quite realistic and where other groups represent a lump-
ing together of certain variables and structural relation-
ships that would appear in a more general model. Although
some of the above commodity groupings are necessarily quite
aggregative and their selection arbitrary, they appear
meaningful for the purpcse at hand. Wold [176, p. 108]
states,
. « « the commodities dealt with in demand

theory are regarded as well-defined and distinct.

This, however, is a simplified abstraction such

as 1s met in any theory about real phenomena.

Almost every commodity is the group label of a

more or less vague aggregate of different items

and qualities. In practice, what makes it

realistic to disregard the group character of the

commodities is the general experience that price

changes wilthin an aggregate are approximately

uniform.
Many of the variables in the model, such as demand quantity,
prices, etc., are assumed to have been derived following
Wold's arguments [176, pp. 108-110], [176, pp. 243-244],
For example, the quantity of cheese demanded by consumers
at any given period of time 1s assumed to include all types
and qualities of cheese products and the aggregate quantity
formed by a simple or weighted summation process. The use
of such aggregate groupings as the other food products
group or the non-food product group might be questioned as
the prices for each of the products contalned within these

groupings generally do not experience proportional changes.
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They were introduced, however, to keep the model within
manageable limits. If it should appear desirable to consider
products contained in these groupings, it would be quite easy
to expand the model by disaggregating the commodity groupings
into less heterogeneous product groups and to speclify rele-
vant equations for the redefined products.

Generally, a specific farm or food product can be dis-
posed of in many ways and this adds complexity to their
study. Difficulties arise in part from the diverse nature of
the product and in part from the fact that their price
structure is interrelated with the pricing structure for all
other products. Due to differences in the characteristics
of specific products, the specification of equations and
variables relating to the production, processing, and dis-
tribution for specific products necessarily differs. It
was necessary to make additional assumptions about the nature
of the food marketing sector and to account for some of the
characteristics associated with the production and marketing
activities when specifying equations for the food products
mentloned above. It was assumed that each of the specific
food products, except pork and lard, is handled by a
distinet industry in the food marketing sector. This
assumption was made in order to keep the model relatively
simple. Although in reality one finds that marketing firms

often process or handle more than one line of products,
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direct consideration of multiple product forms would be too
difficult to handle in the present model. The variables re-
lating to a specific food marketing industry were assumed to
have been derived from aggregation over commodities, over
firms, and over different types of marketing functions. For
example, the relevant varlables in the cheese marketing in-
dustry are considered to be composites obtained by aggregat-
ing over various types and qualities 6f cheese products, by
aggregating over firms performing a specific marketing
function and by aggregating over firms performing different
marketing functions. Although the above assumptions are un-
realistic, direct consideration of multiple product firms
raises certain questions about interdependence in the buying
and selling activities of firms as well as assoclated prob-
lems of joint costs. The above assumptions also overlook
problems introduced by differences in the nature of integra-
tion existing at different levels of the marketing system
for different food products. It is questionable if such
problems can be treated adequately with the time series data

available at the present time.

Discussion of the General Econometric Model

In specifying the equations relating to economic units
in the sectors described earlier, it was assumed that the

economic units behave according to some fundamental pattern
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which can be written in equation form. For example, firms
are assumed to maximize profits subject to technological
possibilities and consumers are assumed to maximize their
satisfaction or preferences subject to budgetary restraints.
It was also assumed that some of the equations depend upon
subjective anticipations. Following the arguments of Klein
[62, pp. 13-58], the method of expressing anticipations by
functions of lagged variables plus random disturbances was
adopted to account for the subjective variations.

In the model, all variables are annual time series data
and each is specified for time period t unless otherwise

indicated. The jR

th

endogenous variable is denoted by yj,

the j th

predetermined variable (g;g., the J endogenous
variable lagged r time periods)lby ¥j,t-p and the jth
exogenous variable by zj. The constants Bij’ Aij and Aij
represent the unknown parameters associated with the
respective jth endogenous, Jth predetermined and jth exogenous
variables contained in equation i. As customary, the ug's
represent the random disturbances in equation i and are
assumed to possess the characteristics generally specified

in shock models [69, pp. 117-121], [170, p. 24]. That is,

the unobserved random disturbances uy are assumed to come

from a multivariate normal distribution with zero mean and

a finite covariance matrix and to be independent over time.

The variables Yj,t-r and zj are considered to be exogenous
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in the sense that they are stochastically independent of the

random disturbances ug.

Definitions for the endogenous and exogenous variables

follows:

Y. per capita quantity of
consumers

Yo per capita quantity of
consumers

Vs per capita quantity of
purchased at retail by

Y, per capita quantity of
at retail by consumers

Ys per capita quantity of
at retail by consumers

Vs per capita quantity of
consumers

Yy per capita quantity of
consumers

Vs per caplta quantity of
retail by consumers

Yo per capita quantity of
consumers

Yio per capita quantity of
consumers

Vi1 per capita quantity of
consumers

¥,» ber capita quantity of
consumers

Vis per capita quantity of

at retail by consumers

The endogenous variables contained in the model are as

rutter purchased at retaill by
cheese purchased at retalil by
evaporated and condensed milk
consumers

fluid milk and cream purchased
other dairy products purchased
beef purchased at retail by
veal purchased at retaill by
lamb and mutton purchased at
pork purchased at retall by
lard purchased at retail by
chicken purchased at retail by

eggs purchased at retall by

other poultry products purchased
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per capita quantity of canned fish products purchased
at retail by consumers

per capita quantity of other fish products purchased at
retail by consumers

per capita quantity of margarine purchased at retail by
consumers

per capita quantity of shortening purchased at retail
by consumers

per capita quantity of other fat and oil food products
purchased at retall by consumers

per capita quantity of food products other than dairy,
meat, fish, poultry, eggs, or fat and oil products
purchased at retail by consumers

per capita quantity of non-food products purchased at
retail by consumers

retail price of butter deflated by the consumer price
index

retall price of cheese deflated by the consumer price
index

retail price of evaporated and condensed milk deflated
by the consumer price index

retail price of fluid milk and cream deflated by the
consumer price index

retall price of other dairy products deflated by the
consumer price index

retail price of beef deflated by the consumer price
index

retail price of veal deflated by the consumer price
index

retall price of lamb and mutton deflated by the con-
sumer price index

retail price of pork deflated by the consumer price
index

retail price of lard deflated by the consumer price
index
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retail price of chicken deflated by the consumer price
index

retail price of eggs deflated by the consumer price
index

retail price of other poultry products deflated by the
consumer price index

retail price of canned fish products deflated by the
consumer price index

retall price of other fish products deflated by the
consumer price index

retail price of margarine deflated by the consumer
price index

retail price of shortening deflated by the consumer
price index

retail price of other fat and oil food products de-
flated by the consumer price index

retall price of food products other than dairy, meat,
fish, poultry, eggs, and fat and oll food products de-
flated by the consumer price index

retail price of non-food products deflated by the con-
sumer price index

per capita disposable income deflated by the consumer
price index

aggregate consumer expenditures deflated by the con-
sumer price index

quantity of fluid milk and cream supplied at retail
by retailers

quantity of fluid milk and cream supplied at retail by
the fluid milk and cream marketing industry

wholesale price of butter deflated by the consumer
price index

wholesale price of cheese deflated by the consumer
price index
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Isa
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Yea
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wholesale price of evaporated and condensed milk de-
flated by the consumer price index

wholesale price of fluid milk and cream deflated by
the consumer price index

wholesale price of other dairy products deflated by
the consumer price index

wholesale price of beef deflated by the consumer price
index

wholesale price of veal deflated by the consumer price
index

wholesale price of lamb and mutton deflated by the
consumer price index

wholesale price of pork deflated by the consumer price
index

wholesale price of lard deflated by the consumer price
index

wholesale price of chicken deflated by the consumer
price index

wholesale price of eggs deflated by the consumer price
index

wholesale price of other poultry products deflated by
the consumer price index

wholesale price of canned fish products deflated by
the consumer price index

wholesale price of other fish products deflated by the
consumer price index

wholesale price of margarine deflated by the consumer
price index

wholesale price of shortening deflated by the consumer
price index

wholesale price of other fat and oil food products de-
flated by the consumer price index

wholesale price of animal and vegetable fats and oils
deflated by the consumer price index
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wholesale price of food products other than dairy,
meat, fish, poultry, eggs, and fat and oill food prod-
ucts deflated by the consumer price index

quantity of butter supplied from current production by
the butter marketing industry

quantity of cheese supplied from current production by
the cheese marketing industry

quantity of evaporated and condensed milk supplied from
current production by the evaporated and condensed
milk marketing industry

quantity of fluid milk and cream supplied from current
production by the fluid milk and cream marketing in-
dustry

quantity of other dairy products supplied from current
production by the other dairy products marketing in-
dustry

quantity of beef supplied from current production by
the beef marketing industry

quantity of veal supplied from current production by
the veal marketing industry

quantity of lamb and mutton supplied from current
production by the lamb and mutton marketing industry

quantity of pork supplied from current production by
the pork and lard marketing industry

quantity of lard supplied from current production by
the pork and lard marketing industry

quantity of chicken supplied from current production
by the chicken marketing industry

quantity of eggs supplied from current production by
the egg marketing industry

quantity of other poultry products supplied from
current production by the other poultry product market-
ing industry

quantity of canned fish products supplied from current
production by the canned fish product marketing in-
dustry
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Vos quantity of other fish products supplied from current
production by the other fish product marketing industry
Yso quantity of margarine supplied from current production

by the margarine marketing industry

Va1 quantity of shortening supplied'from current production
by the shortening marketing industry

Va2 quantity of other fat and oil food products supplied
from current production by the other fat and oil food
product marketing industry

Yaa quantity of animal and vegetable fats and olls supplied

from current production by the fat and oil mill process-
ing industry

Vae quantity of food products other than dairy, meat, fish,
poultry, eggs, and fat and oil food products supplied
from current production by the other food products
marketing industries

Vas price received by farmers for milk and cream deflated
by the consumer price index

Vee price received by farmers for beef animals deflated by
the consumer price index

Vg7 brice received by farmers for veal animals deflated by
the consumer price index

Vee price received by farmers for lambs deflated by the
consumer price index

Vas price received by farmers for hogs deflated by the
consumer price index

Vso price received by farmers for chicken deflated by the

consumer price index

Va1 price received by farmers for eggs deflated by the
consumer price index

Vg»  Dprice received by farmers for other poultry products
deflated by the consumer price index

price received by farmers for farm products purchased
by the other food products marketing industries de-
flated by the consumer price index

