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1. Introduction

Most empirical work dealing with socialist economies appears
to be oriented towards macroeconomic problems or at least to the
study of highly aggregated time series. Examples are provided by

0. H Howard (1976), M Lacko (1975), L. P o d-
kaminer (1982), R. Portes and DD Winter (1980),
R. Portes, R.E. Quandt, 0. Winter and
S. Yeo (1983, 1984, 1985), W Welfe (1983), and W
Charemza and M Gronicki (forthcoming). Only

relatively infrequently has a particular market been the target
of detailed empirical investigation; a case in point is the study
of the Hungarian car market byZ. Kapitany, J Kornai
and J. Szabo (1901).

In the present paper we examine the complicated structure of
a consumers' durables market on which shortages occur and which
generate parallel mechanisms of exchange. Such an undertaking
differs markedly from analogous endeavors in the context of free-
-market economies. Some of the more salient differences are the
following.
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1. In the free-market context it is commonly assumed that
either equilibrium is attained or if not, a continual approach
to equilibrium occurs because of a partial adjustment to a dis-
crepancy between desired and actual stocks. In socialist econo-

mies prices are controlled and change only infrequently and it
is commonly argued that socialist economies invariably exhibit
excess demand (j. Ko r n ai (19B0), 3. Pickersgill
(1980), J. Winiecki (1982), W Balicki (1983)),
without any tendency to approach equilibrium. Although this pro-
position is debatable for aggregate demand and supply R. Por-
tes and 0. Winter (1980), R. Portes, R E
Quandt, 0. Winter and S Y e o (1983, 1904, 1985)),

we consider the assumption of permanent excess demand to be rea-
sonable for particular consumers durables.

2. The notions of permanent income and rational expectations
play a prominent role in free-market approaches to characterizing
durables markets (B. S. Bernankn (1983)). Whether the
change desired stocks of durables such a3 cars is proportional to
permanent income in socialist economies is certainly debatable.
It is also not clear whether the rational expectations view is
entirely reasonable in an environment in which central planners
can abruptly alter both the lifetime prospects and the transitory
component of income.

3. If it is true that there is permanent excess demand, we
must ask what theory of consumer behavior i3 compatible with that
state of affairs. If consumers expect to be rationed, then at

least according to the Qrfeze concept, their effective demands
ought not to exceed their allotted rations. It is also not clear
whether consumers can be thought of as adjusting their labor sup-

ply between work and leisure (and between the normal economy
and the underground economy (W. Charemza and M
Gronicki (forthcoming)) in response to perceived ratio-
ning in commodity markets. We must therefore investigate, at

least schematically, what kind of utility function is compatible
*ith a reasonable definition of permanent excess demand.

4. In comparison with free market economies, the data pro-
blems are enormous. Even for the car market, for which data seem
to be relatively abundant, no data are available on the stock of
cars anl so no aggregate equations such as those of G C. Chow
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(1957) can be estimated. There are no panel data and so proce-
dures such as those of B. S. Ber nanke (1983) are not
possible. In certain submarkets one cannot even ascertain the
quantity of cars transacted. Under these circumstances, model
formulation and estimation ere going to he difficult.

In Section 2 we introduce a simple model of the consumer that
is compatible with the stylized facts of the market. In Section
3 we discuss the basic features of the automobile market and spe-
cify our model. Section 4 is devoted to problems of estimation
and Section 5 contains a discussion of results . Section 6 con-
tains some brief conclusions.

2. A Model of the Consumer

It iS a fact of life in socialist economies that «certain
consumers durables such as cars are, on the whole, not readily
available. Consumers have to queue and this is said to be compa-

tible with the normal state of the market (J. Kornai and
3. W Weibull (1978), B. G. Katz and 0. Owen
(1984)). An important feature of such a situation is that, at

any one moment or over any unit period, the number of consumers
requiring service (demand) is greater than the number being ser-
viced (supply); moreover, that this situation can represent an
equilibrium in the sense that there are no forces tending to
change the queue. We illustrate this with a very simple model,
related to that o1 C. M Lindsay and B. Feigen -
baum (1984), and lacking the elaborateness of 8. C. Kat z
and J. Owen (1984).
We posit the simple utility function

V(x,y) = U(x) ¢ fe~ *wy (2.1)

where x is a composite good with price normalized to unity, U(x)
is concave, y = 1 if the consumer enters the queue for the diua-

*
We are indebted to Gregory C. Chow and Stephen M Goldfeld,
Barbara G. Katz and David Kemme for useful comments. Responsibi-
lity for any errors is our own.



Ule good at the present time and zero otherwise, w is the amount
of time he has to wait for the delivery of the durable good and
y is a parameter that may assume different values for different
consumersl. The waiting time acts as a kind of discount rite and
converts fulurfi car services into present utility (for simplici-
ty we assume that p is identical for all consumers). The ad-
ditive separability of the two types of goods appears reasona-
ble but otherwise the utility function is chosen to express the
effect of queuing as conveniently as possible. Given an income
M the budget constraint is

x 1 M if t(ie consumer does not enter the durable goud queue (2.2)

X * M- p otherwise

where p is the price of the durable good. The expected utility of
the consumer is

u(M) if he does not enter the queue

UM - p) +jJE(e~ Pw) otherwise.
He will enter the queue if
UM - p) ¢ fE(e" P") >U(M). (2.3)

