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1. Introduction

In practice, model builders usually proceed along one of three
paths to build a link between the general demand functions and
statistical demand models. The first approach assumes an explicit
form for a wutility function from which the corresponding demand
function is derived. Such an approach is the one taken in the monog-

raphs by Houthakker and Taylor (1970) and Betancourt (1971 : 283-
292).

The second approach involves first the selection of a certain
“theoretically plausible” functional form for the demand curves that
does not violate a limited set of theoretical properties of demand
functions. The structure of the choice space can then be established
frcm this specific pre-chosen demand relation (3).

The third approach also requires the choice of the ‘‘theore-
tically plausible” demand functions, but here the test of the utility
maximization theory is implemented in a different manner. In this
instance, it is of some interest to determine the theoretically restric-
ted and unrestricted estimates of the parameters from sample data
and test the compatibility of the demand theory with the sample
information. It is expected that the empirical application of
.he Slutsky conditions - -the Engel aggregation, homogeneity,
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(1) See Wold and Jureen (1953: 106-108), for Tornquist’s system of demand
functions; Leser (1963 :694-703) (various forms of Engel curves that satisfy
the Engel aggregction condition are introduced); Prais (1953 : 87-103); Liviatian
(1964: 34) (cumulative log-normal function for aggregates); Houthakker and
Taylor (1970: 8) (forms for time series data: linear, double-log, semi-log,
and inverse-log functions).
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symmetry and negativity - - derived from consumer choice theory,
provides the advantages of greater statistical efficiency in estimating
demand parameters, and assurance that the parameters will fall
within the framewbork of a consistent and soundly based theory (). In
these types of studies, restricted simultaneous estimation is usually
implemented by the use of Zellner's version of Aitken’s generalized
least squares procedure and restrictions imposed through the
constraints in the objective function (Zellner, 1962 : 348-368).

One of the conclusive models in the final group is Court’s New
Zealand meat model (1967 : 424-444); the other is Barten’s test of the
Slutsky conditions on the parameters of the empirical demand func-
tions for the four aggregates - - food, pleasure goods, durables and
the remainder - - with the Netherlands data (1967 : 77-84). Both
studies concluded that utility maximization holds in reality. On the
other hand, Byron’s application (1970 : 816-830) to Barten’s sixteen-
sector Dutch expenditure data rejects the null hypothesis that Engel
aggregation, homogeneity, symmetry and negativity restrictions are
compatible with the sample information.

To summarize the preceding survey, we note that existing
empirical tests in the literature, using primarily the data of advanced
countries, do not show consistent evidence. More empirical support
in the application of the general slutsky conditions is required.

Moreover, in practice, econometricians trying to estimate a
system of m demand equations confront with the estimation
problem of m? price effects and m income effects. Since the number
of parameters to be estimated becomes extremely large even for a
small system of demand equations, econometricians try to use the
consequences of the classical consumer’s choice theory to reduce
the parameters to be estimated. The Slutsky conditions, obtained
from the rational individual consumer’s behavior and assumed to be
valid for any well behaved general utility function, have been effec-
tively used in practice for market demand functions neglecting the
cggregation biases, and assuming that the behavior of the community
can be represented by the behavior of a representative consumer
(Stone, 1954 and 1965 : 271-290; Leser, 1961 : 24-30). Application of
these ordinal restrictions reduces the number of parameters to be

(1) See Theil (1€61:829), for ‘“... considerable gains in the efficiency of point
estimates could be achieved with the uses of even incorrect prior information
related to the parameters of a system of demand equations...”
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estimated from m(m+1) to 1/2 m(m+1) - 1. Hence, it becomes very
important to see the empirical validity of the Slutsky conditions (%),

The object of the demand model formulated in this paper is to
test the consistency of the prior information implied by the consu-
mer’'s choice theory, iand the sample information obtained from the
developing country in case of broad aggregates. This test is imple-
mented by a restricted estimation procedure, using Greece as a
sample. The parameters of the demand equations for three broad
aggregates, namely, necessities, semi-luxuries and luxuries, are es-
timated by imposing the Slutsky conditions by means of the const-
raints within a simultaneous estimation model assuming a non-ad-
ditive utility function.

