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I. INTRODUCTION

The applied economic literature abounds
with reports on the estimation of parameters
of consumer demand functions. Early at-
tempts were hindered by an inadequate un-
derstanding of the theory and inappropriate
statistical methods. In following the develop-
ments both from the point of view of the
evolution of methods and the applied results
the patterns are rather clear. Until rather
recently demand parameters were estimated
by single equation least squares methods.
However, as the theory and econometric
methods developed, it became clear that
these early results were only under special
circumstances correct. That is, it became
clear that specific demand equations should
be estimated within the complete systems
explaining market prices and quantities.
This observation spawned a number of
empirical studies incorporating simultaneous
equations methods in estimating systems of
demand functions. Results obtained by this
more general approach were again however
of rather limited generality. The limitations
in this case were due to the ad hockery in-
volved in specifying the systems. More spe-
cifically, since demand equations contain all

*The authors wish to acknowledge the helpful
comments made by the Editor and an anonymous
reviewer. Contribution from the Missouri Agricul-
tural Experiment Station. Journal Series Number 7008.

prices and income, the estimation could not
proceed without the addition of information
in the form of exclusion restrictions. The
lack of a general theoretical basis for pro-
viding this information led to the use of
conditions involving highly specialized be-
havioral assumptions.

Recent studies in the theory of consumer
behavior have provided a number of useful
hypotheses concerning the incorporation of
prior information in demand function esti-
mation. In particular, the advent of the
various separability concepts has provided a
more substantive behavioral underpinning
for exclusion restrictions on sets of param-
eters in systems of demand equations. Al-
though these hypotheses have been applied
in estimating consumer demand functions
from the aggregate data in the U, S. and
other economies, the results are far from
conclusive. In fact, as we shall subsequently
show, the currently available empirical
results for the U. S. economy contain many
conflicting and intuitively unacceptable
parameter values.

Our objective in this paper is to add to the
current stock knowledge regarding these im-
portant policy parameters. Specifically, we
examine the structure of consumer demand
in the U. S. for the period 1929-1969. The
estimation method incorporates an additive
utility function and is based on a procedure
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proposed by Barten and Theil [I, 11]. We
selected the Barten-Theil demand model be-
cause of the natural manner in which the
parameter restrictions implied by the addi-
tive hypothesis are taken into account, the
comparative ease with which the expenditure
data required for estimating the parameters
of the model could be obtained, and finally,
the availability of a systematically developed
error structure which is adaptable for empiri-
cal applications.

The discussion proceeds as follows. Sec-
tion two begins with a brief description of
the Barten-Theil demand model. This is
followed by a development of the stochastic
structure and estimation method. Section
three contains a discussion of the data and
underlying variables employed in applying
the model. The main empirical results are
presented in section four; the results are
evaluated in section five and compared to
those of previous studies in section six.
Lastly, some concluding observations in
regard to both the empirical results and the
methods employed are offered in section
seven.

Il. THE EMPIRICAL DEMAND MODEL

In this section we review the procedure to
be applied in estimating the demand param-
eters from the U. S. data. As the methods to
be employed are essentially the same as those
developed by Barten [1], most of the deriva-
tions will be omitted. The purpose is to set
out the notation and statistical assumptions
and to indicate the importance of the additiv-
ity condition in reducing the parameters
required for estimating the full system of
demand equations.

The Demand Equation

Let g = [g;] denote an n-element column
vector of quantities of commodities, p = [p;]
denote an n-element vector of the corre-
sponding commodity prices and m denote
money income. It is well known that under
suitable mathematical restrictions the first
order conditions associated with the problem
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of maximizing a utility function! u = u(g)
subject to the linear budget constraint p’q =
m yield demand functions of the form,

). (1)

The expenditure proportion differentials
related to this system of demand functions
can be written as

WiDgu = X biiDpse — 3 mDpu

g: = qp,m); (i=1,---

@)

+ #{qu; " n)'

where w,(= p.q./m) is the expenditure pro-
portion for the ith commodity; wi(= 1 /2
[wie -+ wia}) is the average expenditure
proportion between two successive periods
for the ith commodity; b.;(= \pp;ui/m),
with A denoting the marginal utility of income
and u¥ denoting the (i, j)th element of the
inverse of the Hessian associated with the
consumer utility maximization problem, is
the coefficient of the jth relative price;?
wi(= pidq./om) is the marginal propensity
to spend for the ith commodity; and finally,
D is the logarithmic difference operator.

Despite the rather cumbersome notation,
the terms of which equation (2) is composed
are rather easily interpreted. The term [Dp;:
— 2w uDpy] is the log change in the rela-
tive price of the jth commaodity. It is obtained
by subtracting a weighted average of prices
(the weights being marginal propensities to
spend) from the log change in the absolute
price of the jth commodity. The term Dg,
(= ¥ wiDq“) is the log change in real
income summed over the i left hand vari-
ables.