Assume that (2.1) we have a continuum of consumers, each
characterized by a particular value of f > U with density
h(jf), and (2.2) arrivals in the queue and service in the queue
are independent with arrival and service rates \ and respecti-
vely (p>\.) and that the interarrival and interservice times are
exponentially destributed (which preserves the Markov property
vt the process). In the present context the arrival rate is the
rate at which customers arrive at the queue and the service rate
is the rate at which customers in the queue obtain the durable
good. Then the density function of waiting time w is

f(w) = (@i - X)e-(H " Xw (2.7

1 We would gain some generality at the cost of a substantial
increase in complexity if we note the utility function as U(x) +
+ Ff(w), with f'< 0, fH> 0.
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It follows immediately that

6
(2.5)
where 6=(p - X)IE Then (2.3) becomes
r > (UM) - UM ' p)) 2yo0 (2.6)
and the fraction of consumers entering the queue is
Pr J h(f)df « 1 - H(yQ) (2.7)
ro
where H is the cumulative distribution function of h. If N is
the total number of consumers, the arrival rate A is NP. The

arrival rato depends on P and in turn determines P as the outcome
of optimal decisions by consumers; an equilibrium exists if the
mapping p P possesses a fixed point. The key notion here is
that one of the parameters of thB queuing, the arrival rate, is
endogenous. The arrival rate (as well as the service rate, and
the parameters of the utility function) determines the expected
waiting time and that Influences the results of utility maximi-
zation, which in turn determines a new value of the arrival rate.
Consumers are in equilibrium If no further adjustment is neces-
sary; i.e. if the expected waiting time "assumed" in the utili-
ty maximization exercise yields anu arrival rate which implies
that same expected waiting time. It is simple to show that

P«i-H (um) (2.8)

has a unique solution for P in the 0 < P< 1- H(yQ) Interval.

We take the expectation unconditionally (i.e. not condi-
tioned by queue-length) since we are more interested in the case
in which this variable is not observed. For a more detailed but
similar development see B. G. Katz and J. Gwen (1985).



Then the expected waiting time and queue length corresponding
to this solution value of P are themselves equilibrium values.

From (2.0) we immediately obtain several comparative statics
results. Denote by PM, Pp, P* the partial derivatives of P with
respect to M, P and [ respectively, and let /1 U denote uM) -
UM - p). Differentiating (2.8), we obtain

N AU
- H (U'(M - p) - U(M)) 1+H
PM - H (p- NPY

1 T NAU 1

UM - p)y/ 1 H-eeeeemr 2

- I (H - NP)2

nm NAU
(8 - NPy @5 - NP)*

H*, AU and U are positive and U(M - p) - U(M) is negative (by
virtue of the concavity of U). Hence PM> 0, Pp < 0 and P*»> 6.
From the latter it follows that an increase in the service rate
increases the willingness to enter the queue, whoreas an increase
in £, i.e. the rate at which utility decays with waiting time,
reduces the willingness to enter the queue. But no matter how the
parameters of the problem change, in equilibrium there will al-
ways be a queue, even though more unfavorable..circuinstances reduce
the willingness of consumers to enter the queue.

In the light of the above it is convenient to interpret excess
demand in the aggregate time series sense to consist of the dif-
ference between the quantity demanded by consumers in the queue
on the average in a given time interval and the quantity made
available in that time interval. Although in a flow sense there
is no excess demand in the queuing model, since the arrival rate
roust be less than the service rate, the amount of goods consumers
are willing to purchase at any one time interval may be much*
greater than the amount of goods delivered in that interval. The



consumer optimizes on the basis of hie income, prices and waiting
tine and an equilibrium emarges in which the waiting time is en-
dogenous and is jointly determined by the consumer s decision
to enter the queue. Although his expectation of long waits re-
duces his probability of entering, ir. equilibrium there is no
reason for the queue to disappear. "Disequilibrium"™ is thus some-
what of a misnomer: the lack of equality between demand and
supply is an equilibrium property of the system.

3. An Example: The Automobile Market

The markets for cars and dollars (and other Western curren-
cies) are the best known oxamples of parallel merkets in cen-
trally planned economies, especially in Poland. These markets are

large and exert a strong influence on smaller legal and illegal
fields of private activity. They are also relatively well-orga-
nized and statistical data about them, however incomplete, are

more plentiful than about other markets. The Polish car market
is described in detail by Z K rasinsk:@ et. al. (1980)
and by K. Starzec (1983).

The complicated structure of the car market is derived from
tho fact that various systems exist for conveying new cars from
the seller (the state) to consumers. The institutional arrange-
ments provide for different prices and methods of payment in each
of the resulting submarkets.

A major distinction is between cars that are on the market
for the first time and second-hand cars (though note that this
distinction is not the same as that between'new and used cars,
since some new cars are purchased for speculative reasons and
are immediately resold). The supply of cars sold for the first
time is predominantly from the state. In the period under in-
vestigation (1973-1V to 19B3-1V) the private importation of new
and used cars wa3 negligible and amounted to 4.6% of deliveries
in 1974 and 3.6% in 1979 (Z. Krasinsk.i et. al. (1980)).
The rest of the supply came from the state and consists of



cars manufactured in Poland, as well as imported*. The cars sold
by the State are actually sold by state enterprises: primarily
by PQLMDZBYT, which sells cars for Polish currency (zlotys) and
by PEWEX, which sells cars (and other consumption goods) for U.S.
dollars and other hard currencies4. In the 1974-1979 period the
percentage of total state deliveries accounted for by dollar
sales ranged from 16 to 23X (7. Krasinsk.i et. al.
(1980)).

The official zloty price paid by consumers to POLMOZBYT re-
sults in delivery of a car after a long period in the queue,
which anecdotal evidence reports as measured in years. The price
is extremely stable: for the Fiat 125p, for example, it was
changed only three times in the 1974-1982 period. This zloty
price is invariably the lowest price at which a car can be pur-
chased”. .

