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MODELLING PARALLEL MARKET 
IN CENIRALLY PLANNED ECONOMIES 

THE CASE OF THE AUTOMOBILE MARKET IN POLANO

1. I n t r o d u c t i o n

Most e m p i r i c a l  work d e a l i n g  w i t h  s o c i a l i s t  econo mies  a p p e a r s  
t o  be o r i e n t e d  to w a r d s  macroeconomic  p r o b le m s  o r  a t  l e a s t  t o  t h e  
s t u d y  o f  h i g h l y  a g g r e g a t e d  t ime  s e r i e s .  Examples  a r e  p r o v i d e d  by
0 .  H. H o w a r d  ( 1 9 7 6 ) ,  M. L a c k o  ( 1 9 7 5 ) ,  L. P о d-  
k a m i n e r  ( 1 9 8 2 ) ,  R. P o r t e s  and D.  W i n t e r  (1980), 
R. P o r t e s ,  R . E .  Q u a n d t ,  0 . W i n t e r  and
S. Y e о (1 9 8 3 ,  1984,  19 8 5 ) ,  W. W e l f e  ( 1 9 8 3 ) ,  and W. 
C h a r e m z a  and M.  G r o n i c k i  ( f o r t h c o m i n g ) .  Only 
r e l a t i v e l y  i n f r e q u e n t l y  h as  a p a r t i c u l a r  m a rk e t  be en  t h e  t a r g e t  
o f  d e t a i l e d  e m p i r i c a l  i n v e s t i g a t i o n ;  a c a s e  i n  p o i n t  i s  t h e  study 
of  t h e  H u n g a r ia n  c a r  m a rk e t  b y Z .  K a p i t a n y ,  J.  K o r n a i  
and J.  S z a b o  ( 1 9 0 1 ) .

In t h e  p r e s e n t  p a p e r  we examine  t h e  c o m p l i c a t e d  s t r u c t u r e  of  
a c o n s u m e r s '  d u r a b l e s  m arke t  on which  s h o r t a g e s  o c c u r  and which 
g e n e r a t e  p a r a l l e l  mechanisms of  e x c h a n g e .  Such an u n d e r t a k i n g  
d i f f e r s  ma rked ly  from a n a l o g o u s  e n d e a v o r s  i n  t h e  c o n t e x t  o f  f ree-  
- m a r k e t  e co n o m ie s .  Some of t h e  more s a l i e n t  d i f f e r e n c e s  a r e  t h e  
f o l l o w i n g .
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1. In t h e  f r e e - m a r k e t  c o n t e x t  i t  i s  commonly assumed t h a t  
e i t h e r  e q u i l i b r i u m  i s  a t t a i n e d  o r  i f  n o t ,  a c o n t i n u a l  a p p ro a c h  
to  e q u i l i b r i u m  o c c u r s  b e c a u s e  of  a p a r t i a l  a d j u s t m e n t  t o  a d i s 
c r e p a n c y  be tween  d e s i r e d  and a c t u a l  s t o c k s .  In s o c i a l i s t  e c o n o 
mies  p r i c e s  a r e  c o n t r o l l e d  and change  o n ly  i n f r e q u e n t l y  and i t  
i s  commonly a r g u ed  t h a t  s o c i a l i s t  economies  i n v a r i a b l y  e x h i b i t  
e x c e s s  demand ( j .  K o r  n a i  (1 9B 0) ,  3.  P i c k e r s g i l l  
( 1 9 8 0 ) ,  J .  W i  n i e c k i ( 1 9 8 2 ) ,  W. B a l i c k i  (1983)), 
w i t h o u t  any te n d en cy  t o  a p p ro a c h  e q u i l i b r i u m .  Al thoug h t h i s  p r o 
p o s i t i o n  i s  d e b a t a b l e  f o r  a g g r e g a t e  demand and s u p p ly  R. P o r 
t e s  and 0.  W i n t e r  ( 1 9 8 0 ) ,  R. P o r t e s ,  R.  E.  
Q u a n d t ,  0.  W i n t e r  and S.  Y e о (1983, 1904, 1985)), 
we c o n s i d e r  t h e  a s s u m p t i o n  of  pe rm anen t  e x c e s s  demand t o  be r e a 
s o n a b l e  f o r  p a r t i c u l a r  consume rs  d u r a b l e s .