From standard neoclassical demand theory
we know that as a result of the structure of

17t is assumed that the utility function is twice
differentiable. The first-order derivatives u; = du/dg:
are assumed to be positive, and the matrix of the
second-order derivatives, i.e., the Hessian matrix
U = [0%/dg:9q;] is assumed to be symmetric and
negative definite. The negative definiteness of - the
Hessian matrix guarantees that the utility function
has a maximum.

2 Since it is assumed that the Hessian matrix U is

symmetric and negative definite, it follows that the
matrix B = [b;;] is symmetric and negative definite.
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the consumer optimization problem the
parameters u; and b;; must satisfy the follow-
ing conditions:

2= 1, (3.2)
bij = bj; (3.b)

and
Zbaj = ous, (3.0)

J

i.e., the so called Engel aggregation, the sym-
metryrelation and the homogeneity condition,
respectively. The new term introduced in
(3.c) is the income flexibility parameter
¢(= om/oN-N/m), or the reciprocal of
Frisch’s [5, 183] money flexibility. An addi-
tional restriction is obtained by summing
over i in equation (3.c) and using (3.a) to
show that the income flexibility parameter is
equal to the sum of the price coefficients
which, since they are negative (by the second
order conditions for the consumer optimiza-
tion problem), imply that ¢ is negative.

In comtemplating the estimation of (2),
ie., the b./s and p/’s, it is apparent that the
unconstrained system contains n* -+ # un-
known parameters. By imposing the restric-
tions mentioned in (3.a), (3.b) and (3.¢), the
number of unknown parameters is reduced
to 14 (n* 4+ n) — 1. As mentioned earlier, this
number is quite large in view of the usual
commodity definitions and the length of
economic time series. Hence, estimation of
(2), or equivalently the structure of the con-
sumer demand, requires the introduction of
additional information. The modern con-
sumption theory suggests restrictions on the
utility function as an alternative to eliminat-
ing parameters from the equations compos-
ing (2) on an ad hoc basis. One such restric-
tion is direct additivity. In the special case
when the utility function is directly additive,
the marginal utility of the ith commodity
depends only upon the quantity of the ith
good alone. Such an assumption is obviously
overly restrictive if commodities are con-
sidered separately. However, if commodities
are grouped and the additivity is between

HASSAN, JOHNSON, AND FINLEY

groups, then the condition is more plausible.
Under the latter condition the behavioral
assumption is that consumers make budget-
ing decisions by commodity groups—con-
sidering only group price indices—and that
within groups decisions are made under the
unrestricted condition. This condition is
called ‘block additivity” and will be em-
ployed throughout the remainder of this
paper.

When the additivity condition is imposed,
we can replace the condition (3.¢) with

bii = ou; (3.¢)

and the condition ) ; >;b;; = ¢ by 2 :bu
= ¢. The power of these restrictions is im-
mediately seen. The expenditure proportion
differentials (2) can be written as

wngq,-z = guiDp;; — Zm—DPm]
. 4

+ wiDg;; (i=1,---,n).

There are just » parameters to be estimated:
the n — 1 independent values of u; and ¢.
This does of course represent a drastic de-
parture from the previous specification (2),
and as importantly, is suggested by an easily
interpretable behavioral assumption.

Stochastic Specification

Thus far we have assumed that the quan-
tity demanded of a particular commodity g;
is a function of only prices and income. Apart
from prices and income there are, however,
other non-economic elements which influence
consumer demand. Because these factors are
not explicitly introduced in the demand equa-
tions, it is proper to assume that the demand
system (4) is incomplete. We complete the
model by the introduction of an error term.
This error term is denoted V;, and is added
to each of the 7 equations in the system de-
fined by (4).

In specifying the characteristics of the
error term we have two choices. It can be
specified on an arbitrary basis or on the basis
of the structure of the consumer optimization
model. In following Barten and Theil we
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choose the latter model. Specifically, the
characteristics of the error terms ¥V, are
deduced through the inclusion of a random
shock wvector in the utility maximization
process. By introducing the shock vector in
the linear part of a simplified quadratic
utility function, Barten and Theil obtain an
expression for ¥, which takes the form

Vi = —; (bij — ¢um)lAa;,/EN)], (6)

where Ag; is the random shock element of
the jth marginal utility [11, 230].

On the condition that the random shock
vector Aa is composed of elements which are
independently and normally distributed with
zero means and a homoscedastic variance &%,
the disturbance terms ¥V, can be shown to
have the following properties:

EWV) =0, (7.2)
EWwe) =0 for 11 (1b)

and
Ewy/)) = @l(1/$)B — w'] = Q. (10

That is, the ¥V, have zero means, are tem-
porally uncorrelated and have a contem-
poraneous variance covariance matrix .

