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FOREWORD

Understanding the nature and dimensions of the world food problem and
the policies available to alleviate it has been the focal point of the I1ASA Food
and Agriculture Program since it began in 1977.

National food systems are highly interdependent, and yet the major policy
options exist at the national level. Therefore, to explore these options, it is
necessary both to develop policy models for national economies and to link
them together by trade and capital transfers. For greater realism the models in
this scheme are being kept descriptive rather than normative. In the end it is
proposed to link models to twenty countries, which together account for nearly
BO per cent of important agricultural attributes such as area, production, popu-
lation, exports, imports and so on. ' ‘

In the course of the work on the development of models of centrally
planned economies, the difficulties of estimating parameters of consumer
behavior in such economies where consumer markets cannot be assumed to be
in equilibrium become apparent. Since the understanding of consumer behavior
is critically important in formulating plans and desigining policies that facilitate
the realization of plans, we have explored alternative approaches to this prob-
lem. This paper proposes one possible approach to estimating consumer
demand relations.

Kirit S. Parikh
Acting Program Leader
Food and Agriculture Program



1. INTRODUCTION

The purpose of the present paper is to outline some major methodological
problems connected with the estimation of demand relations in contemporary
Poland. After presenting some crucial specific features of the market mechan-
ism in that country, the author points to the fact that, because of the lack of
immediate price or supply adjustments, situations may occur in which the level
of supply of a commodity falls below the level of demand. Such situations intro-
duce bias if the demand relations are estimated by conventional methods. To
avoid such bias special methods must be designed, and the author presents
some of these methods. Next, a linear expenditure system is considered, and
the final section of the paper is devoted to the problem of determining whether
it is possible, under conditions of insufficient supply, to define a measure of
demand shifts induced by such market disequilibrium.

2. MARKET MECHANISM IN POLAND

When considering the market for consumer goods in Poland one must con-
clude that there are really two different markets, although these are to some
extent interrelated. First one must mention the state (or cooperative) market
operated by socialized enterprises. On this market consumer goods are sold at
prices determined by central state authorities or by appropriate local or sec-
toral organisms. The second market is a private one. It is operated by private
individuals, and prices there are determined by the law of supply and demand,
although the prices of some commodities are subject to state control. The
private market deals primarily with such commodities as are produced by
private farms and which are not sold to state trade organizations, or which are
made by craftsmen. The share of the private market is small, although for some
goods (fruits and vegetables, curios, second-hand transactions) its role is really
significant. The level of prices on the private market follows to some extent the
movement of prices charged by state and cooperative organizations, especially
when it comes to a general inflationary component. However, since it is the
state and cooperative market which is predominant, we shall concentrate on its
analysis, or more specifically, on its mechanism.

The first important observation to be made is that owing to the determina-
tion of prices by the state, no immediate dependence of price level on demand
and supply is observed. If corresponding shifts of price occur, they are u5111a11y
made with much delay, such delay often being on the order of several years.

Second, one must note that the supply of commodities produced by the
socialized sector does not immediately depend on price level, the main supply-
determining factor being economic plans. Such plans reveal state preferences,
and although enterprises have in most cases the possibility of modifying the
plan, the range of their possible maneuvers is quite limited.

Third, one must note that consumers are in principle free to make their
decisions about what they will buy with their money, this freedom being limited
by the existing structure and level of supply of various consumer goods. Conse-
quently, the consumers buy such commodities which will best satisfy their
preferences. One might add that various studies of demand pattern in Poland
have revealed considerable inertia in their purchasing habits, which causes trad-
ition to be one of the important demand-determining factors.

Tt is interesting to build price or supply equations to look for an adequate lag system and
thus to make inferences about the speed with which planners react to changing economic
conditions.
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3. THE SITUATION OF INSUFFICIENT SUPPLY

The fact that there is no instantaneous feedback influence of demand on
price and on supply makes it possible to consider demand equations in a market
mechanism model as statistically independent of the other two typical equa-
tions, namely, those representing the variations of price and of supply. A
further implication of this fact is that the demand equation can be indepen-
dently estimated, usually by ordinary least squares method. Obviously this
greatly simplifies the computations.