2.  The n o t i o n s  of  p e rm anent  income and r a t i o n a l  e x p e c t a t i o n s  
p l a y  a p r o m i n e n t  r o l e  i n  f r e e - m a r k e t  a p p r o a c h e s  to  c h a r a c t e r i z i n g  
d u r a b l e s  m a r k e ts  (B. S. B e r n a n k n  ( 1 9 8 3 ) ) .  Whether  th e  
change  d e s i r e d  s t o c k s  of  d u r a b l e s  such  аз  с а г з  i s  p r o p o r t i o n a l  to  
permanen t  income i n  s o c i a l i s t  economies  i s  c e r t a i n l y  d e b a t a b l e .  
I t  i s  a l s o  n o t  c l e a r  w h e th e r  t h e  r a t i o n a l  e x p e c t a t i o n s  view i s  
e n t i r e l y  r e a s o n a b l e  i n  an e n v i r o n m e n t  i n  which c e n t r a l  p l a n n e r s  
can a b r u p t l y  a l t e r  b o th  th e  l i f e t i m e  p r o s p e c t s  and t h e  t r a n s i t o r y  
component  of  income.

3. I f  i t  i s  t r u e  t h a t  t h e r e  i s  pe rm anent  e x c e s s  demand,  we 
must  ask  what t h e o r y  of  consumer b e h a v i o r  i 3  c o m p a t i b l e  w i t h  t h a t  
s t a t e  o f  a f f a i r s .  I f  co ns um ers  e x p e c t  t o  be r a t i o n e d ,  t h e n  a t  
l e a s t  a c c o r d i n g  t o  t h e  Qrfeze c o n c e p t ,  t h e i r  e f f e c t i v e  demands 
ough t  n o t  to  e xceed  t h e i r  a l l o t t e d  r a t i o n s .  I t  i s  a l s o  no t  c l e a r  
w h e th e r  consumers  can  be t h o u g h t  of  as  a d j u s t i n g  t h e i r  l a b o r  s u p 
p l y  be tween  work and l e i s u r e  (and  be tween  t h e  normal economy 
and t h e  u n d e r g r o u n d  economy (W. C h a r e m z a  and M.  
G r o n i c k i  ( f o r t h c o m i n g ) )  in  r e s p o n s e  t o  p e r c e i v e d  r a t i o 
n i n g  i n  commodity m a r k e t s .  We must  t h e r e f o r e  i n v e s t i g a t e ,  a t  
l e a s t  s c h e m a t i c a l l y ,  what  k i n d  of  u t i l i t y  f u n c t i o n  i s  c o m p a t i b l e  
* i t h  a r e a s o n a b l e  d e f i n i t i o n  of  pe rm anent  e x c e s s  demand.

4 .  In c o m p a r i s o n  w i t h  f r e e  m arke t  e c o n o m ie s ,  t h e  d a t a  p r o 
b lems a r e  enormou s .  Even f o r  t h e  c a r  m a r k e t ,  f o r  which d a t a  seem 
to  be r e l a t i v e l y  a b u n d a n t ,  no d a t a  a r e  a v a i l a b l e  on t h e  s t o c k  of  
c a r s  an1 so no a g g r e g a t e  e q u a t i o n s  such  as  t h o s e  of G. C. C h o w
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(1 95 7)  can  be e s t i m a t e d .  There a r e  no p a n e l  d a t a  and s o  p r o c e 
d u r e s  su ch  as  t h o s e  of  B. S.  B e r  n a n k e (1 983)  a r e  n o t  
p o s s i b l e .  In  c e r t a i n  s u b m a r k e t s  one  c a n n o t  even  a s c e r t a i n  t h e  
q u a n t i t y  of  c a r s  t r a n s a c t e d .  Under t h e s e  c i r c u m s t a n c e s ,  model 
f o r m u l a t i o n  and e s t i m a t i o n  e r e  go in g  t o  he d i f f i c u l t .