It may be observed that the contem-
poraneous covariance matrix Q is positive
semi-definite with rank » — 1. Summing (6)
over i gives the restriction ), ¥y = 0, from
which it tollows that @/ = 0, where I’ =
(1, ---,1]. In the case of direct-additivity
where b;; = O for all i = j and by; = ¢/,
the covariance matrix @ takes the form

E(VV/) = (M — ), (8)

where M is an n X n diagonal matrix whose
diagonal is the vector . This implies that (a)
var (Vi) = o2u, (1 — p;) and (b) cov (Vi.V;2)
= —g%uqu;. In short, under the assumption
of direct additivity, the random shock model
gives variances and covariances of disturb-
ances which are proportional (in term of
marginal propensities) to deviates from
multivariate normal distribution [11, 233].
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Estimation Procedure

The estimation of b;; and u; from (4)
would be a straight forward application of
generalized least-squares method if: a) the
right hand side were linear in the unknown
parameters, and b) the covariance matrix for
the disturbances was non-singular. To solve
the first problem, a Taylor series expansion
is used to derive a linear version of demand
equations (4).

WT:DQH = I-L«;ODQ':
= b;;[Dp.. + (1/¢°)Dg, — kZ 1r°Dpre)

—u® 2 bjlDpi + (1/69Dg:  (8)
- ;#kquk:] + Vi

(!= 1:"')”)3

where u;* and ¢° represent initial values for
r: and ¢. The logarithmic change in A due to
logarithmic income and price change is
D\. = (1/¢)Dg; — 2_ muDps.. From this it
follows that D\ = (1/¢°)Dg; — >k teDpi;
is the initial value of the log-change in the
marginal utility of income. Hence, Du); =
Dp,, -+ D\, is written as the value of the
log-change in the marginal utility of the ith
commodity. Equation (8) can now be written
in the following form:

wiDgii — pDg; = biiDys,
— ud L: buDyge + Vi (9)

(i = 1; ==, n).

In matrix notation we can thus write the
system as

Yg = Z;B == #OZ¢’B + Vg

10
=(—u"ZB+V,=XB+V? Hos
2 Where

wit Dgie — m® Dgq. D,u%
Y= , Z, = i
[w,ﬁ Dgn: — pa? qu:| [D.uﬁt:,
wo= [ A B =[By--: Bm.!

Y. isthe n X 1 vector of observations on the dependent
variables,
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The system of which (10) refers to only one
time period may be written as

Y=XB+V (11)

where ¥ = [¥y, - -, ¥,] is the nT X 1 vec-
tor of observations on the dependent vari-
ables, X = [Xy, ---, X,] is the nT X » ma-
trix of observations on the independent
variables, B = [B;, ---, B} is the n X 1
vector of coefficients and ¥ = [Iy, ---, V)
is the nT X 1 disturbance vector.

The system (11) may be characterized by
the following set of assumptions:

Y=XB+V
EV) =0
Evvy=Y =1®Q,

where 7 is the T X T identity matrix,
® denotes the knonecker product,
and @ is the # X n covariance matrix
of the contemporaneous disturbance
terms. Under the assumption of ad-
ditivity @ = ¢*(M — uu’), M is a di-
agonal » X n matrix, which has
elements of the vector x for diagonal
elements.

Xisa Tr X n matrix which is fixed.
The elements which make up matrix
X are Dg,, Dp;, u0 and ¢°. It is as-
sumed that the disturbance terms
are independent of Dg, and Dp, and
that the initial values for u; and ¢
are selected independently of the
disturbance terms.

Rank of X = n.

(12.a)
(12.b)

(12.c)

(12.d)

(12.¢)

Finally, in order to obtain estimates of the
elements of the vector B, one should account

Z,isthen X 1 vector of the initial value of log-change
in the marginal utility of the (ith) commodity,

©! is the n X 1 vector of the initial values of the mar-
ginal propensities to spend on various commodi-
ties,

B is the n X 1 vector of coefficients,

Z,is the n X n diagonal matrix, which has the ele-
ments of the vector £, for diagonal elements,

1 is the n X n identity matrix,

Xiis the n X n matrix (£, — u°Z,), i.e., matrix of
observations on the independent variables, and

Fiis the n X 1 vector of residuals

HASSAN, JOHNSON, AND FINLEY

for the problem of the singularity of the
covariance matrix Q. This problem can be
eliminated by using the following estimator
suggested by Theil [10]:

b = (X’HX)"'X'HY, (13)

where H is an n7 X nT diagonal matrix
defined by H = I ® M;*. Estimator (13) is
a best linear unbiased estimator if (a) © =
0'2(M s y,,u.’) and (b) B = g [1, 233]. The
covariance matrix of b is

bea = (X’HX)™*

(14)
- X'HI ® QHX(X'HX)1.4

In view of the conditions b;; = ¢u; and
Ei b.: = ¢, one has estimates for x and ¢
defined as

B=(1/8b and ¢ =1rb. (15

Finally, in addition to providing a more
formal framework for the estimation and
interpretation of the consumer demand struc-
ture, the Theil-Barten approach has some
useful implications for the sampling proper-
ties of the parameter estimates. These impli-
cations result from possibilities for improved
sampling variances which exist as a result of
the estimation of the system as a set of seem-
ingly unrelated regressions and the iteration
on the initial value of u, y. First, it is clear
from equation (10) that X, is a diagonal
matrix. This suggests that we can consider the
estimation problem posed in equations
(12.a), (12.b) and (12.c) within a seemingly
unrelated regressions framework [14]. That
is, by reordering the elements of y so as to
collect the T observations on each of the
elements of the parameter vector B and
rearranging the non-zero elements of X in
a block diagonal form so as to preserve the
equality in equation (12.a), the estimation