On the other hand, one should not overlook one important pitfall. The lack
of immediate adjustment of price (or of supply) to demand level makes it possi-
ble to encounter such situations (within months, quarters, and years) when the
actual level of supply of a given commodity is less than the level of demand for
it. If, within the sample, there is only one such period, such an atypical ocbserva-
tion can simply be dropped out. If their number is larger, however, the problem
becomes an important one. Since time series data are usually short, throwing
away a number of observations means a significant decrease of sample size
together with incurring all the known perils and consequences of basing one's
inference on a small amount of data.

Retaining the observations which pertain to periods of inadequate supply
means that the statistical data for such periods do not reveal demand but
rather supply. Therefore, time series referring to the values of the dependent
variable of the demand equation consist of a mixture of data referring either to
demand or to supply. The statistical consequences of such a situation will be
more fully considered in the next section.

Let us denote by N, the phenomenon of inadequate supply of a given com-
modity in time t, i.e., the fact that in time t the level of supply is lower than the
level of demand for this commodity. Let us also denote by Jy the set of all such
sample periods for which the phenomenon N, has occurred.

Let further d, denote demand in time t and d, the level of sales observed
in time t € Jy. Without any loss of generality we can write

d; = d; ~z, (1)

where z, can be called the level of insufficiency of supply. Variable z, is non-
negative and assumes the value zero when the level of supply is sufficient to
meet demand and z, > 0 for all t € Jy,.

For nonlinear (Cobb-Douglas type) demand models the level of insufficiency
of supply is better expressed in relative terms. Thus, instead of (1), it is more
convenient to use the formula {(with 0 < z' < 1):

d, = z'd, (@)

Of course, both z; and z;' are unobservable statistically. On the other hand, it is
possible to single out from past experience not only all such time periods which
belong to Jy but also to form a general idea of how z, changed in the past (for
instance if it had a constant value or if it exhibited a time trend).

4. THE CONSEQUENCES OF INSUFFICIENT SUPPLY

We shall try now to establish the consequences of insufficient supply for the
estimation of demand relation. For this purpose we shall assume the demand
relation to be linear.

X
D = 12—31 o Xse + €t (3)
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and the estimation method that of ordinary least squares. The rmain and most
general result of analysis of the consequences of insufficient supply can be
presented by means of the following theorem:

Theorem I If the relation (3) is estimated by ordinary least squares and the
set Jy is not empty then the estimate @; of parameter q; is equal to

_al = ai - bz'xi (4)
where a,; is the estimate of a; which would be obtained if Jy was an empty set,

and by b,|x We denote the ordinary least squares estimate of parameter g, in the
following relation

X
Z = .21 BiXie + M (5)
1=

To prove (4) it suffices to observe that 3, is obtained as the ratio of two deter-
minants W, and W, namely

2
Z xlt Z XltXa e Z x]tht
D XpXyy ZX% ... I XpXpy
wel o : ®
L XpiXqp & XpiXop o .- & xft
and
Ldixy E XpXp - - D XppXpy
Tdxp Zx5 .. DxpXpg
W“l = . . . (7)

Since the way the explanatory variables of demand relation are allotted
their subscript is conventional, we put i = 1, which simplifies the notation. Thus,
any explanatory variable of (3) can be thought of as appearing in the first place
on the right-hand side of the equatiocn.
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However, because of (1), Wy, can be rewritten as the difference of two deter-

minants.
Tdxy x5 ... I XpXpg
Wo, = + (8)
L2z Xy XXy - - B XX
T 2% T XaXa oo D XK

or W, = Wal(l) + Wal(z). Now, it is easily seen that the ratio Wai(l)/W gives a;,
while Wal(z)/ W gives the estimate of 8;. This completes the proof.

As can be seen from (B), the insufficient supply situation bias vanishes when
z; is uncorrelated with X;. Let us suppocse, on the other hand, that this correla-
tion does exist. The sign of bz|x, depends on the character of the X, variable and
on the time behavior of the level of insufficiency of supply.z Other ways leading
to the annihilation of the effects of insufficient supply will be presented in the
next section.

5. ESTIMATION OF INSUFFICIENT SUPPLY BIAS

It is possible to derive a number of theorems stating the conditions under
which the demand relation (3) can be modified so as to make the bias disappear.
The most general one can be stated as follows.