The cars sold by PEWEX were usually available without ap-
preciable queuing and often of higher quality. Although it s
convenient here to pretend that all these sales were against dol-
lars, they were in fact against dollars and some other hard cur-
rencies as well as against ‘dollar vouchers’ . (For a similar
practice in Hungary: see Zs. Kapitany, J.. Kornai,
0. Szabo (1984)). The legal aspect of these transactions
is not straightforward. Polish citizens were allowed to import
and possess Western currencies but could legally sell them only
at official banks at an official price. Oollar vouchers, on the
other hand could be obtained at banks for dollars at par and

In 1974-82 the cars produced domestically were mainly fiat
125p, fiat 126p, syrena and polonez (since 1978). The import of
new cars accounted for 10-30 percent of total deliveries and con-
sisted mainly of skoda (from Czechoslovakia), trabant (from the
GDR)21 and zaporozec (from the USSR).

Besides PEWEX there exist some other enterprises authori-
zed vo sell cars for dollars but are of minor importance.

5 The basic price was subject to some other types of wvaria-
tion. Sometimes it was combined with a lottery for a place in the
queue. At other times (1979-80) an ‘express price* was intro-
duced which was substantially higher than the basic price but ,in
effect eliminated queuing. There also existed a combined dollar-
-zloty price as well as a system of coupons to,avoid queuing that
was available to privileged groups of consumers. (Z. Krasin-
s ki et. al. (1980)).



could also be freely traded at presumably market clearing prices
and also used to purchase cars at PEWEX. The free market for dol-
lar vouchers and the black market for dollars are closely rela-
ted and in this paper they are regarded as a single market. The
prices of dollar vouchers and black market prices for dollars
were nearly identical and from the point of view of the potential
car buyer it made no difference whether be paid PEWEX in dollars
or dollar vouchers. If not imported from abroad, either of these
instruments had to be purchased privately. In general, hard cur-
rencies played a significant role in private Polish economic
activity. It is estimated that U.S. dollars in circulation in Po-
land ranged from 1.5 to 6 billion dollars (3. MojkowsKk.@i
(1984)) and various estimates put the monthly volume of black
market hard-currency transactions alone at 2.5-4.2 million dol-
lars6.

A third markot for cars is the second hand market in which
cars are sold by private firms specializing in the sale of second
hand cars, by advertising and principally through ‘car exchan-
ges' organized in large cities as open-air markets7. There is
reason to believe that prices in the second hand market (in zlo-
tys, dollars or dollar vouchers) were market clearing.

To summarize: there are in effect three markets for cars
in Poland. The fir3t is tho official zloty market for new cars
that doe3 not have a market clearing price. The second is the
official dollar market for new cars (PEWEX) that involves shorter
queues and higher prices. Finally, there is the second hand market
in which queues aro negligible. In the latter two, the price pre-
sumably does clear the market.

K Starzec (1983) suggests that dollars are bro-
ught to Poland by diplomats, Polish citizens temporarily abroad
(Seaman, etc.); to this we may add undetermined amounts of re-

mittances from relatives in Western countries. It should be noted
that there is some disagreement about what the facts are: C Si-
mo n (1982) estimates private hoards of U.S. dollars in 1980
as no greater than 300 million. However, all sources seem to
stress that hard currencies represent a substantial part of the
entire stock of money in private hands.

7 As indicated earlier, second hand cars are not necessarily
used cars in that a new car purchased from the state could be
immediately resold at a profit in the second hand market.



4. The Basic Model

An ideal model would specify demand and supply functions for
all three submarkets and the stock of cars would play an impor-
tant role in this specification at various points. Unfortuna-
tely, such a model would not be practical because key data re-
quired by it are not available. For the period investigated,
1973-1V to 19B2-1V, we have found no quarterly data on the stock
of cars, nor on the quantities of cars traded in the PEWEX market
and in the second hand market. In general, one would have to
consider this lack a serious disadvantage in attempting to esti-
mate a car model. However, in Poland it appears reasonable to
argue that, because of permanent shortage, the stock of cars has
never reached a level at which it would exert an appreciable ef-
fect on the demand. We therefore content ourselves with an in-
ferior specification in which some of the structural equations
are already partially reduced; i.e. they stand between the ori-
ginal structural equations that would emerge from agents' opti-
mizing behavior and the reduced form equations.

Notation. For simplicity of the subsequent derivations we
denote the jointly dependent variables by y*, y2, Yy By Zj, z2,
Zj we denote functions of predetermined variables and parame-
ters. We first define the symbols as follows:

y* = demand for new cars in zloty market

y2 * BVISRP

yj = PFIRP

ry = a (INC/RPb«2E(BMSfj/RPbOjDUM -w4PO/RP

z2 ; p0 « PjCAR + R2PQ/RP

z3 =e0 ¢ CI1(PF/RP)_1 - £2(bm$/rp)_j ¢ e3pol/rp

where8

4 For a.more detailed definition of variables see Appendix A



BV - black market price of U.S. dollars;

RP retail price index;

PF * zloty price of second hand cars;

INC =nominal personal income;

OUM =the *“success illusion”™ dummy equals 1 for 1978 - 1 to
1979 - 1 and 0 otherwise;

PO = the official zloty price in the new car market;
PCO * the official dollar price of new cars in the PEWEX
market;

CAR = quantity of cars (supply) made available to the zloty-
-denominated new car market;
E( ) = expectation of ( );

$2° 23 * n°™ally distributed error terms, independent
of one another.