¢ Where Q is estimated by (1/T") Zz 7.2/, here
T’ =T
tr [ Mo, (X HX)"X/MA[Y. Py/]
t 7

tr [MB_I(E i;:f;:’)]
t
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problem can be viewed in the seemingly un-
related regressions framework. Since reorder-
ing of V¥ corresponding to the reordering of
Y does not result in a diagonal variance co-
variance matrix and the elements of X,
identified with the various elements of B are
different, it follows from the seemingly un-
related regressions results that asymptotic
sampling variances are equal to or smaller
than if the equations had been estimated
separately [14].

Potential advantages of the iteration on
successive values of the elements of p are
discussed in Theil [10]. In the example given
by Theil, however, there was only slight
improvement in the estimated sampling
variances of the estimators. Our results were
somewhat more encouraging on this count
in that the sampling variances (reported
later in Table II) were smaller than those
obtained with the initial value of g, .
Having provided a statistical model for
estimating a complete set of consumer de-
mand functions, we turn now to analyze the
empirical implications of such a model by
means of time series data.

lll. THE DATA AND THE VARIABLES®

The demand model presented in the pre-
ceding section is estimated using a time series
of annual observations on prices and per-
sonal consumption expenditures in the
United States for the period 1929-1969.
These data are based on official estimates of

the U. S. Department of Commerce [13]. To
obtain the observations of the dependent

& In this study all consumer goods have been ag-
gregated into nine separate groups of commodities
and services: durable goods, food, clothing and shoes,
gasoline and oil, other non-durable goods, housing,
household operation services, transportation services
and other services. This grouping of consumer goods
follows the same principles of classification as em-
ployed by the U. S. Department of Commerce. It must
be emphasized that this classification is in no sense
ideal and is not in strict accordance with the concept
of additive preferences model. It should also be ob-
served that with one exception the names of the com-
modities and services are the same as those used in the
Department of Commerce publications. The excep-
tion is that alcoholic beverages was added to other
non-durable goods.
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variables, the following procedure was used.
First, the logarithms of the total quantities
demanded were calculated, using the iden-
tity: In gs, = In (P ¢2) — In py,. Next, the
logarithm in mid-year population was sub-
tracted from the logarithm quantity for each
year to obtain per capita quantity demanded.
Then, first differences were calculated,
omitting years 1942-1946, Finally, the ob-
servations of the dependent variables of the
demand equations were obtained by multi-
plying the average expenditure proportions
by the corresponding first differences.

The price data for the nine groups of com-
modities and services are retail price indices
(1958 = 100). These price indices are called
“implicit deflators,” which means that the
weights of the various components of each
commodity or service shift over time. By use
of these data the first differences of the loga-
rithmic prices were obtained. The income
(total expenditure) variable in the demand
equations is expressed as Zk Wi Dqy =
Dg,. Thus, when all observations on the
dependent variables are summed, income per
capita values are obtained.

IV. EMPIRICAL RESULTS

Estimation of the Parameters

To estimate the parameters of the system
(11), it is necessary first to obtain initial
values for the marginal propensities to spend,
u:’s and for the income flexibility parameter
¢. The initial values for u,’s were obtained by
applying the least-squares estimator to each
equation separately.’ These estimated values
for the initial estimates of the marginal
propensities to spend are listed in Table I.

§ The estimates were obtained from the following
equation:

win(n gi) = a; + ZS;;A(]-D pie) + wDg. + V.
2

where Si; = wi(e;; + nw;), and u; = wi;. The coeffi-
cients p; and S;;, satisfy the constraint:

=1 XS;=0 ;=858

2 J

i.e., Engel ageregation, homogeneity condition, and
symmetry relation respectively.
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TABLE 1

INITIAL VALUES FOR THE MARGINAL PROPENSITIES TO
SPEND: Major CoMmoDITY GROUPS

Commodi ty Marginal Propensity
Group To Spend p°
1 - Durable Coods 0.4143
2 - Food 0.1398
3 — Clothing and Shoes 0.1199
4 - Casoline and 041 0.0152
5 — Other Non~Durable Coods 0.1626
6 - Housing 0.0190
7 — Household Operation Services 0.0329
8 — Transportation Services 0.0330
9 - Other Services 0.0639

Values for the income flexibility parameter
are also initially unknown. Therefore, an
iterative procedure was used to obtain an
estimate of ¢. For the first iteration an initial
value for ¢, say ¢° was put equal to —0.50.7
It took six iterations to achieve convergence,
and the resulting estimate for money flexi-
bility was ¢ = —0.3268. With these initial
values of ¢ and the u,;, we can apply the
estimator (13) to the system (11) to obtain
estimates for the price coefficient vector b,
the marginal propensities to spend vector u
and the income flexibility parameter ¢. These
estimates are presented along with their
asymptotic standard errors in Table II. Note
that a]l the estimates are more than twice the
corresponding standard errors. In addition,
all the estimates are theoretically admissible.
That is, all the coeflicients of the price vector
b have the correct (negative) sign, and all the
marginal propensities to spend, u.'s, are
positive, presumably the correct sign. The
negative sign of b;; confirms the assumption
that the Hessian matrix U is negative defi-
nite; also, the negative sign of b;; and ¢ im-
plies that all the marginal propensities to
spend are positive under the assumption of
additive preference specification.