NEEYS
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price received by farmers and the non-food commercial
sector for raw materials used in the fat and oil mill
processing industry deflated by the consumer price
index

price received for fish at docks and piers deflated
by the consumer price index

quantity of butter held in inventory by the butter
marketing industry at the end of period ¢t

quantity of cheese held in inventory by the cheese
marketing industry at the end of period ¢t

quantity of evaporated and condensed milk held in in-
ventory by the evaporated and condensed milk marketing
industry at the end of period ¢t

quantity of other dairy products held in inventory by
the other dairy products marketing industry at the
end of period t

quantity of beef held in inventory by the beef market-
ing industry at the end of period t

quantity of veal held in inventory by the veal market-
ing industry at the end of period t

quantity of lamb and mutton held in inventory by the
lamb and mutton marketing industry at the end of
period t

quantity of pork held in inventory by the pork and lard
marketing industry at the end of period t

quantlty of lard held in inventory by the pork and
lard marketing industry at the end of period ¢

quantity of chicken held in inventory by the chicken
marketing industry at the end of period t

quantity of eggs held in inventory by the egg market-
ing industry at the end of period ¢t

quantity of other poultry products held in inventory
by the other poultry products marketing industry at the
end of period t

quantity of canned fish held in inventory bty the canned
fish marketing industry at the end of peliod t
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quantity of other fish products held in inventory by
the other fish products marketing industry at the end
of period ¢t

quantity of margarine held in inventory by the
margarine marketing industry at the end of period t

quantity of shortening held in inventcry by the shorten-
ing marketing industry at the end of period ¢t

quantity of other fat and oil food products held in
inventory by the other fat and oil food products
marketing industries at the end of period t

quantity of animal and vegetable fats and oils held in
inventory by the fat and oll mill processing industry
at the end of period t

quantity of food products other than dairy, meat, fish,
poultry, eggs, and fat and oil food products held in
inventory by the other food products marketing industry
at the end of period t

quantity of milk and cream purchased from farms by the
butter marketing industry

quantitj of milk and cream purchased from farms by the
cheese marketing industry

quantity of milk and cream purchased from farms by the
evaporated and condensed milk marketing industry

quantity of milk and cream purchased from farms by the
fluid milk and cream marketing industry

quantity of milk and cream purchased from farms by the
other dairy products marketing industry

quantity of beef animals purchased from farms by the
beef marketing industry

quantity of veal animals purchased from farms by the
veal marketing industry

quantity of lambs and sheep purchased from farms by
the lamb and mutton marketing industry

quantity of hogs purchased from farms by the pork and
lard marketing industry
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quantity of chickens purchased from farms by the
chicken marketing industry

quantity of eggs purchased from farms by the egg
marketing industry

quantity of other poultry products purchased from farms
by the other poultry product marketing industry

quantity of fish purchased at docks and piers by the
canned fish marketing industry

quantity of fish purchased at docks and piers by the
other fish product marketing: industry

quantity of animal and vegetable fats and oils pur-
chased from the fat and oil mill processing industry
by the margarine marketing industry

quantity of butter purchased from the butter marketing
industry by the other margarine marketing industry

quantity of lard purchased from the pork and lard
marketing industry by the margarine marketing industry

quantity of animal and vegetable fats and oils pur-
chased from the fat and oil mill processing industry
by the shortening marketing industry

quantity of lard purchased from the pork and lard
marketing industry by the shortening marketing industry

quantity of animal and vegetable fats and oils pur-
chased from the fat and oil mill processing industry
by the other fat and oil food products marketing
industry

quantity of raw materials purchased from farms and
non-food commercial sectors by the fat and oil mill
processing industry

quantity of farm products purchased from farms by the
other food products marketing industries

quantity of milk and cream supplied from current
production by the farm sector

quantity of fish supplied at docks and piers
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The exogenous variables contained in the model are as

follows:

2

per capita quantity of liquid assets held by consumers
at the end of period t-1 deflated by the consumer
price index

prices paid for factors of production used by retailers
in retailing butter deflated by the consumer price
index

prices paid for factors of production used by retailers
in retailling cheese deflated by the consumer price in-
dex

prices paid for factors of production used by retailers
in retailing evaporated and condensed milk deflated by
the consumer price index

prices paid for factors of production used by retailers
in retailing fluild milk and cream deflated by the con-
sumer price index

prices paild for factors of production used by retailers
in retailing other dairy products deflated by the con-
sumer price index

prices paid for factors of production used by retailers
in retailing beef deflated by the consumer price index

prices paid for factors of production used by retailers
in retailing veal deflated by the consumer price index

prices paild for factors of production used by retailers
in retailing lamb and mutton deflated by the consumer
price index

prices paid for factors of production used by retailers
in retailing pork deflated by the consumer price index

prices paid for factors of production used by retailers
in retailing lard deflated by the consumer price index

prices paid for factors of production used by retailers
in retailing chicken deflated by the consumer price
index

prices paid for factors of production used by retailers
in retailing eggs deflated by the consumer price index
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prices paid for factors of production used by retailers
in retailing other poultry products deflated by the
consumer price index

prices paid for factors of production used by retailers
in retailing canned fish deflated by the consumer
price index

prices paid for factors of production used by retailers
in retailing other fish products deflated by the con-
sumer price index

prices paid for factors of production used by retailers
in retailing margarine deflated by the consumer price
index

prices paid for factors of production used by retailers
in retailing shortening deflated by the consumer price
index

prices paid for factors of production used by retailers
in retailing other fat and oil food products deflated
by the consumer price index -

prices paid for factors of production used by retailers
in retailing food products other than dairy, meat, fish,
poultry, eggs, and fat and olil food products deflated
by the consumer price index

prices paid for factors of production used by retailers
in retailing non-food products deflated by the consumer
price index

wages pald to labor employed in the butter marketing
industry deflated by the consumer price index

prices paid for factors of production other than labor
and butterfat used in the butter marketing industry
deflated by the consumer price index

index of technical productivity for the butter market-
ing industry

cost of holding butter in inventory by the butter
marketing industry deflated by the consumer price
index

wages paid to labor employed in the cheese marketing
industry deflated by the consumer price index
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prices paid for factors of production other than labor
and butterfat by the cheese marketing industry de-
flated by the consumer price index

index of technical productivity for the cheese market-
ing industry

cost of holding cheese in inventory by the cheese
marketing industry deflated by the consumer price
index

wages paid to labor employed in the evaporated and con-
densed milk marketing industry deflated by the consumer
price index

prices paid for factors of production other than labor
and butterfat by the evaporated and condensed milk
marketing industry deflated by the consumer price
index

index of technical productivity for the evaporated and
condensed milk marketing industry

cost of holding evaporated and condensed milk in in-
ventory by the evaporated and condensed milk marketing
industry deflated by the consumer price index

wages paid to labor employed in the fluid milk and
cream marketing industry deflated by the consumer
price index

prices paid for factors of productlion other than labor
and butterfat by the fluld milk and cream marketing
industry deflated by the consumer price index

index of technical productivity for the fluld milk
and cream marketing industry

wages paid to labor employed in the other dairy product
marketing industry deflated by the consumer price index

prices paid for factors of production other than labor
and butterfat by the other dailry product marketing
industry deflated by the consumer price index

index of technical productivity for the other dairy
product marketing industry

cost of holding other processed dairy products in in-
ventory by the other dalry product marketing industry
deflated by the consumer price index
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wages paid to labor employed in the beef marketing in-
dustry deflated by the consumer price index

prices paid for factors of production other than labor
and beef animals by the beef marketing industry de-
flated by the consumer price index

index of technical productivity for the beef marketing
industry

cost of holding beef products in inventory by the beef
marketing industry deflated by the consumer price index

wages paid to labor employed in the veal marketing
industry deflated by the consumer price index

prices paid for factors of production other than labor
and veal animals by the veal marketing industry de-
flated by the consumer price index

index of technical productivity for the veal marketing
industry

cost of holding veal products in inventory by the veal
marketing industry deflated by the consumer price index

wages pald to labor employed in the lamb and mutton
marketing industry deflated by the consumer price index

prices paid for factors of production other than labor,
lambs, and sheep by the lamb and mutton marketing
industry deflated by the consumer price index

index of technilcal productivity for the lamb and mutton
marketing industry

cost of holding lamb and mutton in inventory by the
lamb and mutton marketing industry deflated by the
consumer price index

wages paid to labor employed in the pork and lard
marketing industry deflated by the consumer price index

prices pald for factors of production other than labor
and hogs by the pork and lard marketing industry de-
flated by the consumer price index

index of technical productivity for the pork and lard
marketing industry
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cost of holding pork in inventory by the pork and lard
marketing industry deflated by the consumer price index

cost of holding lard in inventory by the pork and lard
marketing industry deflated by the consumer price index

wages palid to labor employed in the chicken marketing
industry deflated by the consumer price index

prices paid for factors of production other than labor
and chickens by the chicken marketing industry de-
flated by the consumer price index

index of technical productivity for the chicken market-
ing industry

cost of holding chicken in inventory by the chicken
marketing industry deflated by the consumer price index

wages paid to labor employed in the egg marketing
industry deflated by the consumer price index

prices paid for factors of production other than labor
and eggs by the egg marketing industry deflated by the
consumer price index

index of technical productivity for the egg marketing
industry

cost of holding eggs in inventory by the egg marketing
industry deflated by the consumer price index

wages paid to labor employed in the other poultry
product marketing industry deflated by the consumer
price index

prices paid for factors of production other than labor
and poultry by the other poultry product marketing
industry deflated by the consumer price index

index of technical productivity for the other poultry
product marketing industry

cost of holding other poultry products in inventory by
the other poultry product marketing industry deflated
by the consumer price index

wages paid to labor employed in the canned fish market-
ing industry deflated by the consumer price index
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prices pald for factors of production other than labor
and fish by the canned fish marketing industry de-
flated by the consumer price index

index of technical productivity for the canned fish
marketing industry

cost of holding canned fish in inventory by the canned
fish marketing industry deflated by the consumer price
index

wages paid to labor employed in the other fish product
marketing industry deflated by the consumer price index

prices paid for factors of production other than labor
and fish by the other fish product marketing industry
deflated by the consumer price index

index of technical productivity for the other fish
product marketing industry

cost of holding other fish products in inventory by
the other fish product marketing industry deflated by
the consumer price index

wages pald to labor employed in the margarine marketing
industry deflated by the consumer price index

prices paild for factors of production other than labor
and margarine ingredients by the margarine marketing
industry deflated by the consumer price index

index of technical productivity for the margarine
marketing industry

cost of holding margarine in inventory by the margarine
marketing industry deflated by the consumer price index

wages pald to labor employed in the shortening market-
ing industry deflated by the consumer price index

prices paid for factors of production other than labor
and shortening ingredients by the shortening marketing
industry deflated by the consumer price index

index of technical productivity for the shortening
marketing industry

cost of holding shortening in inventory by the shorten-
ing marketing industry deflated by the consumer price
index
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wages paid to labor employed in the other fat and oll
food products marketing industry deflated by the con-
sumer price index

prices paid for factors of production other than labor
and ingredients by the other fat and oil food products
marketing industry deflated by the consumer price
index

index of technical productivity for the other fat and
oll food products marketing industry

cost of holding other fat and oil food products in
inventory by the other fat and oil food products mar-
keting industry deflated by the consumer price index

wages paid to labor employed in the fat and oil mill
processing industry deflated by the consumer price
index

prices paid for factors of production other than labor
and raw materials by the fat and oil mill processing
industry deflated by the consumer price index

index of technical productivity for the fat and oil
mill processing industry

cost of holding animal and vegetable fats and oils in
inventory by the fat and o0il mill processing industry
deflated by the consumer price index

wages pald to labor employed in the other food products
marketing industries deflated by the consumer price
index

prices paid for factors of production other than labor
and farm products by the other food products marketing
industries deflated by the consumer price index

index of technical productivity for the other food
products marketing industries

cost of holding other food products in inventory by
the other food products marketing industries deflated
by the consumer price index

quantity of butter imported during period t by the
butter marketing industry



2100

2101

2302

2303

2104

2105

2106

2107

2308

10¢e

2110

2111

2112

2113

105

quantity of cheese imported during period t by the
cheese marketing industry

quantity of evaporated and condensed milk imported dur-
ing period t by the evaporated and condensed milk
marketing industry

quantity of other dairy products imported during period
t by the other dairy product marketing industry

quantity of beef imported during period t by the beef
marketing industry

quantity of veal imported during period t by the veal
marketing industry

quantity of lamb and mutton imported during period t
by the lamb and mutton marketing industry

quantity of pork imported during period t by the pork
and lard marketing industry

quantity of chicken imported during period t by the
chicken marketing industry '

guantity of eggs imported during period t by the egg
marketing industry

quantity of other poultry products imported during
period t by the other poultry product marketing
industry

quantity of canned fish imported during period t by
the canned fish marketing industry

quantity of other fish products imported during period
t by the other fish product marketing industry

quantity of shortening imported during period t by the
shortening marketing industry

quantity of other fat and oil food products imported
during period t by the ofther fat and oil food product
marketing industry

quantity of animal and vegetable fats and olls imported
during period t by the fat and oil mill processing
industry



ll4

2115

118

2117

118

ils

2120

121

122

123

124

2125

2126

2127

2328

i2s
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quantity of other food products imported during period
t by the other food products marketing industries

gquantity of butter exported during period t by the
butter marketing industry

quantity of cheese exported during period t by the
cheese marketing industry

aquantity of evaporated and condensed milk exported dur-
ing period t by the evaporated and condensed milk
marketing industry

quantity of other dairy products exported during period
t by the other dairy product marketing industry

quantity of beef exported during period t by the beef
marketing industry

quantity of veal exported during period t by the veal
marketing industry

quantity of lamb and mutton exported during period t
by the lamb and mutton marketing industry

quantity of pork exported during period t by the pork
and lard marketing industry

guantity of lard exported during period t by the pork
and lard marketing industry

quantity of chicken exported during period t by the
chicken marketing industry

quantlty of eggs exported during period t by the egg
marketing industry

quantity of other poultry products exported during
period t by the other poultry products marketing
industry

quantity of canned fish exported during period t by
the canned fish marketing industry

quantity of other fish products exported during period
t by the other fish product marketing industry

quantity of margarine exported during period t by the
margarine marketing industry
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131