In  S e c t i o n  2 we i n t r o d u c e  a s i m p l e  model of  t h e  consumer  that  
i s  c o m p a t i b l e  w i t h  t h e  s t y l i z e d  f a c t s  o f  th e  m a r k e t .  In  S e c t i o n  
3 we d i s c u s s  t h e  b a s i c  f e a t u r e s  o f  t h e  a u t o m o b i l e  m a r k e t  and spe
c i f y  our  model .  S e c t i o n  4 i s  d e v o t e d  t o  p ro b le m s  of  e s t i m a t i o n  
and S e c t i o n  5 c o n t a i n s  a d i s c u s s i o n  of  r e s u l t s  . S e c t i o n  6 c o n 
t a i n s  some b r i e f  c o n c l u s i o n s .

2 .  A Model of  t h e  Consumer

I t  i S a f a c t  o f  l i f e  in  s o c i a l i s t  econom ies  t h a t  c e r t a i n  
co nsu m ers  d u r a b l e s  su ch  as  c a r s  a r e ,  on t h e  w h o le ,  n o t  r e a d i l y  
a v a i l a b l e .  Consumers have  to  queue  and t h i s  i s  s a i d  t o  be compa
t i b l e  w i t h  t h e  normal  s t a t e  o f  t h e  m a rk e t  (J. K o r n a i  and
3.  W.  W e i b u l l  ( 1 9 7 8 ) ,  B. G. K a t z  and 0.  O w e n  
( 1 9 8 4 ) ) .  An i m p o r t a n t  f e a t u r e  of  such  a s i t u a t i o n  i s  t h a t ,  a t  
any one moment o r  o v e r  any u n i t  p e r i o d ,  t h e  number of  c onsum ers  
r e q u i r i n g  s e r v i c e  (demand) i s  g r e a t e r  t h a n  t h e  number b e i n g  s e r 
v i c e d  ( s u p p l y ) ;  m oreover ,  t h a t  t h i s  s i t u a t i o n  can  r e p r e s e n t  an 
e q u i l i b r i u m  i n  th e  s e n s e  t h a t  t h e r e  a r e  no f o r c e s  t e n d i n g  t o  
change  t h e  qu e u e .  We i l l u s t r a t e  t h i s  w i t h  a ve ry  s i m p l e  mo de l ,  
r e l a t e d  t o  t h a t  d í  С. M. L i n d s a y  and B.  F e i g e n 
b a u m  ( 1 9 8 4 ) ,  and l a c k i n g  th e  e l a b o r a t e n e s s  of  8 .  C. K a t  z 
and J .  O w e n  ( 1 9 8 4 ) .

We p o s i t  t h e  s i m p l e  u t i l i t y  f u n c t i o n

V ( x , y )  = U(x)  ♦ fe~ *wy ( 2 . 1 )

where  x i s  a c o m p o s i t e  good w i t h  p r i c e  n o r m a l i z e d  t o  u n i t y ,  U(x) 
i s  c o n c a v e ,  у = 1 i f  t h e  consumer  e n t e r s  t h e  queue  f o r  t h e  d i u a -

*
We a r e  i n d e b t e d  t o  Gregory  C. Chow and S te p h e n  M. Goldfe ld ,  

B a r b a r a  G. Katz and David Kemme f o r  u s e f u l  comments .  R e s p o n s i b i 
l i t y  f o r  any e r r o r s  i s  ou r  own.



Ule good a t  t h e  p r e s e n t  t ime  and z e r o  o t h e r w i s e ,  w i s  t h e  amount 
of  t ime  he has  to  w a i t  f o r  th e  d e l i v e r y  of  t h e  d u r a b l e  good and 
у i s  a p a r a m e t e r  t h a t  may assume d i f f e r e n t  v a l u e s  f o r  d i f f e r e n t  
c o n s u m e r s 1 . The w a i t i n g  t ime  a c t s  as  a k in d  of  d i s c o u n t  rúte  and 
c o n v e r t s  fu lu r f i  c a r  s e r v i c e s  i n t o  p r e s e n t  u t i l i t y  ( f o r  s i m p l i c i 
ty we assume t h a t  p i s  i d e n t i c a l  f o r  a l l  c o n s u m e r s ) .  The a d 
d i t i v e  s e p a r a b i l i t y  of  t h e  two t y p e s  of  goods  a p p e a r s  r e a s o n a 
b l e  b u t  o t h e r w i s e  t h e  u t i l i t y  f u n c t i o n  i s  ch osen  t o  e x p r e s s  the  
e f f e c t  o f  q u eui ng  as c o n v e n i e n t l y  as p o s s i b l e .  Given an income 
M, t h e  b u d g e t  c o n s t r a i n t  i s