7 This value was suggested for the consumers in the
median income bracket by Frisch (5, 189].
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Elasticities

Additional insight is obtained when the
results are examined in terms of the elasticity
estimates they imply. These elasticities are
particularly interesting as they evolve from
this method because they vary with expendi-
ture proportions and are thus different from
year to year.

From the definitions of 4, and w; it should
be clear that the income elasticity of the ith
commodity is

(16)

Since all yu; are positive, it follows that the
income elasticities are positive. Furthermore,
it is easily verified that n;2 1, according to
pi 2 wi If u; > wy, then n; > 1, and the
commodity is a luxury. If the reverse is true,
the commodity is of course a necessity.

Specification of the direct and cross price
elasticities is somewhat more involved. On
differentiation of equation (2), with respect
to p; and p;, we have, respectively,

Ny = ui/w,-.

€y = (bii — b — .‘-’-z‘wi)/wi (17)
and
€;; = (bi:’.uj = Wj,uj)/W{. (18)
TABLE II

ESTIMATES OF PARAMETERS FOR THE ADDITIVE PREFER-
ENCE MoDEL: Major CommobniTy GROUPS

Commodity
Group

Price . Marginal Propen-
Coefficient bii sity to Spend u_

1 - Durable Goods

-1009(.0455) «3089(.0430)

2 = Food

.0482(.0180) .1475(.0196)

3 - Clothing and Shoes

.0361(.0146) .1106(.0140)

4 = Gasoline and 0il .0260(.0063)

.0085(.0019)

5 - Other Non-Durable Goods

.04580(.0188) +1501(.0234)

o

.0207(.0048) .0634(.0199)

~ Housing

-

- Household Operation
Services

.0501(.0087)
.0327(.0035)
.1103(.0214)

+0163(.0035)

8 = Transportation Services .0107(.0034)

9 -~ Other Services

-0360(.0083)

Income ~

Flewibility 3 .3268(.1006)

1
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TABLE III

Erasticity MaTrIX FOr NINE CoMmMoDITY GROUPS* : PERCENTAGE CHANGES IN QUANTITIES DEMANDED RESULTING
FROM ONE PERCENT CHANGES IN PRICES OR INCOME

Clothing Gasoline Other
Commodity Durable and and Non-Durable Household Trans— Other Income
Group Goods Food Shoes 0il Coods Housing Operation vportation Services Elasticity

Durable
Goods —.8586 = 4450 =.1506 —.0587 ~.1993 —.2860 =.0971 =.0502 -. 2896 2.4343
Food -.0165 -.3257 -,0395 -.0154 -.0523 -.0751 -.0255 -.0132 =.0761 -6396
Clothing
and Shoes -.0292 -.2057 -.4384 =-.0272 -.0923 -.1325 ~.0450 ~,0232 -.1342 1.1279
Gasoline
and Oil ~-.0206 -.1454 ~,0493 =.2797 =-.0652 ~.0936 =.0318 =.0164 -.0948 +7972
Othexr Won-
Durable Goods -.0297 -.2090 -.0709 =.0276 =. 4684 —.1347 =.0457 -.0236 -.1364 1.1463
Housing -.0118 -.0836 ~.0283 -.0110 -.0375 —=.2037 -.0183 ~.0094 -.0545 4586
Household
Operation -.0230 -.1623 ~.0551 ~.0214 -.0728 -.1046 —. 3264 -.0183 -.1059 -8901
Transportation -.0270 -.1503 ~.0646 =.0251 -.0854 -.1226 ~.041s =.3626 =-.1242 1.0436
Other Services -.0184 -.1297 =.0440 -,0171 ~-.0582 -.0836 ~.0283 -.0146 -.3171 W 7114
Expendirtura
Proportions .1268 »2305 .0980 .0326 .1309 .1382 L0562 .0313 .1550

* Evaluated at mean expenditure proportions 1929-1969.

These expressions can be simplified to e;; =
dn; — now; (1 -+ ¢n;) and e;; = —nw;
(1 4+ ¢n;), in case of additive preferences (in
view of the condition b;; = ¢u;). In matrix
notation, price elasticities can be expressed
as

E=gi—o I+e0)’ (19
It is easily seen that e;; 2 0 according to
|niwidm; | 2 | naw; | If [ naw; | > | 9wsen: |,
then e;; < 0, and the cross price elasticity
reflects the income effect rather than the
substitution effect of price change.