The paper is in five sections. Following the introduction, the
Second Section gives a brief summary of the empirical restrictions
derived from consumer’s choice theory, while Section Ill provides
information about the data used in the sample. Section IV describes
the estimation procedure applied in the model, and Section V pre-
sents the findings and conclusions.

2. The Slutsky Conditions

The classical consumer’s choice theory, its assumptions and
conclusions are well known. The derivation of both general demand
functions and their properties need not be repeated in detail here(?).
Only a brief review of the invariant notions of the fundemental theo-
rems, called “Slutsky Conditions” in this paper, will be given below

().

(1) If the system of demand equations contains a fairly large number of demand
equations, the application of even these ordinal restrictions on m+| demand
equations, seems unsatisfactory for handling the data and computation diffi-
culties of a fully interdependent estimation model assuming a non-additive
utility function. Additional constraints on the utility function are needed.
These constraints have been provided by using prior notions about the inter-
relation of commodities with respect to the satisfaction of wants, such as
assumptions of separability and want independence. For example, Frisch’s
and Barten’s type of want independence assumption reduces the number of
parameters to be estimated to something in the order of 1+42m, whereas
want neutrality assumptions reduce to the order of 2m (Frisch, 1959 : 144-145;
Barten, 1968 ; 241: Pearce, 1964 : 185).

(2) See Slutsky (1962 :27-56), for the derivation of both general demand functions
and their theoretical properties; see also Samuelson (1948 : 113-115), for the
empirical implications of the utility analysis.

(3) Restrictions imposed upon the empirical demand functions are referred to
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Using the notation,

oq; P;

(1) e; = . ’
api d,

the jth price elasticity of the i th commodity,

oq; Yy

(2) E = —_—
oy q;
Pidi

(B) w = )

Vs

the proportion of income spent on the ith commodity, called the
budget proportion or value share, the Slutsky conditions stated in
terms of elasticities are :

m
(4) > wE =1,
i=lI
m
(5) Zei5+Ei=0 (i=1,...,m),
=l
or
m
X e = —E (i=1,...,m)

The first equation states the Engle aggregation condition or
the adding-up property and means that the sum of the income
elasticities weighted by their respective expenditure budget propor-
tions should be equal to unity. In another terms, it implies that an
increase in total expenditure is completely allocated to all commo-
dities in the budget. The homogeneity condition, stated in equation
(5), implies the absence of money illusion for individual consumers
and means that for the individual demand of any commodity the sum
of direct and cross price elasticities is equal to the income elasticity
in absolute value but with a reverse sign.

The symmetry of the Slutsky income compensated substitution
effects in terms of elasticities may be written either in the form,

under different headings in the literature, for example, “meaningful theorems”
by Samuelson (1948 : 107); “verifable theorems” by Stone and Rowe (1954-

1963); and “Slutsky conditions” by Barten (1967 : 77).
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(6) + E + E. (ij=1,..,m,

Wi w;

or in terms of the Hicks-Allen elasticities of substitution.
(7) = e; + WE = e; + WE; = oy,

where the ¢;; terms denote net cross price elasticity of substitution,
and the e;; terms indicate the gross price elasticities of substitution.
The Slutsky symmetry condition means that an incremenal change
of the j th good in the case of a compensated variation of price p;
is equal to the incremental change of the i th good in the case of a
compensated variation of the price p;. That is to say, only the net
cross price elasticities of the two goods are equal to each other.

The negativity condition expressed in terms of direct net subs-
titution elasticity, oy; < 0, provides the justification for the intuitive
notion of the negative relationship between quantity and prices. As
is shown first by Slutsky, although it is not possible to deduce an
unequivocal sign condition for income elasticity, and, in turn, for
gross price elasticity, it is certain that the direct net substitution
¢ifect will have a negative sign(*) As a consequence, only in the case
of normal commodities, when the price goes up a decrease should
be expected in the quantity bought.

When all of the net substitution elasticities are written as the
element of a matrix :

g
11 12 1m
(c..)
(8) 921 922 Tom
0]
ml sz Urmn

This is called the substitution matrix. Its properties provide the
negatitivity, homogeneity and symmetry restrictions ail together. That
is to say, it has to be symmetrical and in negative semi-definite
quadratic form. The determinants,

(1) That is : ki =\ = + q < 0.
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should be alternately negative and positive, except for the determi-
nant of (o), which is zero because of the homogeneity condition
insuring that utility is maximized.