The first equation of the model is the demand function for
new cars in the zloty market and is a proper structural equation.
We specify it as

*1 + a2y2 * edy3 * zZ1 * *1 <31>

In view of the previous discussion, it is the demand (per unit
period) of ail those who receive cars from the state and who are

willing to pay zlotys for them, plus those who are still in
the queue. A priori we expect > 0 (an increase in real per-
sor.nl income increases car demand), <*a>0 (the relative price

effect; the greater is the free market price relative to the
official new car price, the greater the demand for new cars) and
a >0. This latter is attached to a dummy variable which takes
values of 1 during certain quarters (1978-1 to 1970-1) of the

Gierek Govern/went when the illusion of success for the Polish
economy appeared to be widespread . The coefficient is expe-
cted to be negative. Combining the appropriate terms on the
left and right hand side of equation (3*1) shows that is

The substantial investments made by the Gierek government
in the first half of the 1970 s had backfired for a variety of
reasons, including bad harvests, and led to increasing foreign



really the coefficient of E(BM$"j/RP) - BM$/RP; it measures
the effect of an expected real increase in the price of dollars.
We posit a negative sign here on the grounds of the substitution
effect: the expectation of more expensive dollars in the futu-
re, will tend to increase the current demand for dollars and,
ceteris paribus, reduce the current demand foi new cars

The second equation of the model can be thought of as resul-
ting from equating demand and supply of cars in the PBEWEX market.
Let demand be given by 0 = 0(PCO(BM$/RP), PO/RP, yt - CAR INC/RP),
expressing that demand depends on own price (recalculated in
zlotys through the black market dollar price), the competing pro-
duct’s price, on excess of unsatisfied demand in the competing
market and on income. It is much harder to describe the supply
function. Zs. Kapitany, J. Kornai and J. Sz a-
b o (1984) argue that supply is not affected by price earid pro-
fitability but by the planners'general social goals, some macro-
variables such as trade balance, and by excess demand for the
cars. We therefore take supply to be a linear function of excess
demand in the zloty new-car market plus a random error. Equating
demand and supply yields an equation that explains the dollar
price of PEWEX cars. Income already affects U through vyj - CAR
and we delete it from 0 in the main runs to reduce the number of
parameters to be estimated. (In one run, however, we retain INC/
/RP in the equation.) The second equation of the model can then
be written as

- plvl * PCDy2 =2z2 *t2 3.2
p y

The "dependent" variable explained by (3.2) is PCOy2, i.e. the
implicit zloty price of PEWEX cars (in this, however, PCO is
exogenous and fixed by the authorities and only y2 s jointly

trade deficits and attempts by the government to raise food pri-
ces. In 1978, a significant propaganda effort was undertaken to
justify past policies by pointing to the increase in consumer
goods. See J. M Montias (1982).

Although a similar relationship would hold for any other
substitute good, we single out the dollar for inclusion on the
basis of its importance. See also Section 3.



determined). Awpriori rj > 0 and [ > 0, since the latter meca-
sures the substitution effect of higher prices in the official
zloty market, whereas the former measures the spillover effect
from that market (i.e., the effect of the excess demand in that
market) as can be seen by combining the - term with the
-PjCAR term in z2.

The third equation of the model is

-E2y2 ¢ ¥3 s zj ¢ 13 (3.3)

and is a partially reduced structural equation that explains y},
the market-clearing price in the second hand car market. The
equation may again be thought of as resulting from equating de-
mand and supply in that market. Supply in this market is likely
to depend on recent past prices and we include (PF/RP)_~ as an
explanatory variable. If supply responds positively to lagged
price and also to current price and if demand has an inverse re-
lation to current price, the autoregressive coefficient £~ will
be positive. The coefficient £} is also expected to be posi-
tive. lhe case of £2 is more difficult. Combining the term-E2y2
with the term -£2(BM$/RP)_1 in z-j shows that £2 measures N the
effect of a recent increase in the real price of blackmarket dol-
lars. This effect is not fully unambiguous. On the one hand, to
the extent that dollars are an important liquid asset, an increase
in the value of dollars generates a positive real balance effect.
On the other hand, if the demand for dollars is inelastic, an
increase in its value generates a negative income effect. A fur-
ther consideration also suggests a negative effect: in critical
times of uncertainty, dollars are a particularly good store of
value (easily and safely stored, etc.) whereas cars are a parti-
cularly unsuitable asset (bulky, subject to damage, and poten-
tially unusable beca'use of gasoline restrictions and other rea-
sons). Hence general increases in the value of dollars may be
related to lower free market prices. On balance we posit a ne-
gative relationship here.

There are a number of alternatives one could consider. Spe-
cifically, the level of personal Income could reasonably be in-



eluded in each equation, since the demand for each type of car
is likely to depend on it. One might well include in the equa-
tions the quantities of other durable good in short supply (e.g.,
housing) in order to measure the spillovers due to rationing in
these markets. The excess demand in the zloty new-car market may
spill over into the market for second hand cars (for a similar
suggestion see Za. Kapitany, J. Kornai, 3 Sza-
a0 (1984)). Some of these other possibilities are briefly dis-
cussed in Section 5. However, we are already estimating 15 pa-
rameters (12 o's, p's, £s an 3 error variances) in the Dbasic
model with 35 effective data points. Any substantial increase in
the number of parameters is likely to create difficulties an we
have attempted to stick to as parsimonious a formulation as pos-
sible, even if not entirely correct from the theoretical point of
view.