132

133

2134

2135

2136

2137

2138

189

2140

141

142

2143
144
145
2148

2147
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quantity of shortening exported during period t by the
shortening marketing industry

quantity of other fat and oll food products exported
during period t by the other fat and oil food product

marketing industry

quantity of animal and vegetable fats and oils exported
during period t by the fat and oil mill processing

industry

quantity of other food products exported during period
t by the other food product marketing industries

number of milk cows and heifers on farms at the be-
ginning of period t

number
period t

number
period ¢

number
period t©

number

number
period t©

number of
of period

number of
period t

quantity
period t

quantity
quantity

quantity
period t

quantity

quantity

beef animals on farms at the beginning of

veal animals on farms at the beginning of

lambs and sheep on farms at the beginning of

hogs on farms at the beginning of period t

chickens on farms at the beginning of

hens and pullets on farms at the beginning

t

other poultry on farms at the beginning of

of feeds

of feeds
of feeds
of feeds

of feeds

of feeds

fed to milk cows and heifers during

fed to beef animals during period t

fed to veal animals during period t

fed to lambs and sheep during

fed to hogs during period ¢

fed to chickens during period t



2154

155

2356

157

158

159

2160

isl

ie2
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quantity of feeds fed to hens and pullets during
period ¢t

quantity of feeds fed to other poultry during period t

wages pald to labor employed in milk production opera-
tions on farms deflated by the consumer price index

prices paid for factors of production other than labor
and feeds used in milk production operations on farms
deflated by the consumer price index

index of technical productivity for milk production
operations on farms

wages paid to labor employed in beef cattle production
operations on farms deflated by the consumer price
index

prices paid for factors of production other than labor
and feed used in beef cattle productlon operations on
farms deflated by the consumer price index

index of technical productivity for beef cattle
production operations on farms

wages pald to labor employed in veal animal production
operations on farms deflated by the consumer price
index

prices paid for fadtors of production other than labor
and feeds used in veal animal production operations on
farms deflated by the consumer price index

index of technical productivity for veal animal
production operations on farms

wages pald to labor employed in lamb and sheep
production operations on farms deflated by the consumer
price index

prices paid for factors of production other than labor
and feeds used in lamb and sheep production operations
on farms deflated by the consumer price index

index of technical productivity for lamb and sheep
production operations on farms

wages paild to labor employed in hog production opera-
tions on farms deflated by the consumer price index



1683

2164

2165

2168

2187

168

168

170

2171

172

173

2174

175

176
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prices paid for factors of production other than labor
and feeds used in hog production operations on farms
deflated by the consumer price index

index of technical productivity for hog production
operations on farms

wages paild to labor employed in chicken production
operations on farms deflated by the consumer price
index

prices paild for factors of production other than labor
and feeds used in chicken production operations on
farms deflated by the consumer price index

index of technical productivity for chicken production
operations on farms

wages paid to labor employed in egg production opera-
tions on farms deflated by the consumer price index

prices paid for factors of production other than labor
and feeds used in egg production operations on farms
deflated by the consumer price index

index of technical productlvity for egg production
operations on farms

wages paid to labor employed in other poultry pro-
duction operations on farms deflated by the consumer
price index

prices paid for factors of production other than labor
and feeds used in other poultry production operations
on farms deflated by the consumer price index

index of technical productivity for other poultry
production operations on farms

wages pald to labor employed in fishing and handling
fish at docks and pilers deflated by the consumer price
index

prices paid for factors of production used in fishing
and handling fish at docks and plers deflated by the
consumer price index

quantity of seeds and farm products sold by farmers to
the fat and oil mill processing industry
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quantity of animal and vegetable fats and oils sold to

1T the non-food commercial sector by the fat and oil mill
processing industry
Z,7,¢ Quantity of farm products sold by farmers to the other
food products marketing industries
2,,95 Wholesale price of all non-food products deflated by

the consumer price index

Z,g0 Civilian population in the United States as of July 1
for time period t adjusted for undernumeration

government expenditures on goods and services component

Z181
of the Gross National Product

Z,82 grosSs private domestic investment and the net foreign
investment components of the Gross National Product

Structural equations relating to the consumers' sector

As mentioned earlier one of the practical purposes
underlying the construction and estimation of structural
equations is to describe how particular economic units, in-
stitutlons, and other phenomena respond to changes in certain
economic variables under given conditions. The behavior
equations relevant to the consumer sector are the demand
equations for specific products and the consumption function.

Consumers' demand equations for butter. The simplest

type of demand equation derived from the microeconomic theory
of consumer choice is a linear function where demand quantity
is expressed as a function of prices and income, such as

in Equation (2.10). By use of the theoretical considera-
tions underlying the traditional static theory of demand

and the linear approximation where demand quantity is



111

expressed as a function in arithmetic values of real prices
and real per capita disposable income, the demand equation
for butter is postulated as

ko
(3.1.a) Bl,lyl + i§21 Bl,iyi + Bl’“y“ + Bl,o = u,

where y, represents per capita consumption of butter, Vi
i=21,...,40, represent the real prices for butter and for
each of the other commodity groups as previously defined,
and y,; represents real per capita disposable income of con-
sumers. u, is the random disturbance variable introduced to
represent factors not specified in the equation.

As mentioned earlier the use of specifications such as
(3.1.2) do not provide appropriate results when the analysis
is directed at the explanation of consumers'! adjustment
processes for changing conditions or where the influence of
consumers'! past behavior is important. By use of the
theoretical considerations discussed in sections b and ¢ of
Chapter 2, it is possible to test hypothesesabout consumers!
short-run and long-run responses to changes in certain
economic factors and/or about self-generating changes in
consumers! preferences for specific goods. Using the
theoretical considerations underlying the derivation of
equations (2.48) and (2.95) and assuming the demand function

for butter is approximated as a linear function in
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arithmetic values, the derived equation is postulated as

40
(3.1.b) B,y * i§21Bl’iyi + B1,41Y42

+ B¥ = u¥

+ Al,lyl,t—l 1,0 1

where yl’t_l represents per capita consumption of butter
lagged one time period. The constant Bi}o and the random
disturbance variable u* in (3.1.b) are not the same as B1,o
and u, 1n Equation (3.l.a),‘as Equation (3.1.b) is a re-
duced equation deri#ed by use of Koyck's'assumption about
the adjustment path or by use of assumptions about self-
generating changes in preferences. One of the difficulties
encountered with Koyck's or Nerlove'ls procedures for esti-
mating long-run elasticities is the problem of serial cor-
relation in the residuals [70, Chap. 21, [94, pp. 47-82].
Aside from considering prices and income as the
important factors influencing consumers' consumption
patterns for specific products, it is fairly realistic to
assume that liquid asset holdings also play a dominate role.
By using the generalization of static demand theory where
only liquid asset holdings are included instead of all
asset holdings as discussed in Section 2.a, the demand equa-
tion for butter can be approximated by the linear function

in arithmetic values as
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4o
¥, + 5

(3.1.¢) B:
, i=21

1,1 By ,iY1 * Bi,41¥as

! =
+ Al’lzl +By,0 =4,

where z, represents real per capita liquid asset holdings of
consumers.

The specification given by Equation (3.1.c), like that
of (3.1.2), does not reflect the time-incidence upon con-
sumérs' behavior of changes in certain economic variables.
By using the theoretical considerations underlying the
specification of Equation (3.l.c) as the basic theory and
assuming the long-run or vériable preference hypothesis,
the demand equation for butter (reduced equation) can also

be postulated as a linear function in arithmetic values as

follows
4o
(3.1.d) B, v, + S B, 191 * By 41V4y
. i=21
+ Al,lyl,t-l + Ai,lzl +BY o= v}

where the variables are as defined earlier. The constant
Bi,o and the random disturbance u%¥ are similar in form to
those in Equation (3.1l.b) but are derived from different
equations. That ié, Equation (3.1.d) can be derived from
a demand equation which is specified as a function of
prices, income and asset holdings where each explanatory

variable is taken with a distributed lag and the adjustment
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path is approximated by Koyck's assumption or where changes
in demand quantity are in part induced by self-generating
changes in consumers' preferences.

The four forms of equations, specified above as repre-
senting the demand equations for butter, are also considered
for each of the other product groupings. To avoid consider-
able repetition, however, only equations of form (a) are
presented for each of the other commodity groups.' As
illustrated earlier form (b) differs from form (a) only by
the addition of y,_ . ; form (¢c) differs from (a)'only by the
addition of z,; and form (d) differs from (a) by the addi-
tion of Yoy and z,. | |

Consumers' demand equations for cheese

ko
+ S
i=

(3.2.2) Bz’ayz Bg’iyi + Baga¥ay Ba,o = Uz

21

Consumers' demand equations for evaporated and con-

densed milk

ko
(3.3.a) BS’SYS + iiEl Bs,iyi + B3,41y41 + Ba,o = Ug

Consumers'! demand equations for fluld milk and cream

40
(3.4.2) By, ¥, *+ i§21 By,1Yy * By s1¥sn B, o =1,

Consumers' demand equations for other dairy products

(i.e., dairy products other than butter, cheese, evaporated
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and condensed milk and fluid milk and cream)
40

(3.5.a) Bs,sys + i§21 Bs,iyi + B5,41y41 + Bs,o

Consumers' demand equations for beef

4o
(3.6.a) Bg,sVs + S _ Bg Y5 + Bg, 41941 *+ Be o
i=21 ’
Consumers' demand equations for veal
ko
(3‘7'a) B7,7y7 + i§21 B7,iyi + B7,41y41 + B?,o

Consumers' demand equations for lamb and mutton

Lo

(3.8.8) Bg,o¥e + 5 Ba,i¥s +Bs,0iVar * B0

Consumers'! demand equations for pork

%0

(3.9.2) Bg o¥s t i§21 Bg 193 * Be,s1¥s1 +Bs 0

Consumers' demand equations for lard

Lo
(3.10.a) Bio,10v10 a§21 Bio,1¥1 * Bio,41942

+ BJ.o,o = V0

Consumers' demand equations for chicken

ko

(3.11.a) B y., + S
| 11,11v11 1201

Bll,iyi + Bll,4ly41

+ Bll,O = ull
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Consumers! demand equations for eggs

40

(3.12.a) Biz,12¥12 * i§2l By, i¥i * B12,41¥41

+Bio,0 = Ugn

Consumers'! demand equations for other poultry products

(i.e., all poultry products other than chickens and eggs)

40

(3-13.&) B13,13y13 + i§2l Bla’iyi + B13,4ly4l

+ B = u

13,0 13

Consumers' demand equations for canned fish

40

(3.14.2) Bia,14914 F 1521 B14,iyi *Bis,e1V4n

+ BM:,o = U,

Consumers' demand equations for other fish products

(i.e., for all types and qualities of fish products other
than canned fish)