The Slutsky conditions expressed in elasticity form have been
applied to the elasticity parameters of log-linear demand functions.
Demand functions with constant elasticity are considered approxi-
mately a plausible form for broad aggregates over a certain range
of income. The reasons for the choice of this form for the demand
function in this section are low degrees of freedom, and easiness in
both estimation and interpretation. These demand functions for a
system of m broad aggregates, treated as related commodities, can
be written as :

m
(10) logg = e, + 2 e;logp; + Eilogy + u;
i—I (i=1,...,m)

where q; is the per capita quantity demanded of the composite i, p;
is the price of composite |, y is total per capita expenditure, and u,
is the disturbance term normally distributed with zero mean and
constant variance.

More specifically, the system of three log-linear demand equa-
tions used in the sample, which represents the demand for total
private consumption expenditures consisting of necessities, semi-
luxuries and luxuries as sub-groups, can be stated as:

(1
+ +
log q) =€) * €)) logp, + ¢); logpy + e)5 logpy +E logy*y
+
log q, = e, c+ e log Py + €5 log P, + €53 log Py + E2 log y u,
+ +
log 93 = e5, + €5 log Py + s log 1% + €54 log P, Ea log ¥y uy

The restrictions imposed on this system of demand equations
can also be rewritten as follows :
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lel+w2E + w.E, =1

2 T sk

epptepp v ey =78

eyt eyt e =T E

egy T eyt ea3 = T Fy s

O1p = g T WoEy = 85 1By = Tp
Opg = ©py ¥ W3y = 235 + W By = Ty
g1 = €31 F By = 213 ¥ ¥3F) T 913

Equations (12), (13) and (14) represent respectively the restric-
tions of the Engel Aggregation, homogeneity and symmetry ().

3. The Data

The data used in the application of the restricted demand mo-
del is based on household consumption surveys of Greece. Time
series of both current and constant annual private consumption ex-
penditures for fifteen commodity groups, between the years of 1953
and 1967, were obtained from U.N. Yearbook of National Accounts
Statistics (1966 and 1969, Tables 7a and 7b), and mid-year popula-
tion observations were taken from U.N. Demographic Yearbook (1970,
Table 4).

To handle the data, first fifteen expenditure groups were agg-
regated into seven broad commodity classes : food, pleasure goods,
clothing, rent, durables, services, and transportation, and are treated
as elementary commodities. From the expenditure elasticities of the-
se seven demand equations, the commodity groups were classified
into three categories: luxuries, consisting of clothing, transportation
and durables; semi-luxuries, consisting of pleasure gocds, rent and
services; and necessities, comprised of food only. The components
of both aggregates are presented in Table 1.

(1) As is frequently seen in literature, it is assumed here that problems related
to aggregation can be ignored in the extention of classical consumer’s theory
from an individual to a market.
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TABLE 1
BROAD AGGREGATES AND COMPONENTS

Broad Aggregates Aggregates Components
Necessities Food Food
Semi-luxuries Pleasure Goods Beverages
Tobacco
Rent Rent and water charges
Fuel and light
Household operation
Services Personal care and health
expenses
Recreation and entertain-
ment

Miscellaneous services
(financial, education,
research and other)

Luxuries Clothing Clothing
Other personal effects
Footwear

Durables Furniture
Furnishings
Household equipment

Transportation Personal transport equip-
ment
Operation of personal
transport equipment
Purchased transport
Communication
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Using per capita data, the logarithms of the tctal expenditure
observations were calculated from the current series, while the lo-
garithms of the dependent variables were calculated from the cons-
tant ceries (*). The lcgarithms of the implicit price deflators were
treated as price variables. Implicit price deflators were found by di-
viding the expenditure at current prices on the i th composite into
the expenditure at constant prices on the same composite. The mean
value of the budget proportions that were imposed on the parame-
ters of the system were calculated from current time series expen-
diture figures.

4, The Estimation procedure

This secticn describes the restricted estimation procedure of
the demand mcdel which is set up to test the empirical implications
of utility maximization. The problem is to estimate a system of log-
linear demand equations, (11), subject to parametric restrictions.