Thearem JI. Let the demand relation to be estimated be of the form (3) and
let the situation N occur for at least one sample period, so that the set Jy is not
empty. If the variable z, exhibits such sample variation that it can be described
by the function

L

h(t) = Z thj(t) (9)

i=1

where h,(t), hp(t).....h{t) are known functions® and c;. Ca.....c, are constant
coefficients not all equal to zero, then the bias b, |y defined by (4) vanishes if the

set of explanatory variables of relation (3) is increased by adding to it as new,

% For Polish conditions, for example, the correlation of Z with both income and price vari-
ables is likely to be positive. Since for the income variable a; is usueally positive, this means
that insufficiency of supply results in increasing the estimated parameter value. But, since
the coefficient standing for the own price of the commodity is usually negative, the result
i1l be that of decreasing the absolute value of the estimate, etec.
For instance, h(t) may be defined as t) or as hy(t) = In t, ete.
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additional explanatory variables Xy41y = hy(t),... XksLt = hrgy-

The proof of this theorem is very similar to that of Theorem 1. It suffices to
note the fact that for the augmented” demand relation the determinant W, has

the form

L
W, = 3 W, 0 (10)
i=0
where
P) thu = X1tXpy - . X X141 Xkt b) thl(t) U thL(t)
z dLth z Xgat ... X Xot Xyt z Xahl(t) ... thhL(t)
Wal(o) =X dlxh z XieXoy - - - z Xft z Xhhl(t) R thhL(t) (1 1)
Z dihy(t) Z hp(t)xa ... T h(t)x, T h(t)h,(t) ... T hi(t)

while the determinants Wai(j) are similar to Wa,(°) but for the fact that their first
column is equal to the following vector

cj I hy(t) x1y
e; 2 hy(t) xa

Vj = Cj p) hl‘(t) Xkt (12)
Cy b} hl(t) hl(t)

c; Z hj('t) hy(t)

As is easily seen for j> 0, the determinants Wa,m all have two proportional

columns and hence are equal to zero. The estimate of a; reduces then to the
ratio of determinant {(11) to the determinant of the system of normal equations
which correspond to the augmented demand relation, i.e.

% In what will follow the augmented demand relation will denote relation (3) with additional
explanatory variables.
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Z xf LXpXer .- ZXpXe Zxphy(t) . T oxpehy(t)
T XaX1t Lx5h ... IXeXa ZXxgh(t) ... T xphy(t)
W=1|Z Xt Xt z XpaXot - - - p> Xﬁt z thhl(t) oo Z xkthL(t) (13)
z hl(t)}(n z h](t)xgt D) hl(t)xkt bX hlz(t) NP hl(t’)hL(t')
T hy(t)xy Z ho(t)xsy . . . Z hi(t)xe I hy(t)hy(t) ... T h¥(t)

However, Wai(°)/ ¥ is the "correct” ordinary least squares estimate of a;, and this
completes the proof of the theorem.

Two important conclusions follow from Theorem 1I. These can be stated as
follows:

Conclusion /. If Iy = IV UIR where J{ is a set of sample periods such that
for all t € J,S‘) the level of insufficiency of supply is equal to a constant level
cl # 0 and J§P is a set of sample periods such that for all t € J§¥) there is
Zi = cR # 0 and cl # c2, then the bias due to insufficient supply can be elim-
inated by augmenting the demand relation (3) by two dummy variables, V} and
V3, say, such that VI = 1 for all t € J§{) and Vi = 0 for all t ¢ J§!) and V§ = 1 for all
teJfF) and V§ = O for all t ¢ JP.

Conclusion | corresponds to the situation when (9) represents a step func-
tion. If h(t) has j # 1 steps then the conclusion presented above can be general-
ized stating that the augmented demand relation must contain j different and
appropriately defined dummy variables.

Conclusion /I. 1f within the sample period variable z, exhibits a time trend
which can be described by function

B(t) = 70 + 71t + yat? 4.+ petS (14)

then to eliminate the bias due to a situation of insufficient supply, s additional
explanatory variables must be introduced into the demand relation, namely
t, t%,..t0

From the point of view of practical applications it is important to get reli-
able information about the variation of z, within the sample period. Since the
level of insufficiency of supply is not directly observable, one must make use of
indirect approaches. Either one uses past experience of market conditions and
makes inferences about the growing or lessening gap between demand and sup-
ply or, alternatively, one may first estimate the relation (3) as it stands and then
compute the residuals. Large negative residuals will suggest the periods when
situation Ny may have occurred.

To conclude the argument let us finally add that if instead of linear relation
(3) there is a nonlinear one of the Cobb-Douglas type, then to augment it the
dummy variables and the time variables enter it in an exponential way, i.e., as
exp(aV) or exp(atl).