The model is a disequilibrium model in that demand for new
cars is not assumed to be equal to supply. In fact, we assume
that we observe the supply (CAR) and that in every period

0 > CAR (3.4)

and that, as usual, the demand 0 is not observed by the econo-
metrician. This makes for a disequilibrium model that is sligh-
tly different from the usual ones. We now turn to the problems
of estimation.

5. Methods of Estimation

Maximum Likelihood; The generally preferred method of esti-
mation for desequilibrium models is maximum likelihood. Tho joint
density (for observable and unobservable variables) 13 obtained
from the structural equations and the unobservable variable is
integrated out over the regions corresponding to the excess de-
mand and excess supply regimes. If no a priori sample separation
is given, the density is the sum of the two integrals. Sinplifying
for the moment by restricting attention to the standard 3imple



disequilibrium model in .which there exists only a demand func-
tion, supply function and min condition, the dan3ity of the
transacted quantity can be written as

h(Q) = Qi(Q)(1 - G2(Q)) ¢ g2(Q)(I - G"Q)) (4.1)

where and g2 are densities and Gj and G2 are the cumulative
distributions of demand (supply) conditional on supply (demand)
and evaluated at Q (M. Hartley (1974)). In the present
case we make the a priori assumption that only excess demand oc-
curs. (For the derivation, see Appendix B.) This is equivalent
to the assumption that the term in (4.1) corresponding to excess
supply (say 02 ¢« (1 - Gj)) is zero which is identical to the as-
sumption that the conditional probability Pr{S>0|Q) * 0. The
likelihood function is then the product over the observations of
terms such as (4.1).

Estimation of the Condensed Model. An alternative approach
is to condense the model by solving equation (3.1) for yj and
substituting this in (3.2). The resulting pair of simultaneous
equations

(PCD & (40 “2n2 7 C4*3 " NAX]T22 K N2+ AN
(4.2)
- e2y2 ¢y, - z3 *1,

is an ordinary nonlinear simultaneous equations system and may
be estimated by FIML. It can be shown (R. E. Quandt (1985),
R. Portes, R E Quandt, S. Ye o (1985)) that
the density function of y2, y} from (4.2) is identical with that
part of the density function derived in Appendix B that <corres-
ponds to the density term in (B.4)1*. Hence the condensed me-
thod is based on the stronger a priori assumption that the pro-
bability that demand exceeds CAR, conditional on supply, equals
unity.

The reader may note for example that the Jacobians of the
respective transformations are equal and that in both cases and

denominator of the density functions contains 6j(62 + 02)r.



Concluding Comments. It is to be noted that in general it is
not obvious that the parameters of the function representing the
'long' side of the market are identified. Sufficient conditions
for identification are not known, although some necessary condi-
tions for identiflability are derived in R. E. Quandt (1985).
These conditions are satisfied for the parameters of the equa-
tions. Even then, the variance of the equation may not be iden-
tified; this can be seen most clearly by inspection from the
condensed model (equation (4.2)). For this reason, in the con-
densed procedure we only estimate a combined variance for the
first equation. In the disequilibrium maximum likelihood method
we arbitrarily fix the value flj at 2.0.

6. Empirical Results

The principal results are displayed in Table 1. Columns are
designated by model number and estimation method. M designates
the disequilibrium maximum likelihood procedure and C tho conden-
sed procedure. Model 1 is the basic one discussed in Section 3
with the proviso that the expectation variable E(BM$ttj) is re-
placed by BM$t i.e., perfect foresight is assumed. In this
model we obtain the real expected future price of dollars by
deflating by RPA. In a variant, we deflate by RP~+j, which im-
plies that the real value of dollars is foreseen perfectly. The
results of this variant are extremely similar to those of Model
1 and are not reported explicitly. In Model 2, the variable INC/
/RP in the demand for new cars is replaced by DFP/RP, where OEP
represents the Bnd-of-quarter deposits of households in savings
institutions. In Model 3 we modify Model 1 by including the spil-
lover term Cr(y™ - CAR) in the equation explaining the price of
second hand cars. In Model 4 we include in this equation the
term £2(INC/RP).

The parameter values have the expected pattern of signs in
Model 1/M. Personal income is not significant in equation (3.1),
although the other coefficients in that equation and in equation
(3.2) are significant. The only significant coefficient in the



Results of estimation

Coefficients 1M

*0
el
“2
e3
*4
*0
Pi
h
€0
el
R
E3

£4

log L

Source:

8

23.117
(0.666)

4.415
(0.598)

-11.849
Y (-2.189)

18.047
(3.515)

164.245
(4.301)

-3.190
(-3.183)

0.023
(4.887)

4.086
(5.449)

-0.330
(-0.451)

0.962
(2.986)

-0.504
(-1.291)

0.480
(0.833)

41.157

t-ratios are given

2/H

37.651
(1.004)

-1.533
(-0.288)

-12.312
(-1.943)

19.484
(3.143)

1B9.116
(3.630)

-3.435
(-3.285)

0.021
(4.128)

4.319
(5.514)

-0.354
(-0.463)

0.969
(2.898)

-0.527
(-1.260)

0.501
(0.830)

41.055

Model3
3/M

31.297
(0.939)

1.112
(0.117)

-14.827
(-2.179)

18.515
(3.187)

187.319
(3.272)

-3.289
(-3.669)

0.021
(3.697)

4.174
(5.401)

-1.434
(-0.589)

2.178
(1.011)

-0.796
(-0.753)

0.323
(0.329)

0.006
(0.673)

42.679

Author’s calculations.