The cbservations used in estimating the price and income coef-
ficients of the three demand equations, (11), were classified as cross
section units over the commodity aggregates, and had the dimen-
tions of both time and cross section. In combining the cross-section
units and time series, the approach used in this paper aims to
increase the asymptotic efficiency (Gooldberger, 1964 : 357) of the
estimates by taking into account the possible correlations that might
exist among the disturbance terms (3).

The estimation procedure chosen is a restricted and maximum
likelihood version of Zellner's iterative Aitken estimator(?). In this

(1) In this paper total expenditure is used in preference to income since the
latter is more likely to include transitory and unexpected elements. Accordingly,
terms of income elasticity and expenditure elasticity are used as equivalent.

(2); In..most cases, the correlations that are assumed to exist among the
disturbances ure taken into account either only in the time direction
autoregressive schemes) or only in the cross-section units (heteroscedasticity).
In some cases, however, the disturbance terms are assumed to be composed
of three independent parts. One is associated only with time, and another
only with the cross-section units, while the third is a combination of the
interactions between both dimensions. This approach uses either known
variances of the error components or unknown variances and an iterative
estimation procedure. See Wallace and Huassain (1969 : 55-72).

(3) See Zellner (1962 : 348-354), for the unconstrained Zellner version of Aitken's
generalized least squares; see Court (1967 : 424-444), for a constrained ML
version of Zellner's model. see Byron (1970 :817-882) for a constrained GLS
version of Zellner's model.
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procedure, demand equations are set up in the manner of Zellner's
application of Aitken’s generalized least squares to a system of equa-
tions, and then restrictions are imposed by Lagrange multipliers. Coef-
ficients of the system are estimated by a step-wise method (}). A
statistical test which rejects restrictions used in the estimation pro-
cedure also rejects the Slutsky conditions.

Assuming a multivariate normal linear regression model (3) the
linear functional form of the i th demand equation can be written
as:

(15) Yo = Bu Xu + ... + Bxi Xix + Uy,
where (i=1,....,m),(k=1,....,K) ,{t=1,...,T).

The m relations in matrix notation can be defined as follows : the
T x m dependent variable observation matrix Y is

(18) Y = (Yi...¥io. V),

where v: is a Tx 1 column vector; the T x K independent variable
observation matrix X is

(17) X = (Xp... Xk ... Xg)

in which X, denotes a T x| column vector; the Kxm coefficient
matrix B is

(18) B = (B...B...B),

where B; denotes a Kx1 column vector; and the Txm residual
matrix U is

(19) U= (u...u... ug),

where u: shows a T x| column vector.

The mT equations (15) can then be written compactly as :
(20) Y =XB + U,

in which each column refers to one of the m relations. The stochas-
tic specifications of each i th equation are :

(21) yi = XBl + u; (i=|,...,m;),

(1) The step-wise maximization procedure of Koopmans and Hood is usually
Used in these estimation methods. See Hood and Koopmans (1953 : 143-162).

(2) See Goldberger (1964 : 207-211), for the multivariate classical linear regression
model.
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(22) Eu; = 0 (i=1,...,m),

(23) Euu’; = wyl (i=1I,...,m),

(24) X is a T x K matrix which is fixed in repeated samples, and
(25) Rank of X = K < T.

Allowing the disturbances in different demand equations to be
correlated with each other for the same t :

(26) Euu’s, = wyu! (L, =1....m:i%li).

In order to define the specifications, (21) through (26), we can define
the T x m disturbance matrix as

(27) €= (... & ... €m),

in which ¢ is a Tx1 column vector, and the mxm disturbance
contemporaneous covariance matrix is :

Y11 "1m

(28) Q = Ee (1) €!(t) Yii
wml wmm

Hence, the stochastic specifications of the multivariate model are :

(29) Y = XB+¢,
(30) Ee = 0, \Qift =t
(31) E & (1) & (1) (0 ift %=t ,
(32) Xis a T x K matrix which is fixed in repeated samples, and
(33) Rank of X =K =T .
The m demand equations, (21), which were specified as a full

system under the multivariate classical normal linear regression
model, (29), can be written as :*

X ui'
= X b2 u 5
(34) . .
b, u
m m

(1) See Goldberger (1964 : 246 and 262), for this form and the explanation of
the fact that if X, = ... = X are equal, then OLS estimators are the