Lo

(3.15.a) Bis,15915 * i§21 Bls,iyi + B15,41y41

Consumers' demand equations for margarine

4o

16,413’41

+ B u

16,0 - Y16
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Consumers' demand equations for shortening

4o

+Bi7,0 = U7

Consumers'! demand equations for other fat and oil food

products (i.e., all fat and oil food products other than

margarine, shortening, butter, and lard)

4o

(3.18.a) Big,18918 T i§21 Ble,iyi + B18,4ly4l

+ Big,0 = Uz

Consumers' demand equations for other food products

(i.e., all food products other than dairy, meat, fish,
poultry, and fat and oil food products)

ko
S

i Bi1o,1¥1 * Bis,41¥41

(3.19.a) Big,19¥10 + o1

+ Big,0 = Usg

Consumers' demand equations for non-food products

4o

(3.20.a) Bzo,zoyao + i§21 Bzo,iyi + B20,41y41

+ Bao,0 T Uao

The consumption function. The demand equations speci-

fied above, in general, indicate how the consumers allocate

some of thelr resources among various products. Following
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the practice commonly employed in models of Keynesian eco-
nomics, the aggregate behavior of households for all consumer

goods is described by use of the consumption function. Klein

[63, p. 58] states,

From the accepted theories of consumer behavior
it is learned that if a household maximizes its
satisfaction (or preferences) subject to the con-
straint that 1ts budget does not exceed its income,
then the demand for each type of good consumed by a
particular household will depend upon the household
income and the prices of all goods in the household
budget. By appropriate aggregation methods, one
can develop the analogue of these demand schedules
which says that the demand of each household for
real consumer goods depends on the general price
level of consumer goods, the interest rate (which
relates the price of future consumer goods to the
prices of current consumer goods), and the house-
holds' money income. Matters can further be
simplified by assuming that households would not
alter their expenditures on consumer goods if all
prices and incomes were to change by the same
proportion. Then the relevant variable affecting
consumption is real income, i.e., income correlated
for price changes, rather than money income and the
price level separately.

Following the above arguments, the consumption function
can be approximated as a linear function between consumers!
expenditures and real income. The results of recent in-
vestigations, however, suggest that the simple linear rela-
tionship is not appropriate for the post World War II
perlod. For example, Klein and Goldberger [66] argue that
the characteristics of the size distribution of incomes
would be desirable variables to include in the consumption
function. Klein [63] claims that the influence of liquid

assets might also be introduced as the consumers may very
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well spend more than current incomes by drawing upon their
accumulated liquid assets.

It would be desirable to benefift from the results of re-
cent studies and to employ specifications similar to Klein
and Goldberger [66, pp. 4-10] for the consumption function.
The économetric model employed in the present investigation,
however, was designed primarily to enable the estimation of
demand equation for certain food products. For purposes of
the present investigation, therefore, the consumption
function was approximated by the following linear relation-

ship.

+ B . Z

180)

(3.21) B21,42y4a

21,41 (y41

TV (y41,t—1 * 2

180,t—1)

+ B = Uu

! zZ. 2z
+ Aal,l ( 1 180) 21,0 21

where y,, represents aggregate consumer expenditures on all
goods and services and is assumed to be derived by aggregat-

ing over-all households, y,, * 2 represents deflated

180

aggregate disposable personal income, and z, * 2 represent

180
aggregate quantity of liquid assets held by consumers at

the end of the previous period.

Structural equations relating to the other sectors

In order to provide an approximate description of the
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farm production, marketing and retailing activities for each
of the classified product groupings in the economy, structural
equations were specified to represent the aggregate behavior
of firms operating in the retailer sector, food product
marketing industries, non-food commercial sector and the
farm sector. In general the economic theory of the firm and
some of the considerations outlined by Hildreth and Jarrett
[55], Klein [62, pp. 14-40], Nicholls [96], Samuelson [104,
pp. 57-89] and Weintraub [171] served as a basis for the
specification of these structural equations. Since general
equilibrium was assumed in the model, the equilibrium
method discussed by Baumol [8, pp. 126-130] was adopted.

In general it was assumed that prices are determined within
a given time period by the interaction of supply and demand.
That is, at the beginning of each period, the decision
makers of the firms are assumed to decide on their pro-
duction output on the basis of expected demand. In the
period, planned production takes place and prices are assumed
to be reached which equate supply and demand 1n the market.
Although the supply curve for products supplied from cur-
rent production in any given period is totally inelastic,
the total supply curve 1is not perfectly inelastic as it is
possible to vary the quantity held in inventories. The

main consideration underlying the choice of equations and

classification of variables relating to firms and market
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behavior was to keep the model relatively simple so as to
enable the estimation of parameters in some of the demand
equations by use of a method of simultaneous equations esti-
mation,

As mentioned earlier, the total quantity of each
product, other than fluid milk and cream, was assumed to be
sold directly to consumers by the retailer sector. A re-
tailer's supply equation has been specified for each of the
food product groupings and the non-food product grouping to
represent behavior in the retailer sector of the economy.
It was assumed that the quantity of products demanded by
retailers from the respective food product marketing in-
dustries and the non-food commercial sector in a given time
period 1is equal to the quantity of products sold to con-
sumers. That is, it was assumed that retailers!' inventories
are negligible and that the retallers adjust to changes in
demand by varying éheir purchases. In general, the re-
tailers' supply equation for a product is assumed to depend
on the retail and wholesale price of the production, retail
prices of other products and prices paid for factors of
production used in retailing the product. Due to the re-
tailers' subjective anticipations about demand, lagged
retail prices were introduced.

In selecting and specifying equations for each of the

food product marketing industries, an attempt was made to
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account for some of the major characteristics of the products
and the general nature of processing and distributing
activities. In general four types of equations were speci-
fied which are as follows: the specific food product market-
ing industry's supply equation for products supplied from
current production, the identlty equating total supply with
total demand at the wholesale level of the marketing system,
the marketing industry's inventory demand equation and the
marketing industry's demand equation for farm products or
raw materials. Due tc the high proportion of fluid milk

and cream sold directly to consumers by flulid milk and cream
processing-distributing firms and the relative unimportance
of inventories, different types of equations were postulated
for the fluid milk and cream marketing industry.

The following considerations served as a basis for the
selection of variables inciuded in the four types of equa-
tions specified for the food product marketing industries.
The supply from current production equation was assumed to
be derived by aggregating over food product processing firms
operating under equilibrium conditions and pure competition.
Weintraub [171, pp. 113-11%] states,

The MC (marginal cost) curve is thus literally

the firm's supply curve under competitive condi-

tions. This condition will be true of each firm.

By aggregating at each price the quantity offerings

of the individual firms we can construct the

market-supply curve: this is compounded out of

the lateral output distance on each firm's MC
curve at each particular price. It should be
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recognized, however, that this unique associa-

tion of the market supply curve and the aggregate

of the individual-firm MC curves is valid only on

the maximum-profit hypothesis and in stationary

conditions, . . .

Following those considerations and assumptions made earlier
about the structure of the economy, the marketing industry's
supply equation for products from current production was
assumed to depend on the wholesale price of the food
product, wholesale prices for other products, prices for the
farm product and other factors of production, and the level
of technology. Lagged values of wholesale prices were
introduced to represent the entreprenecurs' demand expecta-
tions at the wholesale level.

The above assumptions and considerations concerning the
supply curve are quite unrealistic and at best might be
looked upon as providing a first approximation. Few, if
any, of the marketing firms actually operate under condi-
tions approaching pure competition and no supply curve exists
for an imperfectly competitive firm. Nevertheless, some
function relating output to price and to other variables
does exist and for purposes of this study it will be re-
ferred to as the supply curve.

Identities were introduced to show that market equi-
librium exists at the wholesale level of the marketing

system for each commodity group. That is, we are assuming

that the wholesale price for a good adjusts itself so that



124

the market is cleared durlng the period of time. The
identities Q% = Qi imply that the market is cleared during
each time period following the equilibrium method discussed
by Baumol [8, pp. 126-130] and were introduced to simplify
the model. The total demand Q% is considered to consist of
the retailers!' demand, the specific marketing industry's
inventory demand, other marketing industry's demand and the
export demand for the commodity in question. On the other
hand the total supply is assumed to consist of the quanti-
ties supplled from current production, input supplies and
from stocks held in inventory at the beginning of the period
by the commodity marketing industry.

More than likely the Quantity of a product supplied
from current production and from imports will not equal the
total demand during a given time period. Therefore, in-
ventories are assumed to be held partly to perform the
function of maintaining equilibrium and partly to provide
for the smooth operation of firms comprising the specific
marketing industry. Some inventories are held by firms so
that they have enough goods on hand to cover their current
sales; other inventories are purposely held by firms for
price speculation. Those inventories which entrepreneurs
desire to hold for rational reasons are merely factors of
production, i.e., working capital demanded by the firm for

the smooth operation of the business. The quantities of a
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product held in inventories for this purpose can be formu-
lated on the basis of expected total demand for the product
and the theory of profit maximization. However, the
decision-makers' expectations about total demand may deviate
from actual demand and then more or less will be held in
inventory than anticipated. For example, when the actual
price turns out to be greater than expected (i;g., excess
demand exists), it is assumed that firms in a specific
marketing industry will sell out of inventories and when
prices are less than expected (excess supply exists), some
of the period's output is assuﬁed to be added to inventories.
Following Klein's discussion [62, pp. 53-55], inventories
may be divided into two groups, namely (1) desired inven-
tories needed for the regular operations of firms and (2)
undesired inventories held as a result of erroneous er
pectations. If, in line with the assumption of general
equilibrium, it is assumed that the wholesale market for
each precduct is always cleared except for random disturb-
ances, the random disturbance term in the inventory demand
equation will reflect the undesired inventories (i.e., indi-
cating excess demand when negative and excess supply when
positive). The desired inventories are reflected by the
other variables postulated in the inventory demand equation
which are as follow: the quantity of the product supplied
from current production, current and lagged values of

wholesale price, beginning of period inventories and the
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cost of holding the product in inventory.

Each of the specific food product marketing industry's
demand equations for farm products or raw materials is based
on the theory of profit maximization. These demand equa-
tions are assumed to depend on: the wholesale price of the
product, price for the farm products or raw material, prices
of other factors of production and the level of technology.

The farm sector is assumed to supply farm products to
the specific food product marketing industries and to the
commercial sector. The quantities of farm products supplied
during any glven time period are considered to result from
the decisions of farm firms following the concept of profit
maximization. The supply equations for each of the farm
products 1is assumed to depend on: the price of the farm
product, prices of other farm products, number of animals
on farms at the beginning of the period, quantity of feed
fed to animals during the period, prices of other factors
of production and the level of technology.