x 1 M i f  t(ie consumer does not e n t e r  the durable goud queue ( 2 . 2 )

x * M -  p o t h e r w i s e

where p i s  t h e  p r i c e  of  t h e  d u r a b l e  good.  The e x p e c t e d  u t i l i t y  of 
th e  consumer  i s

U(M) i f  he does  no t  e n t e r  th e  queue 

U(M - p)  + j E(e~ P w) o t h e r w i s e .

He w i l l  e n t e r  t h e  queue  i f

U(M - p)  ♦ f E ( e "  P" )  > U (M ) .  ( 2 . 3 )

Assume t h a t  ( 2 . 1 )  we have a cont i nuum  of  c o n s u m e rs ,  each  
c h a r a c t e r i z e d  by a p a r t i c u l a r  v a l u e  of  f >  U, w i t h  d e n s i t y  
h ( j f ) ,  and ( 2 . 2 )  a r r i v a l s  i n  t h e  queue  and s e r v i c e  in  t h e  queue 
a r e  i n d e p e n d e n t  w i th  a r r i v a l  and s e r v i c e  r a t e s  \ and r espec t i 
v e l y  ( p > \ . )  and t h a t  t h e  i n t e r a r r i v a l  and i n t e r s e r v i c e  times are 
e x p o n e n t i a l l y  d e s t r i b u t e d  (which  p r e s e r v e s  t h e  Markov p r o p e r t y  
vt t h e  p r o c e s s ) .  In  t h e  p r e s e n t  c o n t e x t  t h e  a r r i v a l  r a t e  i s  t h e  
r a t e  a t  which c u s t o m e r s  a r r i v e  a t  t h e  queue  and t h e  s e r v i c e  r a t e  
i s  t h e  r a t e  a t  which c u s t o m e r s  i n  t h e  queue  o b t a i n  t h e  d u r a b l e  
good.  Then t h e  d e n s i t y  f u n c t i o n  of  w a i t i n g  t ime  w i s

f ( w )  = ( jj -  X ) e - ( H " X)w ( 2 . A)

1 We would g a i n  some g e n e r a l i t y  a t  t h e  c o s t  of  a s u b s t a n t i a l  
i n c r e a s e  i n  c o m p l e x i t y  i f  we n o t e  t h e  u t i l i t y  f u n c t i o n  a s  U(x) + 
+ f f ( w ) ,  w i t h  f ' <  0 ,  f H >  0.
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I t  f o l l o w s  i m m e d ia te ly  t h a t

6
( 2 . 5 )

where  ô = ( p  -  X ) / £  Then ( 2 . 3 )  becomes

r >  (U(M) -  U(M '  p ) )  2 y 0 ( 2 . 6 )

and t h e  f r a c t i o n  of  consum ers  e n t e r i n g  t h e  queue  i s

P r  J h ( f ) d f  « 1 -  H( y Q) 
r o

( 2 . 7 )