Table III contains estimates of price and
income elasticities for nine commodity
groups evaluated at mean expenditure pro-
portions for the sample period. These are
obtained from the parameter estimates
(Table II) by evaluating the elasticity for-
mulas (16) and (19) at mean expenditure
proportions.

One of the interesting uses of cross elas-
ticities is the study of relationships of substi-
tutability and complementarity between

8 Here 5 stands for the n X n diagonal matrix,
whose diagonal is the vector 7.

commodity groups. Hence it is of interest to
estimate the Slutsky compensated price
elasticities (Table IV) in order to classify
commodities as substitutes, complements or
independent goods. This approach to com-
modity classification provides a more rigor-
ous definition of substitutability and comple-
mentarity than classification by cross-
elasticities since the latter approach neglects
the income effect. The Slutsky price elas-
ticities are defined by

E¥ = E + qow'. (20)
In scalar terms these are: e;; = én: (1 —
w;) and 92:’ = —¢nm;w;. Since all 5;, 7,

are positive and ¢ is negative, all e;; are posi-
tive, so that all goods are substitutes.
Finally, estimates of demand elasticitics
obtained can be put into perspective by com-
paring them with some previous and related
studies. We make these comparisons because
our analysis is somewhat more comprehen-
sive than that of other studies, and as earlier
mentioned, because of the amount of un-
certainty which exists in regard to the values
for these important policy parameters which
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TABLE IV
ESTIMATES OF SLUTSKY PRICE ELASTICITIES*

Clothing Gasoline Other
Commodity Durable and and Non=-Durable Household Trans- Other
Croup ,Goods Food Shoes 0il Goods Housing Operation portation Services
Durable
Goods -.5497 L1173 .0879 .0206 .1194 .0504 .0398 .0260 .0877
Food .0645 -.1782 .0231 .0054 .0313 0132 .0104 .0068 .0230
Clothing
and Shoes .1138 .0543 -.3278 .0093 .0553 .0233 .0184 .0120 . 0406
Casoline
and Oil .0804 .0384 .0288 =-.2537 .0391 .0165 .0130 .0085 .0287
Other Non-
Durable Goods 1157 .0552 L0414 .0097 -.3183 .0237 .0187 .0122 0413
Housing 0462 .0221 0165 .0038 .0224 =.1403 .0075 .0049 .0165
Heusehold
Operation .0898 0429 .0321 .0075 .0436 .0184 -.2763 .0095 .0320
Transportation .1053 .0503 .0377 .0088 .0511 L0216 .0170 -.3299 .0376
Other Services .0718 .0342 0257 .0060 .0348 L0147 .0116 .0076 —.2068

* Evaluated at mean expenditure proportions (1929-1969).

are suggested by the data. In Tables V and
VI our results are arrayed with comparable
results of selected related empirical studies.

V. DISCUSSION OF THE RESULTS

Income Flexibility

The numerical value of the income flexi-
bility parameter was found to be —0.3268.
This value gives an estimate of Frisch’s
money flexibility 1/¢ of —3.05, indicating
that a 1 percent increase in real income de-
creases the marginal utility of income by
about 3 percent. This value agrees closely
with —3.125, the value of 1/¢ which is re-
ported by Barten [1, 233]. Furthermore, it is
interesting to note that our value for 1/¢ lies
between Frisch’s money flexibility of —4 for
the slightly better off but still poor segment of
the population and —2 for the median part
of the population [5, 189]. The persistence
of this relationship between studies (as well
as the accuracy of our estimate) would sug-
gest that the estimate obtained is a reliable
policy parameter.

Marginal Propensities to Spend

As previously indicated, Table II reports
estimates of the parameters of the additive
preference model. In examining the table it
is of interest to note that the estimated margi-
nal propensities to spend, u,’s, are all posi-
tive, i.e., all theoretically admissible, signifi-
cantly different from zero, and sum to 1.
Also worth noting is that the estimated
marginal propensities to spend do not differ
considerably from their initial values in
Table I. This suggests that the generalized
least squares estimator b = (X'HY)"\X'HY
is numerically not very different from the
mean of true best linear unbiased estimator.

Although the marginal propensities to
spend may be alternatively viewed (as they
subsequently are) in terms of income elas-
ticities, some comments concerning the im-
plications of the results appear in order at
this point. Durable goods, the commodity
group which contains automobiles and auto
parts and furniture and household equip-
ment, has the highest marginal propensity
(0.31). The second highest marginal propen-
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TABLE V

253

CoMpARISON OF INCOME ELASTICITY ESTIMATES FOR MaJOR CoMMODITY GROUPS WITH OTHER STUDIES

Source and Period

Commodity Houthakker
Group Hassan et al. Boutwell Burk & TaylorP Powell et al.
(1929-1969) (1935-1962) (1947-1969) (1949-1965) (1929-1964) (1949-1953)

Durable Goods 2.4343 .6662

Food .6396 .7 .079 718

Clothing and Shoes 1.1279 1.24 .888

Gasoline and 0il 7972 1.209 <&

Other Non-

Durable Goods 1.1463 1.302 .79 2413
Housing - 4586 .06 -.048
Household Opera-~

tion Services .8901 .88 1.027
Transportation
<Services 1.0436 276 .399
Other Services .7114 JE17 .78 .874

® Short run estimates.

b Short run estimates.