The income equation is specified to complete the model.
The equations relating to the other sectors described above
are given in functional form as follow:

Retailer's supply equation for butter

(3.22) ¥, = £(y1s Yug5 ¥i,t-12 Z2s Uza) 3 1=21,...,40

Butter marketing industryis supply equation for butter from

current production
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(3-23) Ve = f(yi) Ygs 3 yi,t-l’ 2 uas) H i:gg:éé;éﬁg

Identity equating total supply with total demand for butter
at wholesale

(3.24) yg5 + Yoe,t-1 T %98 = V1 ° Z1g0 T Vss T Vig0

+ leS

Butter marketing industry's inventory demand equation

(3.25) Yeg = f(y45, Yes 5 Yas,t-12 Yee,t-12 Z2s> uzs)

Butter marketing industry's demand equation for milk and
cream

(3-26) Viis = f(y45: yBS ’ y45;t—l’ Zk’ u26) 5

‘ ' k=22,23,24
Retailer's supply equation for cheese

(3.27) ¥, = £(Vis Ve 3 Vi 412 Za» Uzp) 3 1=21,...,40

Cheese marketing industry's supply equation for cheese from
current production

(3.28) yge = f(y » ¥ V3 » Zis Upg) 3 1=45,...,49
| 66 i 8s 3 i,t-2 k 28 k=08 27 .58

Identity equating total supply with total demand for cheese
at wholesale

(3.29) vge + Yovr,6-1 T 299 = Va2 * Z150 * Vgy T 2,4

Cheese marketing industry's inventory demand equation

(3.30) Yo = £(Vyes Yoo 3 Yse,t-12 Yo7,t-12 229> Us o)
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Cheese marketing industry's demand equation for milk and
cream

(3'31) ylls = f(y46) y85 ’ y46,t_l: 2y uSl) H

. : k=26,27,28
Retailer's supply equation for evaporated and condensed milk

(3.32) ¥ = £(Y15 Va7 5 Y1, =17 Za» Ys2) 3 1=21,...,%0

Evaporated and condensed milk marketing industry's supply
equation for evaporated and condensed milk from current pro-
duction

(3'33) v = f(y s ¥ s v -12 %k, U ) s i=1‘l‘5:-~-:)‘l'9
. o7 . 1 s ? i,t * k os ’ k=3o’3l:32

Identity equation total supply with total demand for

evaporated and condensed milk at wholesale

(3.3%) Vo7 + Yss,t-1 * Zro0 = Vs ° Zigq * Vsg * Z1,4

Evaporated and condensed milk marketing industry's inventory
demand equation

(3'35) ygs = f(y47) y67 ; y47,t_1’ ygs’t_lJ 233) uss)

Evaporated and condensed milk marketing industry's demand
equation for milk and cream

(3-36) yll7 = f(y47: yBS ; y47,t-l’ zk) uSS) ;

' ' k=30,31,32
Retailer's supply equation for fluid milk and cream

(3.37) Vaa = £(¥is Vus 5 Vi,g-1> Zss Uaq) 3 1=21,...,40
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Fluid milk and cream marketing industry's supply equation for

fluid milk and cream from current production

(3.38) Yes ~ f(y24: Ji> Yes 3 Ji,t-12 Yag,t-12 %k> uss);
' , _ i=45,...,49
k=34:35:36
Identity indicating the fluid milk and cream marketing in-

dustry's retail supply of fluid milk and cream

(3'39) y44 = yes - y43

Retail price equation for fluid milk and cream

(3.30) ¥ay = (¥, * Z,80 = Vs 3 Yso)

Wholesale price equation for fluid milk and cream

(3041) Jag = f(y24 H u41)

Fluid milk and cream marketing industry's demand equation
for milk and cream
(3042) ylla = f(ygq‘.’ y48: yss ; y24,t_l) y48,t—l’
2 u42)'; k=3%4,35,36

Retailer's supply equation for other processed dairy products

(3.43) ¥s = £(¥15> Yao 5 Vi,t-10 Zes» Uga) 3 1=21,...,40

Other dairy product marketing industry's supply equation

for dairy products from current production

(3.44) Yeas f(yi: Ygs 3 I5 t-12 Zk> u44) 3 1=45,...,49
: : ’ . k=37:38,39
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Identity equating total supply with total demand for other
dairy products at wholesale

(3.45) Ves + Yoo,t-1 T 2101 = Vs * Zi1g0 T Ves *+ 25,54

Other dairy product marketing industry's inventory demand
equation

(3'46) Yog = f(y49: Yeo 3 y49,t-l’ ygg,t_l’ 2402 u46)

Other dairy product marketing indﬁstry's demand equationAfor
milk and cream

(3.47) ¥i190 = £(Vaes Yes 3 Yao,t-12 Zk> Ugr)

‘ ‘ k=37,38,39
Identity equating total supply with total demand for milk
and cream at the farm level

119

(3.48) v = S vy
| 187 7 915 0t

Farm sector's supply equation for milk and cream

(3.49) Yis7 = f(yj H YJ,t-lJ 21349 23455 2k u49) ’

' ‘ - 3=85,...,92
k=150,151,152

Retailer's supply equation for beef

(3'50) Ve = f(yi: Iso * Yi,tmly 27, uso) s i=21,...,40

Beef marketing industry's supply equation for beef from
current production

(3.51) ¥,0 = fgyi, Yee 3 Yi,t-17 Zks Usy) 3 i:igjéé;i§7
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Identity equating total supply with total demand for beef
products at wholesale

(3-52) Y70 + leO,t—l + ZlO2 = ye * zlao + leO + leS

Beef marketing industry's inventory demand equation

(3.53) V100 = £(¥s05 Y70 5 Yso,t-12 Yico,t-17 Z44> Uss)

Beef marketing industry's demand equation for beef animals

(3-54) Yiog = f(yso: Yag ySO,t—l’ ZK s us4) ’
' _ k=U41,42,43
Farm sector's supply equation for beef animals
(3~55) Ji20 = f(yj H yj,t-l’ Ziags 21435 2k» uss) H
' ‘ j=85,...,92
k=153)154:155
Retailer's supply equation for veal -

(3.56) ¥7 = £(¥gs ¥s1 5 ¥y 410 Zas Use) 5 1=21,...,40

Veal marketing industry's supply equation for veal from
current production

(3.57) Y1 = £(¥is Yar 3 Y1 t-1s Zis Us7) 3 1=50,...,57
| 71 i a7 i,t-1 k 57 k=45,46,47

Identity equating total supply with total demand for veal

at wholesale

(3.58) ¥, + Yio1,-17 F %108 = ¥7 * Zigo T Vior * Zizo

Veal marketing industry's inventory demand equation

(3.59) ¥io1 = £(¥s1s Y71 5 ¥su,t-27 Yio1,t-1+ Za8s Uss)
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Veal marketing industry's demand equation for veal animals

(3-60) Vigr = f(ySL:y87 H y51,t-l’ ZKk » u60) H k=45:46,47

Farm sector's supply equation for veal animals
(3.61) Yiz1 = f(yJ ’ yj t-12 21389 %2144 Zi>» ual) s

*85, .. 592
k=156,157,158

Retailer's supply equation for lamb and mutton

(3.62) Jg = f(yi, Is2 yi,t~l’ 29, uas) 3 1=21,...,40

Lamb and mutton marketing industry's supply equation for lamb

and mutton from current production

(3 63) v = f(y s ¥ > ¥ s 2k, U ) 5 1=50,...,57
72 i 88 i,t-2 k 63 9 50 23

Identity equating total supply with total demand for lamb

and mutton at wholesale

(3.64) y,, + Yi02,t-1 * 2304 38 ° %180 T ¥Vi02 t 2121

Lamb and mutton marketing industry's inventory demand equa-
tion

(3-65) Yi02 = f(ysa’ Y72 3 Ysa2,t-17 yloa,t-l’ Zsa, Ugs)

Lamb and mutton marketing industry's demand equation for

lambs and sheep

(3‘66) y122 = f(ysg’ Y88 ’ y52 t 1’ Zk, u66)
' k=49,50,51

Farm sector's supply equation for lambs and sheep
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(3-67) Viga &= f(yj H yj,t—l’ 21379 %1455 2 u67) H
J=85,...,92
k=159,160,161

Retailer's supply equation for pork

(3‘68) yg = f(yj_’ yss 5 yi,t_l} ZJ_QJ usa) H 1=21,...,)+O

Pork and lard marketing industry's supply equation for pork
from current production
(3.69) ¥.,5 = £(¥is Vrus Yes 3 Vi 412 Zko Ugg) 5
‘ ' 1=50,...,57
k=53:54:55
Identity equating total supply with total demand for pork at

wholesale

(3.70) y.5 + Ji08,t-1 ¥ %105 = ¥o " %180 t Vi0s T 2122

Pork and lard marketing industry's inventory demand equation
for pork

(3'71) leS = f(ysax y73 ’ ysg’t_l: leS,t"l’ 258 u7l)

Retailer's supply equation for lard

(3.72) V1o = T(¥is ¥sa 5 Vi g1 Za1s Ur2) 5 1=21,...,40

Pork and lard marketing industry's supply equation for lard

from current production

(3-73) Vo7ea T f(yi: I723s JYgg » yi,t-l’ ATE) u73) ’
' ' R i=5o,o-o,57
k=53,54,55
Identity equating total supply with total demand for lard

at wholesale
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(3.74) ¥qa + Yio4,t-1 = Y10 * %180 * Vi0s T Zi2s

+ Yig1 T Vias

Pork and lard marketing industry'!s inventory demand equation
for lard

(3075) y104 = f(y54: V74 3 y54,t—l’ y104,t_1’ 257, u75)

Pork and lard marketing industry's demand equation for hogs

(3-76) Yizs = f(y53’ Vsas Yag » ySS,t—l’ y54,t_1’

) u76) 3 k=53,54,55

Farm sector's supply equation for hogs
(3.77) Yias = f(yj 3 yj,t—l’ 21382 %1485 2> u77) 5

j=85’---,92
k=162,163,164

Retailer's supply equation for chickens

(3-78) Vi1 = f(Yi: Yss * yi,t—l’ 2159 u73) 3 1=21,...,40

Chicken marketing industry's supply equation for chicken
supplied from current production

(3-79) y75.= f(yi: Yoo yi,t-l’ 2 u7s) 3 1=50,...,57
k=58,59:60

Identity equating total supply with total demand for chicken
at wholesale

(3.80) 45 + Yios,t=1 ¥ Z10e = Vi1 * Zaso * Vios * Z124

Chicken marketing industry's inventory demand equation

(3.81) Yios < f(yss: Yos5 9 ySS,t-l’ leS,t—l’ Zg1s usl)
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Chicken marketing industry's demand equation for chickens

(3.82) V124 = £(¥ss5 ¥s0 3 Iss ,t-10 2k’ usa) 3

_ k=58,59,60
Farm sector's supply equation for chickens

(3 83) Vi2e ~ f(yJ H YJ t-12 21392 21475 ZKk>» uea) H

3—85,.. 592
165,166 167

Retailer's supply equation for eggs

(3.84) ¥i2 = £(¥1i, Vse 5 Yi,t-1s Z1as Ugs) 3 1=21,...,40

Egg marketing industry's supply equation for eggs supplied
from current production

(3.85) ¥,6 = £(¥15 Vo1 3 ¥4 ,t-1> Zks Uss) 3 1=50, 57

i secey
k=62,63,64
Identity equating total supply with total demand for eggs

at wholesale

(3.86) y,¢ + Yioe,t-1 t %107 = V12 ° %180 t 2106 T 2125

Egg marketing industry's inventory demand equation

(3°87) Yioe T f<yse’ Y76 3 Yse,t-12 Yi0e,4-17 %65 Ug7)

Egg marketing industry's demand equation for eggs

(3'88) ylgs = f(y56: ySl ’ yss’t_l’ 2Kk uBB) ’ 1{:62;63:64

Farm sector's supply equation for eggs

(3.89) Vizs = f(YJ H YJ t=1? 21407 23485 2Kk Ugg) 3
: k=168,169,170
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Retailer's supply equation for other poultry products

(3.90) Yiag = f<yi, Ys7 3 Yi,t=12 214> uso) 3 i=21,...,40

Other poultry product marketing industry's supply equation
for other poultry products supplied from current production

1=50,...,57
k=66,6

(3-91) o7 = f(Yi: NEEIR yi,t—ll 2K, u91) ’
» : ’ 7:68

Identity equating total supply with total demand for other
poultry products at wholesale

(3.92) y,, + Yio7,t-1 T %2108 = Y1z * %180 t V107 + 2126

Other poultry product marketing industry's inventory demand

equation

(3'93) Jio7 = f(Y57J o7 3 yS?,t—l’ le?,t-l’ Zgg s usa)

Other poultry product marketing industry's demand equation
for farm products

(3094) Yigs = f(y579 VYY) yS?,t—l’ 2k s u94) ’ k=66,67:68

Farm sector's supply equation for other poultry products
(3.95) ¥ise = £y 3 Yj,t-17 %1412 21495 Zk> Ugs) 3

3285,'--’92
k=171,172,173

Retaller's supply equation for canned fish

(3'96) y14 = f(yi: ysa H yi,t-l’ 215: uge) H i=21,...,40

Canned fish marketing industry's supply equation for canned

fish supplied from current production
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(3.97) y78 = f(ysg’ ySS’ Jos 3 y.58,1;'"1’ yss,t-l’

2 u97) 5 k=70,71,72

Identity equating total supply with total demand for canned
fish at wholesale

(3.98) y.g + Yioe,t-1 T 2109 = Y14 * Z180 * Yi0s * Z127

Canned fish marketing industry's inventory demand equation

(3'99) leS = f(ysa’ y78 H ySS,t-l’ ylos,t—l’ z73: uSS)

Canned fish marketing industry's demand equation for fish at
docks and pilers

(3.100) V127 = £(¥sgs Yos 5 Vss,t-12 Zks Uigo) 3

' k=70,71,72

Retailer's supply equation for other fish products

(3-101) Yis = f(yi: VYsg 3 yi,t-l’ 2185 ulol) H

‘ i=21,...,40
Other fish product marketing industry's supply equation for
other fish products supplied from current production

(3.102) Y79 = f(yss, Ysgs Yos 3 ySS,t-l’ ysg’t_l’v

VAFE) uloa) k=74,75:76

Identity equating total supply with total demand for other
fish products at wholesale

(3.103) yq9 + Yioe,t-1 t 2110 = Y15 * %180 t Viog t+ 2128

Other fish product marketing industry's inventory demand

equation
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(3.104) ¥i08 = £(¥5gs Y7o 3 Isg,t-12 Y109,t-1?