Table

4/M

23.393
(0.167)

4.711
(0.636)

-10.007
(-1.908)

17.731
(3.433)

160.821
(4.262)

-3.059
(-0.929)

0.023
(4 .837)

3.931
(5.369)

-0.757
(-1.305)

0.825
(4.012)

-0.318
(-1.692)

0.435
(1.100)

0.262
(2.349)

44.998

1/C

-5.273
(-0.001)

4.453
(0.604)

-11.843
(-2.187)

18.040
(3.515)

164.200
(4.294)

-2.530
(-0.021)

0.023
(4.879)

4.085
(5.448)

-0.330
(0.451)

0.962
(2.984)

-0.504
(-1.289)

0.481
(0.832)

41.157

in parentheses below the estimates.
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second-hand car price equation is that of the lagged price al-
though all coefficients at least have the expected sign. In par-
ticular we note that the spillover from the normal (zloty) new-
-car market to the PtWLX car market (B.) is positive and signi-
ficant, that the effect of an expected dollar appreciation (aj)

has a significant negative effect on the demand for new zloty
cars, and that a recent past appreciation of the dollar (£2) has
a nonsignificant negative effect on the free market price. The

insignificance of this coefficient may well reflect the confli-
cting influences that the right-hand-side variable was expected
to have on the free market price.

In Modal 3 we also include the spillover from the new zloty
market in aquation (3.3). The effect is a nonsignificant increase
in the log'ikelihoud and a numerically very small measured posi-
tive spillover effect; we thus have no reason for preferring
mudel  3/M.

Model 1/M and 1/C are directly comparable. The likelihood
function values are essentially identical and all coefficients
except two of the constant terms are essentially identical. This
underscores the similarity of the respective likelihood functions
and is compatible with the fact that the estimates in 1/M imply
a value near 1 for 1-¢( ) in the density function CB.3) 1 Model
I/C does a worse job, however, of estimating the constant terms
and tne resulting excess demand predictions are l1le33 plausible.

We also estimated some variants of Models 2/M. Since they use
different variables, they are not nested in 1/M and likelihood
value comparisons are not particularly meaningful. Their coeffi-
cient estimates are broadly similar to those of 1/M without any
particular reason for preferring them to 1/M.

We estimated a model similar to Model 3/M from which, howe-
ver, £j was excluded; it did not differ from Model 3/M material-
ly. We also estimated a model in which the perfect foresight of
BM$t,i “as replaced by an ARVA (4, 4) prediction; this left the
estimates of equations (3.2) and (3.3) largely unchanged but made
the coefficients of the new car demand completely insignificant.

We finally examined whether it is a serious misspecification-
not to include INC/PR in equations (3.2) and (3.3). Its inclusion in (3.2)



yielded a t-value of 0.08 and an increase in the likelihood only
in the 5th place. However, its inclusion in equation (3.3) (Mo-
del 4/M) with coefficient yielded a significant coefficient
and the, likelihood ratio comparison with Model 1/M is also Si-
gnificant at the 0.01 level. We conclude that Model 4/M appears
to be the most reasonable one. Our further discussion is based on
this model and its comparison to Model 1/M.

Setting the error terms equal to zero, the model can be used
to predict demand yx, and then y» - CAR can be interpreted as
the excess demand. Both CAR and this predicted evcess demand are
displayed in Table 2. Returning to our queueing interpretation of
Section 2, we attempt to compute the mean waiting time for new
cars. For this purpose we assume as an approximation that the
total queue length is the sum of th" excess demand and the number

of customers actually serviced; i.e. CAR. Denote the sum of these
by Q (queue) and further assume that in any quarter the queue
length is the expected queue length. Now E(Q) * e/(l-¢) where

e * X/p is defined as the "traffic intensity"; equating e/(l-¢)
to Q allows us to compute ¢, and since we know the service rate
(CAR), we can compute the arrival rate X. Finally, we obtain the

mean waiting time as Q/X (0. T. Phillips, A.Ravin-
drau, J.J. Solberg (1976)). These estimated mean
waiting timee are displayed in the next to last column of Table
2. Models 1/M and 4/M tell rather similar stories. During the
early period, i.e., from 1974 - 1 to sometime in 1979, excess
demand as a percentage of car deliveries ranged from 50.1 to

124.0. At the same time, the mean waiting time was remarkably
steady, ranging from 1* quarters to just over two quarters. This
is substantially shorter than aiecdotal evidence would have it.
It is clear that this computation gives only a point estimate for
the mean waiting time and it is of interest to compute an upper
boundary of an interval estimate (see below). One also notes that
in 1980-1982 there begins a sharp increase in the mean waiting
time, relieved only temporarily in 1901 - 1, and reaches the 42
to 6 quarter range in the 1981 - 3 to 1982 - 2 period, followed
in the last quarter far which we can make a forecast by a sharp
drop in both excess demand and mean waiting time. This final
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Table 2 (contd)

1 2 3 4 5 6 7
1982 - 1 28.2 112.6 102.9 5.03 4.68 11.09
-2 35.1 138.1 115.9 4.96 4. 33 9.17
-3 34.4 63.0 48.1 2.86 2.43 7.36
Source: Author s calculations.
drop may well be due to the existence of gasoline rationing. In

general, the sharp increase in waiting tiroes in 1980-1982 appears
to be correlated with the flagging performance of tha Polish e-
conoroy in this critical period.