¢ Including beverages.

TABLE VI

COMPARISON OF DIRECT PRICE ELASTICITY ESTIMATES FOR MAJOR CoMMODITY GROUPS WITH OTHER STUDIES

Commodity
Group

Hassan et =al.
(1929~1969)

Source and Period

Boutwell Brandow Hein®
(1935-1962)  (1923-1956)  (1946-1965)

Houtha.klceg

& Taylor

(1929-1964)

Powell et al,
(1949-1963)

Durable Goods
Food

Clothing and Shoes
Gasoline and 04il

Other, Non~
Durable Goods

Housing

Household Opera-
tion Services

Transportation
Services

Other Services

-.8586
-.3257

-. 4384

—-.2797

~. 4684
=.2037

-.3264

-.3626
-.3171

~1.8775
-.3413 =521

-.307

-.351

-.800

-.47
-.57

-.16

-.38

~-.03

-.37

=-.32
=41

-.622

-.274
-.641

3 Short run estimates.
Short run estimates.
¢ Including beverages.
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sity (0.15) is associated with the commodity
class called other non-durable goods. This
commodity group includes, among other
things, alcoholic beverages and drug prepa-
rations and sundries. The marginal propen-
sity to spend for food is also about (0.15).
The size of this value is somewhat surprising
and may be reflecting shifts to higher quality
or more highly processed foods. The re-
mainder of the propensities are about as
would be anticipated. The possible exception
is transportation services, which is (0.03).
This rather low value may be explained by
the fact that the commodity groups include
local transportation services likely to be used
by low-income individuals as well as air
travel, which is a high-income good. The low
marginal propensity may therefore be re-
flecting the balance between these two items.

Income Elasticities

In examining Table III, our attention is
first drawn to the pattern of income elas-
ticities. The main feature of the results ob-
tained is that all elasticities are positive. This
implies, of course, that all commodity groups
are normal—a result which is not surprising
in view of the small number of commodity
groups.

Five commodity groups have income
elasticities that are less than unity; i.e., as in-
come increases, demand will increase less
than proportionally. These commodity
groups are, therefore, necessities, the con-
sumption of which tends to remain approxi-
mately the same irrespective of income level ;
they are food, gasoline and oil, housing,
household operation services and other ser-
vices. The results for food, in particular, are
worth noting, since Engel’s law concerning
the decreasing share of expenditure on food
is confirmed. Income elasticities for clothing
and shoes, other non-durable goods, and

transportation services are all greater than 1.

Demand for these commodity groups is
likely to change approximately proportion-
ally with income. These commodity groups
may therefore be thought of as luxuries, al-
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though moderate ones. The highest estimated
income elasticity was obtained for durable .
goods. The elasticity is near 2, implying that
these goods are chiefly luxuries. As the gen-
eral level of income rises, demand for durable
goods will increase rapidly. As mentioned
earlier, this commodity class is highly in-
fluenced by automobile purchases.

Price Elasticities

An examination of the direct price elas-
ticities in Table III indicates that all have
the negative sign, which a priori theory would
lead one to expect, and that they have mag-
nitudes which indicate an inelastic price
response. These low direct price elasticities
are to be expected for the highly aggregated
groups of commodities. It is usually argued
that direct price elasticity of a commodity
tends to be more inelastic than that of the
goods which make up the particular com-
modity group. This is of course due to the
possibility for within-group-substitution by
consumers.

As might be expected from the previous
results regarding expenditure proportions
and income elasticities, direct price elastici-
ties for durable goods are high. The direct
price elasticities for food, gasoline and oil,
housing, household operation services, and
transportation services are all comparatively
low in value. Clothing and shoes and other
non-durable goods show high value for their
direct price elasticities, although smaller in
absolute values than those of durable goods.

The estimated cross price elasticities
(Table III) are comparatively small. This is
not surprising in view of the implications of
the additive preference model. Also worth
noting is that the estimated cross price elas-
ticities are all negative, i.e., the cross price
elasticities are reflecting income -effects
rather than the substitution effects of price
changes.

Slutsky Price Elasticities

Turning now to the Slutsky utility-com-
pensated price elasticities in Table IV, we ob-
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serve that all compensated direct price elas-
ticities lie between 0 and — 1. Also, all com-
pensated cross price elasticities are positive,
so that commodity groups appear as substi-
tutes and not as complements in consump-
tion. It is reassuring to find that all these re-
sults are in accordance with the utility basis
of the additive preference model. The income
elasticity vector 7, the price elasticity matrix
E, and the Slutsky price elasticity matrix E*
have signs which a priori theory would
lead ome to expect.