277, u104)

Other fish product marketing industry's demand equation for
fish at docks and piers
(3.105) Viazs = £(¥ses Yos 5 Yss,t-2s Zks Uios) 3
‘ k=T4,75,76
Identity indicating the total demand for fish at docks and
piers

(3.106) ¥isg = V127 + Yize

Supply equation for fish at docks and piers

(3.107) ¥ias = (Vg5 5 Z174» Zi7ss> Uio7)

Retailer's supply.equation for mérgarine
(3.108) ¥,¢ = £(¥is Yso 5 Yi,t-12 217> Uy 6g) 3
' 1=20,...,40
Margarine marketing industry's supply equation for margarine
supplied from current production
-1 Zks Uice) 3

sT=1
i=60,61,62
k=78,79,80

(3.109) Yao = £(¥is Yiss Ysas Yeas 5 Ji

Identity equating total supply with total demand for margarine
at wholesale

(3-110) yao + yllo,t-l = yls * ZlBO + yllO + 2129

Margarine marketing industry's inventory demand equation
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(3.111) ¥i1,0 = f(¥s50s Vso 3 Yeo,t-12 yllo,t-l’

Zg1s Uy11)

Margarine marketing industry's demand equation for fats and
cils from the fat and oil mill processing industry
(3-112) Ylgg = f<y45’ y54! yso} y63 H yGO,t-l’ Zk}

ullz) ’ k=78:79:8o

Margarine marketing industry's demand equation for butter

(3.113) Yizo = f(y45: Ysas Jeor Yea yGO,t—l’ Zi s
ulls) 3 k=78,79,80

Margarine marketing industry's demand equation for lard
(3-114) Yiasi =.f(y45; Isas JYegr Yea yso,t-l’ 2K
U;,4) 3 k=78,79,80

Retailer's supply equation for shortening
(3.115) ¥,7 = £(¥15 Y1 5 ¥i,t-17 Z1ss Wi1s) 3
: i=21,-o.,40
Shortening marketing industry's supply equation for shorten-
ing supplied from current production
(3.116) Vg1 = f(Yi: Vs4s Yes 3 yi,t—l’ 2k s ulls) H
‘ i=60,61,62
k=82,83,84
Identity equating total supply with total demand for
shortening at wholesale
(3.117) JYg1 T ylll,t-l + 2331 =Vi7 * %180 T y;ll

* 2130 t Yizs



140

Shortening marketing industry's inventory demand equation
(3.118) ¥,,; = ©(Ve1s Ye1 3 Ye1,t-12 Y111,t-1?

zas:'ulls)

Shortening marketing industry's demand equation for fats and
oils from the fat and oil mill processing industry
(3-119) Yige = (y54, Ye1r Yeaz 3 Ye1 ,t-17 2 ulls)
' k=82,83,84
Shortening marketing industry's demand equation for lard
(3'120) ylss = f(y54: yGl’ yss ’ yal t 17 Zk, ulzo) ’
k=82,83,84
Retailer's supply equation for other fat and oil food
products
(3.121) yle = f(ul: Yez2 3 Yi,t-12 219> ulzl) H
—21,...’40
Other fat and oil food product marketing industry's supply
equation for other fat and oil food products supplied from
current production
(3-122) Yga = f(yi: Yea 3 Yi t-12 2k ulga) H
. i=60,61,62
k=86,87,88
Identity equating total supply with total demand for other
fat and oil food products at wholesale '
(3.123) ¥g2 + Yi12,6-1 T %112 = Y1e * 2180 * V112

+ 2333
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Other fat and oll food product marketing industry's inventory
demand equation
(3.12%) Y112 = f(Ye2s Y2 5 Yez,t-12 Yi12,t-17 Zes>

u124)

Other fat and oil food broduct marketing industry's demand
equation for fats and oils from the fat and oil mill process-
ing industry

(3.125) V154 = £(Vs2s Ves 3 Yez,t-17 %k> Uyps) 3

' ‘ k=86,87,88
Fat and oil mill processing industry's supply equation for
animal and vegetable fats and oils supplied from current
production

(3.120) Yoz = f(Vess You 5 Yes,t-17 Zks Uiag) 3

: k=00,91,92
Identity equating total supply with total demand for animal
and vegetable fats and oils

(3.127) ¥es + Yiia,t-1 T %118 = Vize + Vigp + Vias

+ Y118 t 2132 T 2347

Fat and oil mill processing industry's inventory demand equa-
tion
(3'128) ylla = f(yes’ YSS ’ y63,t—l’ ylla,t"‘l,

293> U;2s)

Fat and oil mill processing industry's demand equation for

farm products



142

(3-129) Yias = f(yss: Joa yes,t—l’ 2k ulgs) ’
‘ ‘ k=90,91,92
Farm price equation for beans, seeds, and other farm products

purchased by the fat and oil mill processing industry

(3.130) ¥ou = £(¥135 = 2176 5 Y1ao)

Retaileris supply equation for other food products
(3.131) ¥io = £(¥1s Veu 5 Yi,te1s 2207 Yaay) 3
‘ ' . i=21’..0,40

Other food products marketing industry's supply equation for

other food products supplied from current production

(3-132) JYga = f(yj_: Yoz yi,t—l’ VIS u132) )
' - ’ i=45,...,64
k=94:95:96
Identity equating total supply with total demand for other

food products at wholesale
(3.133) Vgu + Vi14,6-1 T 2114 = V1s ° Ziso * V114

+ 2333

Other food products marketing industry's inventory demand
equation
(3-134) Yii14 = f(y64: Yaas ? y64,t-l’ Yi1a,t-1"

Zogs Uigs)

Other food products marketing industry's demand equation

for farm products
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(3.135) Vise = £(Yoss Yoo 3 Yoo -1’ Zks Yias)
k=94;95:96
Farm price equation for farm products sold to the other food
products marketing industry

(3.136) ¥gs = (Y136 = 2178 3 Uises)

Retailer's supply equation for non-food products

(3.137) ¥a20 = £(¥y1 3 Vi,t-12 2212 Z179> Uigz) 3
' ' i=21,...,40

The income equation. In the model disposable personal

income has been classified as an endogenous variable, as it
was assumed that income is in part directly effected by
total consumers'! expenditures within the perlod of a year.
Earlier, income was defined as the sum of current consumers'
expenditures and saving. Although the income generating
mechanism can be developed in several ways, often in past
studies income has been assumed to be generated by outlays
on consumption and investment goods and the relation of
savings to investment has been treated in different ways
(241, [49], [52, pp. 219-225], and [66].

For purposes of this model investment expenditures are
assumed to equal savings. That is, from the above defini-
tion, income is given by y=c+x and investment by x=y-c where
¥y represents income, ¢ represents consumer expenditures

and x represents investment expenditures. In the model
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total investment i1s assumed to be represented by the two
exogenous variables z,g5; and z,4,, Where z,g5; represents the
government expenditures on goods and services component of
the Gross National Product and z,g, represents the gross
private domestic investment and net foreign investment com-
ponents of the Gross National Product. The total consumers'
expenditures generating mechanism is represented by the
consumption function

(3.21) Ba1,42Va2 * Ba1,41Ya1 * R21,41742,8-1

* Ahy,1 (24 Zig0) ¥ Boy,0 = Up,
where all variables are as defined earlier. The disturbance
term u,, can be looked upon as the sum of disturbance terms
contained in demand equations (3.1.d4) through (3.20.d) and
represents the random elements.in consumers' béhavior.
Substituting Equation (3.21) into the definition, the

income equation is assumed to be represented by

(3.138) y., = f(y41,t-1’ Zy * Zigos Z1g1s Ziszs Uias) -

The specifications for Equation (3.138), like those for
Equation (3.21), are necessarily‘quite simple and have been
introduced primarlly to complete the system. Although these
specifications appear to be useful approximations for
purposes of the present investigation, for other investiga-

tions it would be desirable to benefit from the results of
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recent work in this area and to consider some of Haavelmo's

[49], Klein and Goldberger's [66] and other arguments.

Empirical Results

In this section the results of the statistical analysis
performed on the four forms of demand equations postulated
for each of twelve food products will be presented and dis-
cussed in regard to their economic interpretation. That is,
in addition to presenting the emplrical results, the esti-
mates found to be significantly different from zero will be
examined for agreement or disagreement with theory in regard
to sign and economlc interpretation. Comparisons will also
be made among the four forms of equations estimated for each
product and the results interpreted in regard to the under-
lying hypotheses.

Since only the demand equations were estimated, all
other equations contained in the model were assumed to be

as specified in order to satisfy the identification require-

ments. Due to such statistical problems as multicollinearity,

small number of degrees of freedom, the nature of the time
series data, etc., more than likely we would not be able to
obtain a unique solution or estimates for each of the
coefficients if prices for all of the possible substitutes
and complements were included in the equation. To reduce

the number of coefficients to be estimated and probably
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eliminate some of the statistical problems in the empirical
analysis, only a few of the price variables ¥5;,...,¥20>
defined earlier and specified in the model, were included in
the estimated demand equations. Some of the price variables
were omitted and others replaced by a more aggregative
variable, following the arguments of Wold and Jureen [176,
pp. 108-110] and Bergstrom [11], due to their high inter-
correlation.

The Theil-Basmann method, outlined in Chapter 4 and
discussed in [7] and [170], was used as the simultaneous
equations technique of estimation under the assumption that
the equations are linear in observed variables. The result-
ing estimates are based upon annual time series data for the
sample period 1920-1941, and 1947-1949. The terminal year,
1949, was chosen because of the increasing importance of
national agricultural programs after this period and changes
in the nature of available data. The values of all variables
employed in the empirical analysis and their source and
method of construction are given in the Appendix.

Before proceeding to the discussion of the statistical
results, it appears desirable to outline the general criteria
underlying the comparisons made between the different forms
of equations because the statistical comparisons provide a
partial basis for making Jjudgments about the alternative

hypotheses concerning consumers' demand for a given product.
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As mentioned earlier equations of form a are demand equations
postulated in line with the traditional theory of consumer
demand, whereas the equations of form ¢ are demand equations
postulated in line with a generalized static theory of de-
mand, i.e., one derived from the traditional statlc theory
by following the arguments presented in the latter part of
section entitled Static Theories of Demand, but where only
the influence of liquid asset holdings is taken into account.
Equations of form b and form 4, on the other hand, are re-
duced equations postulated in line with the specifications
underlylng the long-run elasticity hypothesis and Koyck's
method of reduction, or demand equations postulated in line
with the specifications underlying the hypothesis of self-
generating changes in preferences.