6. A LINEAR EXPENDITURE SYSTEM

The present section will be devoted to the presentation of a simple linear
expenditure system which was devised by this author and which was used in
some empirical studies aimed at analyzing the pattern of consumers' expendi-
ture in Poland.

The following assumptions underlie the model:
(a) Expenditure in various years is measured in real terms.
(b) The expenditure system is linear and additive.

(c) The expenditure model refers to total expenditure, to expenditure on
groups of commodities and finally to subgroups of commodities.

(d) The model has a hierarchical structure; i.e., the higher level expenditure is
assumed predetermined when it comes to modeling the expenditure for the
lower hierarchical level.

(e) Furthermore, expenditure is assumed to depend on relative prices defined
as ratios of two price indexes.

For the highest level, i.e. for the total expenditure formation, the following
equation has been used.

We=o X + apM + o + 74 (15)

where W denotes total expenditure, Y is total income and M represents a variable
expressing ei%her the general state of the national economy or the consumers’
expectations.” The second stage of the model mechanism refers to the forma-
tion of expenditure of the various commodity groups, the number of groups
being G. Here, the typical equation explaining the expenditure on the i-th
group of commodities is defined as

G
Wi = BuWe + 20 7P + Bio + £i (16)
j=1
ivi
In (18) P, represents the price variable. As has already been mentioned earlier,
the price variable is defined as the ratic of two price indices. In its numerator
appears the price index for the j-th commodity group, and in the denominator
the price index for the i-th group (i # j). In practice some price variables may a
pricri be eliminated when it is felt that no price influence for two given groups
exists. PFinally there are also equations explaining the formation of expenditure
In various subgroups, the number of subgroups in the i-th group being equal to
S;. At this stage of modeling the group expenditures are assumed to be
predetermined, and the model tries to explain the distribution of W; into sub-
group expenditures Wy,. The typical equation now has the form
5
Wint = BineWie + 12 YinPrit + Bine + int (17) -
=1
l1#h

Here Py, is the price variable for the subgroup level and is defined as the ratio of
the price index for the I-th subgroup within the i-th group to the price index for
the h-th subgroup within the i-th group of commeodities.

In order to achieve additivity of the expenditure system some constraints
are introduced, namely that for eachi = 1, 2,...,G there be

°In

the latter case variable M has the subscript t+1 instead of t.



e |
Y, Wi = Wy (18)
h=1

and that summing up of group expenditures gives the total level of expenditure,

i.e.

G
2 wit =W, (19)

i=1

Using the relation (18) one arrives at the following constraints imposed on the
parameters referring to subgroup equations

5
2 B =1 (20)
h=1
and
S _ i=1,2..0G
,?l YmPr + Bmo = 0 hl=1,2..5; (21)
1#h

Similarly, for the level of group expenditures, the relation (19) leads to the fol-
lowing constraints

[
2 Bir =1 (R2)

i

7ij?j + Bio=0 i=1,2..0G ‘ (23)

* ™o n

ji=1
j=i

The constraints (20)-(23) must be used in the process of estimation of the

model. In (21) variable Py and P; in (23) denote the arithmetic means of the
corresponding variables observed in the sample period.

7. SUBSTITUTABILITY OF EXPENDITURES WHEN SUPPLY IS INSUFFICIENT

To conclude, we would like to point out still another aspect of demand
analysis under conditions of inadequate supply. The insufficient level of supply
of some commodity may--and usually will--lead to increased purchases of
another commodity which is not in short supply and which can be used as a sub-
stitute for the missing one. A measure of such induced substitution is therefore
needed. Several possible solutions can be thought of. The simplest one is

AW
A= —— 24
1 ij]t ( )
which exprgsses the ratio of observed changes of expenditures on two compared
subgroups.- The weakness of this measure, however, is that the changes of
expenditures may also have been induced by factors other than the insufficiency
of supply. A better measure is provided by
Oy
e =P o- (25)
1
where pp denotes the coefficient of correlation of the random components
appearing in the equations for expenditures on the h-th and l-th subgroups

B — .
Let us note that here the subgroups need not belong to the same expenditure group.
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respectively, and g),0, denote standard deviations of the random components. If
Az < 0 then one can say that the expenditures on the two compared subgroups
are substitutable.
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