Yl. COMPARISON WITH SOME PREVIOUS STUDIES

It is interesting to compare the results pre-
sented in this study with those obtained from
other studies [2, 3, 4, 7, 8, 9]. In doing so, we
should keep in mind that due to differences
in definitions of commodity groups, in time
periods used, and in statistical models em-
ployed, these results may not be strictly com-
parable with estimates of other studies. They
are, however, comparable in terms of their
applied implications. That is, all are designed
to be used in economic planning and eco-
nomic development.

Several inferences can be drawn from the
comparisons provided in the compilation of
results in Tables V and VI. We begin with
the comparison of income elasticities. The
most comprehensive studies presented are
by Houthakker and Taylor [8] and Powell
et al. [9]. The short run estimates of income
elasticities reported by Houthakker and
Taylor [8] are the more similar to ours. The
larger differences occur for gasoline and oil,
housing, other durable goods, and transpor-
tation services. In each case the estimates we
obtained are larger than those given by
Houthakker and Taylor. The most important
discrepancy is for housing, where we find an
income elasticity of .4586 as against the .06
Houthakker and Taylor estimate. In view of
the similarity of commodity classifications,
the Powell et al. results appear quite erratic.
Specifically, the negative income elasticity
for housing, the rather small income elastic-
ity for transportation services and the small
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value for other non-durable goods are
counter to our results and somewhat incon-
sistent with observed patterns of consumer
behavior. The results from the Heien [7]
study are comparable to ours except for the
income elasticity for food. Here the agree-
ment of our results with the other reported
estimates would suggest they are the more
appropriate for policy purposes. The only
comparison available for durable goods is
from a study by Boutwell [2]. Here the differ-
ence in the two results may be to some extent
explained by our more current data base—
since incomes and durable goods purchases
in the United States increased substantially
during the 1960s. Generally, then, it would
appear that our results compare favorably
with those advanced on the basis of other
empirical research using similar behavioral
assumptions.

There is considerably more agreement
among the price elasticity estimates. Again,
the most comprehensive results are from
studies by Houthakker and Taylor [8] and
Powell et al. [9]. Of these two sets of results,
those of Houthakker and Taylor are in
closest agreement with ours. The rather sub-
stantial difference in income elasticities for
housing carries over to the price elasticities.
Powell et al. estimate the price elasticity for
housing at .038, Houthakker and Taylor
estimate it at —.03 and our estimate is
—.2037. As in the case of the income elas-
ticities comparison, there is only one related
result for the durable goods classification.
Here we find that Boutwell’s [2] estimate is
in excess of that reported from our analysis.
As a general observation, our price elastici-
ties appear to have less variance between
commodity groups than do the others. How-
ever, as mentioned before, this type of result
is to be anticipated in such aggregated com-
modity groups.

We conclude this section by noting that
an explanation of the differences among the
elasticities is rather difficult. It is conceivable
that variation among the studies is in part
attributable to the use of different functional
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forms by the authors. Also, it is possible that
deflating the variables may have influenced
the elasticities [12]. The Houthakker and
Taylor estimates are the most complete of
the alternatives, and in a number of cases
similar to those we present. The differences
which exist appear, however, to be of suffi-
cient magnitude to suggest that the results
we report can add to the fairly limited em-
pirical information price and income param-
eters for systems of demand equations.

VIl CONCLUSIONS AND LIMITATIONS

Based on the results of our analysis, several
inferences may be drawn from this study.
First, the empirical demand model employed
appears to be a viable approach to the esti-
mation of income and price elasticities. The
major advantage of the approach is the com-
putational ease with which demand systems
recognizing the interrelationships among
commodities can be obtained. Secondly, the
empirical results presented in this paper are
generally satisfactory. All the demand clas-
ticities have the anticipated signs and have a
magnitude which appears to be reasonable.
They are also well within the range of the
intuitively reasonable results obtained from
other studies. Furthermore, the results seem
to justify the assumption of direct additivity
when a broadly defined classification of com-
modities such as food, clothing, etc. is
adopted.

We close with some precautionary re-
marks. Although the demand model we have
employed is a step forward in terms of the
feasibility of estimating a complete set of
demand functions, the additivity assumption
is rather restrictive. It rules out the possibil-
ity of specific substitution effects, the possi-
bility of inferior goods, and the possibility of
complementary goods. In evaluating the
results obtained, we again need to emphasize
that the empirical demand model specified is
a static one. Resuits for such items as durable
goods must therefore be interpreted with
considerable caution. Also, since the vari-
ances of the sampling distributions of the
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estimated demand elasticities have not been
explicitly derived, their statistical reliability
cannot be investigated. While the former
limitation is to some extent reduced by the
favorable comparison with the Houthakker
and Taylor results, it remains a problem. The
similarity and comparative completeness of
the two sets of results would suggest, how-
ever, that the added computational problems
posed by the dynamic considerations [8, 205]
yielded only modest additional applied in-
formation. The latter reservation regarding
sampling properties is quite important and
can only be lessened by the consistency of
the results within our analysis and between
studies.
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