Since the same economic theory of demand serves as a
basis for deriving equations of forms b and c, the direct
comparison of each of these equations with an equation of
form a 1s appropriate. The comparison of a and ¢ provides
a partial basis for accepting or rejecting the hypothesis
concerning liquid asset holdings. That 1is,; this comparison
yields part of the empirical basis for determining if the
traditional static theory or the generalized static theory
provides the better explanation of the factors important
in determining consumers' consumption for a particular good.

If the addition of the liquid asset holdings variable zi
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causes a significant increase in the value of R® and if the
coefficient of zi is significantly different from zero, we
would accept the hypothesis that liquid asset holdings are
important in determining consumers' consumption for a particu-
lar good and would select form c¢ over form a as providing
the better explanation. On the other hand, if the addition
of zi does not cause a significant increase in the value of
R% and its coefficient is not significantly different from
zero, we would reject the liquid asset holdings hypothesis
and would not choose form ¢ over form a. The interpretation
of the statistical results for the other possible situations
will not be as clear as those mentioned above due to a lack
of compatible evidence. The conclusions drawn in these
situations will necessarily be based upon Jjudgments made
from the available statistical evidence and possibly will be
subject to greater error. In general, we would tend to
accept the hypothesis of liquid asset holdings if the coeffi-
cient of z] is significant even though the addition of this
variable to equations of form a does not cause a significant
improvement in the goodness of fit. We would also tend to
reject this hypothesis if the addition of z, causes a
significant increase in the value of R® but the coefficient
of z] 1s not significant. It appears that the incompatible
evidence arises in large part from violations made in the

assumptions underlying the statistical analysis, i.e., the
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assumptions of non-serial correlation in the residuals, in-
dependence of the exogenous variables with the residuals,
ete.

The comparisons of equations of forms a and b provide a
partial basis for accepting or rejecting either the long-run
elasticity hypothesis or the hypothesis of variable prefer-
ences. They also provide the empirical basis for determining
if the dynamic theories yield a better explanation of con-
sumers'! consumption for a particular good than does the
traditional static theory. If the addition of the lagged
consumption variable yi,t-l to an equation of form a causes
a significant increase in the value of R2 and has a signifi-
cant coefficient, we would accept either of the dynamic
hypotheses and would choose form b over form a as providing
the better explanation. We would reject the dynamic
hypotheses and would not selection equation b over a, how-
ever, 1f the addition of Vi,6-1 does not cause a significant
improvement in the goodness of fit and the coefficient of
yi,t-l is not significant. We would also reject the dynamic
hypotheses if the coefficient is not significantly different
from zero even though the addition of Vi, -1 to an equation
of form a causes a significant increase in the value of RZ,
If, on the other hand, the addition of yi,t—l does not cause
a significant improvement in the goodness of fit but the

coefficient of Vi -1 in form b is significant, we would
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tend to accept either of the dynamic hypotheses.

Even though the statistical conditions necessary for
acceptance of the dynamic hypotheses are satisfied, there
are few cases where it will be possible to determine whether
the long-run elasticity hypothesis or the variable prefer-
ence hypothesis is the appropriate dynamic factor underlying
equations of form b. Following the arguments presented in
section entitled Variable Preferences and Lagged Consumption,
the only time that we can distinguish between the two
dynamic hypotheses 1s when the coefficient of the explanatory
variables other than Vi,t-1 are not significantly different
from zero and when the coefficient of Vi,t-1 is significant.

- In this particular case we would accept the variable
preference hypothesis. Definite conclusions about the
appropriate dynamic hypothesis are further complicated by

the fact that other hypotheses can also be tested by use of

an equation of forms b or 4. For example, Nerlove [94,

pp. 109-116] shows that Friedman's permanent income hypothesis
can also be tested by the use of such equations.

It is also possible to make a direct comparison between
equations of forms ¢ and 4 as this comparison can be ration-
alized on the basls of economic considerations. That is,
the baslc theory underlying the specifications for equations
of forms ¢ and d is the generalized static theory in

contrast to the traditional static theory which underlies
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equations of forms a and b. By making direct comparisons be-
tween equations of forms ¢ and d, we are testing the same
dynamic hypotheses that we do when we compare a and b. The
main difference rests in the initial theory we consider as
determining consumers' consumptlion behavior. The interpreta-
tion of the resulting estimates and statistical results for
the comparison of ¢ and 4 in regard to the dynamic hypotheses
is similar to that mentioned above for equations of forms
a and b.

No well defined economic rational is available for use
as a basils in making comparisons between equations of forms
b and d. Nevertheless, in cases where the goodness of fit
does not differ very much between equations of forms b and
c, we might make a choice between b and d by use of judg-
ments about the other statistical results. That is, by use
of the results for the direct comparisons made between
equations of forms a and ¢ and forms ¢ and 4, it 1s
possible to make an indirect comparison of equations of forﬁs
b and d. For example, if we accept the generalized static
theory as providing a better explanation of consumers!
behavior than the traditional static theory and if the
dynamic hypotheses underlying form d are accepted, we would
generally choose form d over form b even if the hypotheses
underlying form b are acceptable. On the other hand, if

form d were preferable to form c¢ but the generalized static
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theory underlying form ¢ were rejected, we would choose form
b over form d whenever either of the dynamic hypotheses
underlying form b are accepted. This line of reasoning can
also be applied to the other possible results.

In presenting the estimates and other statistical re-
sults, the standard errors of estimates are given directly
below the coefficients in parentheses. When the coeffi-
cients were significantly different from zero, the level of
significance is indicated by superscripts as follows:
¥ significant at 10 per cent level of probability, ** sig-
nificant at 5 per cent level, and *** significant at 1 per
cent level., A double asterisk following the value of d
indicates that based on the Durbin-Watson test, for a
discussion of this test see [43, p. 77] and [55, pp. 77-
781, the hypothesis of serially independent residuals was
accepted at the 5 per cent level, a + superscript indicates
that the test of d was inconelusive, and no superscript indi-
cates that the hypothesis was rejected. In testing the
significance of the difference in RZ®, a double asterisk
following F indicates significance at the 1 per cent level
and a single asterisk significance at the 5 per cent level.
In using Hotelling's t test, the level of significance is
indicated by the same superscripts employed in testing the
significance of the coefficients.

In predicting or estimating a particular variate there

is frequently a large number of other variates which can
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serve as independent variables or predictors. Hotelling's

t test, see [57] and Appendix B, provides a basis for making
a choice among the available predictors, after some have
already been selected, which has the highest partial correla-
tion with the predictand (dependent variable). Hotelling's
t test was used to determine whether the addition of y._;

or z] to equations of form a and associated hypotheses pro-
vided the better explanation for the consumption of the
commodity in question. The values predicted for the normal-
ized dependent variables for the post-estimation period and
the estimated residual are presented to indicate the biased
or unbiased nature of the equations estimated for particular

products.

Demand for butter

Estimates for the parameters in the four forms of butter
demand equations are presented in Table 1. The endogenous
variable y,, per capita civilian consumption of butter ad-
Jjusted for government purchase and distribution programs
for 1934-1941, was chosen as the normalized dependent
variable. The explanatory variables used are: y,,, de-
flated retail price of butter; y,,, deflated retail price
of mafgarine; vi,, deflated per capita disposable income
in states prohibiting the sale of colored margarine; yj, ,

deflated per capita disposable income in states permitfing



Table 1. Estimation results for the butter demand equations (Equation 3.1)

BJ.,O V21 Jae Vi Via Yi,t-1 z] R? d

a 24,1449 -0.0356 0.0165 -0.0037 -0.0325%%x 0.8210 0.50
(0.0536) (0.0352) (0.0074) (0.0070)

b  5.0507 0.0317 -0.0179 -0.006T7* -0.0066 0.8148%%x 0.9589 1.72%
(0.0282) (0.0181) (0.0036) (0.0052) (0.1242)

¢ 28.6440 '0.0087 ~0.0229 -0.0068 -0.0202%%% -0.0797*** 0,9139 0.66
(0.0338) (0.0231) (0.0045) (0.0051) (0.0189)

4 9.8312 0.0361 ~0.0260 -0.0072% 40.0065 0.6753%%*% -0.0281 0.9629 1.66%
(0.0280) (0.0187) (0.0036) .0052)

*¥*Significantly different

**¥¥Jignificantly different

from zero at the

from zero at the

TInconclusive test for autocorrelation in

(0.1553)  (0.0193)

10 per cent level.
1 per cent level.

the residuals.

79T
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the sale of colored margarine; Vi,t=17 per capita civilian
consumption of butter lagged one time period; and z] =

100 z /z,,, the ratio of deflated per capita liquid assets
held by consumers at the end of period t-1 to deflated per
capita disposable income for period t. The two variables
y;l and ygl were used in the butter and margarine demand
equations;rather than y,, in an attempt to account for some
of the institutional factors affecting the sales and pur-
chases of these products. The arguments underlying the use
of yi, and y,, are given by Ladd [73]. The variable z] was
used in all demand equations rather than z, as specified in
the model because of the high intercorrelation between z;
and y,,. Many of the price variables specified in the de-
mand equations in the model were omitted due to the high
intercorrelation among the price variables and due to their
high simple product-moment correlation with other explana-
tory varilables.

Table 1 indicates that only the point estimates for the
coefficient of yj, in Equation (3.1.a) and for the coeffi-
cients of yj, and z! in Equation (3.1.c) are significantly
different from zero at the 10 per~cent or a lower prob-
ability level. In Equations (3.1.b) and (3.1.d) on the
other hand, the coefficients éssociated with vy, and
Yi,t-1 are significant. The negative sign of the estimated

coefflcients for yjl, and yzl are in conflict with a priori
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considerations as they suggest that butter is an inferior
good.

The addition of z! to (3.l.a) causes a significant in-
crease in the value of R?, as does the addition of Y1,t-1
to (3.1.a) and (3.1.c). These results coupled with the
sigﬁificance of the coefficient of z! in (3.1l.c) and of
V1,41 in (3.1.b) and (3.1.d4) provide ampie grounds for
accepting fhe hypothesés underlying each of the Equations
(3.1.b), (3.1.c), and (3.1.d). Although we can accept the
éeneralizéd static theéry, the results for Hotelling's ¢©
test suggest that (3.1.b) provides a better explanation for
consumers ' consumpﬁion of butter than does (3.l.c). Re-
sults for the F tests indicate that (3.l.d)'is also prefer-
able to Equation (3.l.c). However, ﬁhe coefficient of z!]
in (3.1.4) is not.significantly different from zero, and
Equétion (3.1.d4) does not appear to provide a better ex-
planation.than does (3.1.D).

The statistical‘results presented in Tables 1 and 2 do
not provide sufficient evidence for making a choice between
(3.1.b) and (3.1.4) nor for determining which of the
dynamic hypofheses is appropriate in either equation. Part
of the problem arises from the nature of the statistical
evidence because the coefficient of ygl is significantly
different from zero in (3.l.a) and (3i1.c) whereas the

coefficient of Vi, is significantly different from zero in
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Table 2. Results of the F test and Hotelling's t test for
significance of difference in R® for the butter
demand equations

Equations compared da.f. Fort Added variable
F tests

a and b 1,19 63.85%* Yi,t-1

a and ¢ 1,19 20.51** z3

¢ and d 1,18 23.81%x V1,41

Hotelling's t test®
b with ¢ 18 1.82 Yi,t-1 VS« 21

@The procedure used in computing Hotelling's t is
described in Appendix B.