To obtain an upper "confidence limit” for the mean waiting
time, we resorted to stochastic simulations of Model 4/M. The
estimated coefficients of the equations were taken toi.be the
mean value and the estimated asymptotic covariance matrix of the
estimates was taken to be the covariance matrix of a normal dis-
tribution. Coefficients were generated by drawing from this
distribution. Equation errors |j, |0, distributed normally
with zero mean and variances equal to those estimated from the
model, were then added and the mean waiting time for each time
period was obtained from the solution of the model. This experi-
ment was replicated 100 times. For each quarter we then deter-
mined the 90th percentile of the distribution of waiting times.
These are displayed in the last column of Table 2. The interpre-
tation of those figures is the same as that of conventional con-
fidence intervals: for example, using a 0.1 level of signifi-
cance, we cannot reject the claim that in 1982 - 1 the mean
waiting time was 11 quarters. There are two particularly note-
worthy things about this last column of Table 2. First, many of
the mean waiting times are quite compatible with the anecdotal
evidence of 2-3 years, and none is less than a year. Secondly,
whereas the point estimates show relatively homogeneous behavior
in the 1970's, the last column shows waiting times in 1974 and
early 1975 about as high as in the critical 1981-1982 period.

We'finally examine the implied price and income elasticities
of the endogenous variables from 4/M. Evaluating the elasticities



of demand for new cars with respect to (real) income from equa-
tion (3.1) yields income elasticities ranging from 0.28 at the
beginning of the period to 0.06 near the end. The corresponding
price elasticities range from -4.64 to -0.6512. Alternatively,
one may obtain the elasticities from the reduced form multipliers.
These are displayed in Table 3. Column 2 shows the income ela-
sticities of yA y2, y} and column 3 shows the official-price e-
lasticities of y1( y2, y?. These are qualitatively similar to
those of equation (3.1) but smaller in absolute value. The key
observation is that the income elasticity of demand for new cars
is very small, whereas the price elasticity is quite substantial,
in fact, greater than unity in absolute value for almost half the
periodl5. With minor exceptions, the price elasticity is decli-
ning in absolute value over the period and particularly low va-
lues are encountered from the middle of 1980 on.

The stochastic simulations can also be used to obtain "con-
fidence limits" for these elasticities. Since tho point esti-
mates of the income elasticities are very low, we are interested
in the upper 9U per cent confidence limit which ranges from a
low of 0.109 to a high of 0.358 and generally increases during
the period under consideration (e.g. the first 12 quarters fi-
gures range from 0.109 to 0.167 and the last 12 quarters from
0.107 to 0.358). In the case of the price elasticities, the point
estimates are increasing over the period and we are therefore
interested in the lower 10X confidence limit. This varies from
-1.464 to -3.455 but in no particular order. The stochastic
simulations therefore are compatible with a small but non-
negligible income elasticity and g sizeable but trendless
price elasticity.

12 These elasticities are obtained for each year by using
the actual values of the variables for that year and computing
[@ yj/a (INC/RP)] [(IMC/RP)/Yj], etc.

131f we consider the variant of the mo«Jel in which income is
included in the second equation, the income -elasticity rises
slightly but is still very low.



T able

Reduced Form elasticities of the demand for
new (zloty) cars from model 4/M

. Years Income Official price
1974 - 1 0.11870 -3.11514
1974 - 2 0.12121 -3.24658
1974 - 3 0.11656 -2.85575
1974 - 4 0.12894 -2.89359
1975 - 1 0.13264 -3.05073
1975 - 2 0.10691 -2.54092
1975 - 3 0.10273 -2.23667
1975 - 4 0.08354 -1.67813
1976 - 1 0.07567 -1.56256
1976 - 2 0.06610 -1.45741
1976 - 3 0.06148 -1.32760
1976 - 4 0.05625 -1.11993
1977 - 1 . 0.05933 -1.13996
1977 - 2 0.0455U1 -0.93771
1977 - 3 0.04941 -0.96630
1977 - 4 0.05657 -1.00526
1970 - 1 0.04310 -0.86377
1978 - 2 0.04832 -0.85985
197H - 3 0.04691 -0.77385
1978 - 4 0.05058 -0.75400
1979 - 1 0.05381 -0.82861
1979 - 2 0.06138 -0.85707
1979 - 3 0.06668 -0.79184
1979 - 4 0.07076 -0.75670
1980 - 1 0.07043 -0.79332
1980 - 2 0.06246 -0.73886
1980 - 3 0.06099 -0.70581
1980 - 4 0.05927 -0.57090
1981 - | 0.08897 -1.16522
1981 - 2 0.07382 -0.92982
1981 - 3 0.05859 -0.77174
1981 - 4 0.04115 -0.44795
1982 - 1 0.04301 -0.71025
1982 - 2 0.03318 -0.54731
1982 - 3 0.05767 -0.93291

Seur c e: Author's calculations.



6. Concluding Remar_k3

It seems that parallel markets in centrally-planned economies
can be subjected to econometric analysis in the future. However,
the methods employed may be slightly different from the tradi-
tions of the applied econometrics. First of all, data are dif-
ficult to obtain and in many cases are subject to severe appro-
ximations. Consequently, the results have to be treated with
additional caution. Secondly, estimation techniques are also dif-
ferent from those applied for models of markets in a more ilei
xible economy. The ‘all-excess-domand hypothesis and permanent
unobservability of some variables require non-tnvial estimation
algorithms. In practice almost every model requires its own spe-
cific method of estimation. Problems of specification and esti-
mation are therefore closely related. Unlike the case of a ge-
nuine market, in a centrally-planned economy price is not suf-
ficiently flexible to indicate the direction and the strength of
the excess demand changes. The estimation problem becomes more
complicated, since one cannot use prices a3 disequilibrium in-
dicators. Finally, the specification of the model must be suffi-
ciently complex as well as sufficiently flexible so as to (1)
accommodate the problems of data availability, (2) cope with the
problem of exhibiting the relation between the 'first' and ‘se-
condl (and in some cases ‘third’) markets.