**Significant at the 1 per cent level.

(3.1.b) and (3.1.d). Upon testing the hypothesis Hy ¢ Dy 4y
= b,,,," we £ind that the coefficients of y), and y", ave
signifiéantly different at the 10 per cent or a lower prob-
ability level in (3.1.a2) and (3.1l.c) but are not signifi-
cantly different in (3.1.b) and (3.1.4). These results sug-
gest that in the proéess of testing the null hypothesis

Ho : B114l = 0, a type I error was committed, i.e.,

we reject Hy when it is true, If, in fact, the coeffi-
cient of y;, is not significantly different from zero

in (3.1.b) and (3.1.d), then following the arguments

presented in section entitled Variable Preferences and Lagged
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Table 3. Estimates of short-run and long-run elasticities
of demand for explanatory variables that are
significantly different from zero in the butter
demand equations?@

Equation Vo, Vae vl Vax zZ)

Short-run elasticities

53.l.a -0.27
3.1.b -0.16
23.1.0 -0.17 -0.33
3.1.d4 -0.17
Long-fun elasticities
§3.1.b3 -0.85
3.1.d -0.52

aShort-run and long-run elasticity approximations are
given only for the explanatory variables whose coefficients
are significantly different from zero. When the coefficient
of lagged consumption 1s not significantly different from
zero, the long-run elasticlty approximation is enclosed in
parentheses and has been presented for illustrative purposes.

Consumption we would accept the variable preference hypothe-
sis, as one of the conditions for acceptance is that the
coefficients of the explanatory variables other than Vi,t-1
should not be significantly different from zero. On the
basis of the predicted values for y, in the post-estimation
period, Equation (3.1.b) appears to provide a better ex-

planation for the consumption of butter than does (3.1.4).

Demand for margarine

In the margarine demand equations, the normalized
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Table 4. Predicted values for the normalized dependent
endogenous variables and residuals in the butter
demand equations for the post-estimation period,

1950-552
A A

Year Vi v, Vi-Y,

(3.1.a)

‘ 1950 10.6 6.07 L, 53
1951 9.4 2,68 6.72
1952 8.5 - 0.79 9.29
1953 8.4 - 3.30 11.70
1954 8.8 - 3.08 11.88
1955 8.9 - 4,29 13.19

(3.1.b)

. 1850 10.25 0.35
1951 10.28 0.88
10572 9.T4 - 1.24
1953 8.75 - 0.35
1954 8.35 0.45
1955 8.41 0.49

(3.1.¢)

: 1950 9.32 1.28
1951 7.53 1.87
1952 7.00 1.50
1953 5.94 2.46
1954 5.65 3.15
1955 5.05 3.85

(3.1.4)

. 1950 10.75 - 0.15
1951 10.77 - 1.37
1952 10.78 - 2,28
1953 10.05 - 1.65
1954 9.57 - 0.77
1955 9.63 - 0.73

8The post-estimation period predicted values for the
normalized depgndent variables, ?1 above, and estimated
residuals, y,-y, above, are presented to indicate the biased
or unbilased nature of the estimated equations.
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dependent variable is y,4, per capita civilian consumption
of margarine, and the explanatory variables are y,,, Vag?
y;l, yzl and z{ as defined above and yle’t_l, per capita
civilian consumption of margarine lagged one time perilod.
Results of the statistical analysis for the margarine demand
equations are presented in Tables 5 through 8.

For the margarine demand equations, as with the butter
demand equations, only the point estimates for coefficients
associated with the two income variables, liquid asset hold-
ings and lagged consumption are significantly different from
zero at the 10 per cent or a lower level of probability.

The positive signs for the estimated coefficlents of y,,,
yzl, and z; suggest that margarine is not an inferior good.

Since the coefficlents of z] and y are signifi-

16, ,t-2
cantly different from zero and the additi;n of Vie,t-1 to
(3.16.a) and (3.16.c) causes a significant increase in the
Qalues of Rz,‘there are ample grounds for accepting the
hypotheses underlying Equations (3.16.b), (3.16.c), and
(3.16.d). The acceptance of the liguid asset holding
hypothesis underlying (3.16.c) suggests that the generalized
static theory is prefefable to the traditional static theory
as an explanation for the consumption of margarine. The
acceptance of the hypotheses underlying (3.16.b) and (3.16.d)

suggests that elther it requires more than one year fér the

consumers to complete thelr adjustments to changes in the



Table 5. Estimation results for the margarine demand equations (Equation 3.16)

Bis,o Y21 Yae Vau Vi1 Yie,t-1 z; R® d

a -1.0191 -0.0047 0.0046  0.0039 0.0166%%* 0.8130 0.70
(0.0235) (0.0155) (0.0032) (0.0030)

b -1.5890 -0.0002 0.0003 0.0047%  0.0074%  0.5613%%* 0.8889 1.22%
(0.0187) (0.0123) (0.0027) (0.0037) (0.1692)

¢ -2.80292 -0.0223 0.0203 0.0051  0.0118%x* 0.0318%% 0.8772 0.98%
(0.0232) (0.0158) (0.0030) (0.0035) (0.0129)

d -2.9193 -0.0150 0.0135 0.0055%% 0.0048 0.4817*** 0.0255%* 0.9276 1.38%

(0.0191) (0.0132) (0.0025) (0.0038) (0.1668) (0.0108)

*Significantly different from zero at the 10 per cent level,
**¥Significantly different from zero at the 5 per cent level,
**¥*¥Significantly different from zero at the 1 per cent level.

*+Inconclusive test for autocorrelation in the residuals.

19T
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Table 6. Results of the F test and Hotelling's t test for
significance of difference in R® for the margarine
demand equations

Equations compared a.f. Fort Added variable
F tests o ‘

a and b 1,19 12.96%* Yie,t-1

a and ¢ 1,19 9.93** z]

¢ and d 1,18 12.54%* Vie,t-1

Hotelling's t test
b with ¢ 18 0.95 Vie,t-1 VS- z!

**¥Significant at the 1 per cent level.

explanatory variables or there have been changes in the con-
sumers'! preferences for margarine. The results for the F
tests and étatistical results for (3.16.d4) suggest that the
static theory extended to account for liquid asset holdings
and generalized to account for one of the dynamic factors,
i.e., the theory underlying (3.16.d), is preferable to the
theories underlying the othef equations as an explanation
for consumers' consumption of margarine,

Again the test for the significance of difference be-

tween the regression coefficients y/, and ygl reveals that



163

Table 7. Estimates of short-run and long-run elasticities
of demand for explanatory variables that are
significantly different from zero in the margarine
demand equations

Equation Vo, Vae Vi1 Vea 23

Short-run elasticities

3.16.a 0.83

3.16.p 0.65 0.37

3.16.c 0.59 0.78

3.16.4 0.76 0.63
Long—fun elasticities

E3.16.b; 1.49 0.84

3.16.d 1.48 i1.21

they are significantly different in (3.16.a) but not signifi-
cantly different in (3.16.b), (3.16.c), or (3.16.d4). These
results appear to be-consistenf with the reéults obtained
from the test of the null hypothesis in Equations (3.16.a)
and (3.16.0b) but not in Equations (3.16.c) and (3.16.4).
Even.with this additional information it is notApossible to
determine if it is the long-run elasticity hypothesis or
the variable preference hypothesis that is the appropriate
dynamic factor. Assuming the long-run elasticity
hypothesis, however, the estimates of the long-run elastic-
ities of demand for margarine in terms of disposable income
in states prohibiting the sale of colored margarine and in

terms of liquid asset holdings are about twice as large
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Table 8. Predicted values for the normalized dependent
endogenous variables and residuals in the margarine
demand equations for the post-estimation period

1950-55
A A
Year Yie Yie Yi16V1e
(3 16.a)
1950 6.0 7.54 -1.54
1951 6.5 9.10 -2.60
1952 7.8 10.38 -2.58
1953 7.9 11.61 -3.71
1954 8.3 11.72 -3.42
1955 8.0 12,35 -4,35
(3 16.b)
1950 6.45 -0.45
1951 7.01 -0.51
1952 7.53 0.27
1953 8.60 -0.70
1954 8.66 ~-0.36
1955 9- 17 "1017
(3 16.c)
1950 6.27 -0.27
1951 7.21 -0.71
1952 7.33 0.47
1953 7.99 -0.09
1954 8.31 -0.01
1955 8.70 -0.70
(3 16.4)
1950 5.58 0.42
1951 5.78 0.72
1952 5,48 2.32
1953 6.12 1.78
1954 6.35 1.95
1955 6.69 1.31
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as the estimates of the respective short-run elasticities.
If, in fact, this is the appropriate hypothesis, these re-
sults would be of particular slgnificance for decision-
making because the long-run estimates are elastic whereas

the short-run estimates are inelastic.

Demand for cheese

The statistical estimates and test results for the four
forms of cheese demand equations are given in Tables O
through 12, The normalized dependent variable is y,, per
capita civilian consumption of cheese, and thé explanatory
variables are: JY,,, deflated retaill price of cheese; ys5,
deflated retall price of eggs; y,,, deflated per capilta
_dispdsable income in the United States; y, y_,, per capita
civilian consumption of cheese lagged one time period; and
z; which was defined earlier,

Only the estimates for the coefficients of y,, and of
V., are significant in (3.2.a) whereas the resulting esti-
mates for each of the vériables specified in (3.2.c) are
significantly different from zero. The sign for the coeffi-
cients of y,, in each of these equations is in conflict
with a priori reasoning as the negative sign suggests that
eggs are complements in consumption for cheese. Although
the significance of the coefficient of z! in (3.2.c) leads

to the acceptance of the underlying hypothesié, the



Table 9. Estimation results for the cheese demand equations (Equation 3.2)

Bz,o Yaz Yaz Va1 Ya,t-1 z3 R® d
3.6555 -.0105  -.0238%%  .0098%*x .8781  0.82
(.0139) (.0096) (.o01hk)
~0.4331  .0018  .0019 -.001k 1.1706%%* L9651 1.47F
(.0066) (.0055) (.0014) (.1472)
3.2386  -.0198%  -.0150% .0089%*x .0152%x 8940  0.69
(.0112) (.0080) (.0010) (.0062)
-0.3959 -.0016  .0026 -.0009 1.1055%%% 0043 9811  1.35%
(.0076) (.0057) (.0017) (.1668) (.0043)
*¥Significantly different from zero at the 10 per cent level,
*¥*Significantly different from zero at the 5 per cent level,
**¥SJignificantly different from zero at the 1 per cent level.

+Inconclusive test for autocorrelation in

the residuals.

991
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Table 10, Results of the F test and Hotelling's t test for
significance of difference in R® for the cheese
demand equatilons

Equations compared da.f. Fort Added variables
F tests

a and b 1,20 H9.90%*  y, ¢,

a and ¢ 1,20 2.99%* Zy

¢ and d 1,19 87.87*x Ya,t-1

Hotelling's t test®

b with ¢ 19 20.01** Ya,t-1 USe 2

&The procedure used in computing the value of
Hotelling's t 1s described in Appendix B. The large value
t = 998.44 for the cheese demand equations is due to the
relatively large value for the numerator, i.e., 0.5833, for
the difference between the partial correlation coefficients
in forms b and ¢ times 19. The number of degrees of
freedom, and to the relatively small value, 0.0111, of the
denominator. The small value of the denominator results
from the fact that the coefficient of non-determination,

1 - R®%, in form d is small, i.e., form d explains a large
proportion of the variation in cheese consumption. As the
denominator approaches zero, the value of t approaches
infinity.

**¥Significant at the 1 per cent level.

generalized static theory does not provide a better explana-
tion for the consumption of cheese than does the traditional
static theory.

In Equations (3.2.b) and (3.2.d) on the other hand,

the only significant coeffilcient is that for lagged



	1960
	A statistical analysis of some of the admissible hypotheses underlying the demand for food products
	John Richard Tedford
	Recommended Citation


	tmp.1411500964.pdf.flU8V