Our results indicate that disequilibrium econometrics can
provide insights into problems of this kind. The results on par-
ticular car markets are largely in agreement with a priori ex-

pectations as well as with some anecdotal evidence. In par-
ticular, the estimated fall in excess demand and waiting time
at the er.d of 1982 seems to be a good forecaster of events in

the out of sample years 1983-1985, in which the free market car
price declined (mainly because of reduction in demand) and wai-
ting time for the officially delivered cars was substantially
reduced.



Appendix A

Sources and Construction of Data

The following are the principal sources of data:

BLS: Bulletin of labour Statistics, International labour Offi-
ce, 1974-1982.

BS: Biuletyn statystyczny GUS, Warszawo 1974-1902.

CTPM: Official Catalogues of P01IMOZBYT, 1974-1902.

CTPX: Official Catalogues of PFWEX, 1974-1902.

PCY: "Pick's Currency Yearbook" 1975-1979.

PT; "Przeglagd Techniczny" 1903 (Warszawa).

QRP: Quarterly Review for Poland, Economist intelligence Unit,
London 1902.

RS: Rocznik statystyczny GUS, Warszawa 1974-1902.

RSF: Rocznik statystyczny finanséw, Warszawa 1970, 1902.

VE: “Veto" 1902-1903 (Warszawa).

ZG: "Zycie Gospodarcze" 1974-1902 (Warszawa).

All the variables were constructed from raw data. The methods
of construction required numerous adjustments to yield consistent
data series, since in several cases the same source of raw data
was not available for the entire period. We now list the princi-
pal methods of construction and difficulties with the various data
series.

BMS: Black market price of dollars computed as a moving average
from end of period figures in PCY far 1973 - 4 through
1979 - 4. For 1900 - 1 to the end the data came from se-
veral sources, principally from PT, No. 12, 19B3, p. 26.
The annual data in the latter were converted to quarterly
by adjustments based on QRP and VE.

CAR: Deliveries of new cars to official zloty market. The so-
urces are BS and RS. In case of disagreement we took the
more recently published figures. In some cases of overlap-
ping annual and quarterly data, we regarded the former

e 'more accurate and adjusted the quarterly data to agree with
the annual totals.
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INC: Households total personal income in billions of zlotys. The
annual figures in RS were adjusted to yield quarterly fi-
gures on the basis of the raontly figures in BS for the
principal components.

PCD: Index of the official Fiat 12Sp, price from CTPX (1974 *
100.0).

PF; Index of free market price of cars (1974 * 100.9). This was
obtained from the quarterly average prices for seven dif-
ferent types and ages of cars reported in ZG by computing
their principal components. Only the first component acco-
unting for 19B.9X of total variance was used.

PO: Index of the official zloty price for the Fiat 125p, (1974 *
« 1UU.0) from T.TPM
RP: Index of retail prices. Published quarterly in BS up to

the end of 1975. After that the annual price index from RS
was adjusted to provide quarterly interpolations. This re-
lied on quarterly retail sales and on quarterly household
expenditures.

DEP: Household’s deposits in savings institutions. Sources are
RSF, BS, RS.

Appendix B
Derivation of the Likelihood Function

Assume that the error terms , £2, 5} equations (3.1)
to (3.3) are normally distributed with zero means and covarian-
ces and with variances 6%, o?‘ 68 » The joint density of the
endogenous variables for period t then is

|[PCDt - P,(C2 c4 -a2)|
«» | f y2f y3t> = ~ 6]

2

exp {1t'1 [.(.yli--.taZth "ady3t ~rlp

(~Plylt * POOty2t ' z2t)2 + (~£2y2t * y3t ~ z3t)2j | 0
“1 «l J1



On the assumption that demand always exceeds supply (CAR), the

pdf of the observable random variables is
(ve}

hiy2t> y3t* = / fiylt* y2t” y3t)dylt 6 2
CARt

Define

wlt =°2y2t ” ady3t * zIt
w2t * PCOty2t “ *2t

<-e2y2t ¢ y3t * Z3t"
*» M e L

B _ ezt~ 6lplw2t

2 2 2
02 ¢ Pj &

By completing the square on yu and integrating, we obtain

|[PCOt - p,(E<»* - «2}I

a» X 25f AN

“By> e 5]} ¢ [1-0( "rfA

61 *1
and the likelihood function is (B.J)
1 * t hiy2t y3t) * (B.4)

It can be shown by the same technique that if the spillover
term £41Tylt - CARj) is included in equation (3.3), the density
function becones
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where wJt and w,» are as before and

w3t 1 C2v2t 4 y3t " r3r
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MODELOWANIE ROWNOLEGLYCH RYNKOW W GOSPODARCE
CENTRALNIE PLANOWANE]
PRZYPADEK RYNKU SAMOCHOOOWEGO W POLSCE

W prezentowanym artykule zostat sformutowany model dla dobr
trwatego uzytku, w ktérym przyjeto, ze istnienie statej nadwyzki
popytu moze reprezentowaé rdwnowage. Podejscie to zastosowano do
rynku samochodéw w Polsce. Model ten jest ekonometrycznym mode-
lem nieréwnowagi, ukazujgcym statg nadwyzke popytu w trzech od-
dzielnych dziadzinach:

1) rynek nowych samochodéw sprzedawanych na "asygnaty",

2) rynek nowych samochodéw sprzedawanych za dewizy,

3) rynek samochoddéw uzywanych.

Parametry rownan oszacowano metodg najwiekszej wiarygodnosci.
Oszacowane parametry postuzyty do wyprowadzenie $redniego okresu
oczekiwania na nowe samochody.