where H i s  t h e  c u m u l a t i v e  d i s t r i b u t i o n  f u n c t i o n  of  h .  I f  N i s  
t h e  t o t a l  number o f  c o n s u m e r s ,  t h e  a r r i v a l  r a t e  A. i s  NP. The 
a r r i v a l  r a t o  de pends  on P and i n  t u r n  d e t e r m i n e s  P as  t h e  outcome 
of  o p t i m a l  d e c i s i o n s  by c o n su m e rs ;  an e q u i l i b r i u m  e x i s t s  i f  t h e  
mapping p P p o s s e s s e s  a f i x e d  p o i n t .  The key n o t i o n  h e r e  i s  
t h a t  one  of  t h e  p a r a m e t e r s  of  thB q u e u i n g ,  t h e  a r r i v a l  r a t e ,  i s  
end o g en o u s .  The a r r i v a l  r a t e  ( a s  w e l l  as  t h e  s e r v i c e  r a t e ,  and 
th e  p a r a m e t e r s  of  th e  u t i l i t y  f u n c t i o n )  d e t e r m i n e s  t h e  e x p e c t e d  
w a i t i n g  t i m e  and t h a t  I n f l u e n c e s  t h e  r e s u l t s  o f  u t i l i t y  maximi
z a t i o n ,  which i n  t u r n  d e t e r m i n e s  a new v a l u e  o f  t h e  a r r i v a l  r a te .  
Consumers a r e  i n  e q u i l i b r i u m  I f  no f u r t h e r  a d j u s t m e n t  i s  n e c e s 
s a r y ;  i . e .  i f  t h e  e x p e c t e d  w a i t i n g  t im e  "as sumed"  i n  t h e  u t i l i 
ty  m a x i m i z a t i o n  e x e r c i s e  y i e l d s  anu a r r i v a l  r a t e  which  i m p l i e s  
t h a t  same e x p e c t e d  w a i t i n g  t i m e .  I t  i s  s i m p l e  t o  show t h a t

h a s  a u n i q u e  s o l u t i o n  f o r  P i n  t h e  0 <  P <  1 -  H(yQ) I n t e r v a l .

2
We t a k e  t h e  e x p e c t a t i o n  u n c o n d i t i o n a l l y  ( i . e .  n o t  c o n d i 

t i o n e d  by q u e u e - l e n g t h )  s i n c e  we a r e  more i n t e r e s t e d  in  t h e  c a s e  
in  which  t h i s  v a r i a b l e  i s  n o t  o b s e r v e d .  For a more d e t a i l e d  b u t  
s i m i l a r  de v e lo p m e n t  s e e  B. G. K a t z  and J .  G w e n  ( 1 9 8 5 ) .

P « 1 -  H (U(M) ( 2 . 8 )



Then th e  e x p e c t e d  w a i t i n g  t ime  and queue l e n g t h  c o r r e s p o n d i n g  
t o  t h i s  s o l u t i o n  v a lu e  of  P a r e  t h e m s e l v e s  e q u i l i b r i u m  v a l u e s .

From ( 2 . 0 )  we im m edi a te ly  o b t a i n  s e v e r a l  c o m p a r a t i v e  s t a t i c s  
r e s u l t s .  Denote  by PM, Pp , P^ t h e  p a r t i a l  d e r i v a t i v e s  o f  P w i t h  
r e s p e c t  t o  M, P and Í  r e s p e c t i v e l y ,  and l e t  Д U d e n o t e  U(M) -  
U(M -  p ) .  D i f f e r e n t i a t i n g  ( 2 . 8 ) ,  we o b t a i n

PM - H ' (U'(M - p )  -  U( M) )
N AU

1 + H
( p -  NP)'

-  NP

1 Г NA U 1 
U'(M - p)  /  1 ♦ H'------------ 2J  L (H -  NP)2 J

л и
(я - NP)'

NA U

(jj -  NP)‘

H*, Д U and U a r e  p o s i t i v e  and U ( M  - p)  -  U( M)  i s  n e g a t i v e  (by 
v i r t u e  of  t h e  c o n c a v i t y  of  U). Hence PM>  0 ,  Pp <  0 and P^ >  6 .  
From t h e  l a t t e r  i t  f o l l o w s  t h a t  an i n c r e a s e  i n  t h e  s e r v i c e  r a t e  
i n c r e a s e s  t h e  w i l l i n g n e s s  t o  e n t e r  t h e  qu eu e ,  whoreas  an increase 
i n  £, i . e .  t h e  r a t e  a t  which u t i l i t y  d e c a y s  w i t h  w a i t i n g  time, 
r e d u c e s  t h e  w i l l i n g n e s s  t o  e n t e r  t h e  qu eue .  But no m a t t e r  how the 
p a r a m e t e r s  of  t h e  p roble m c h a n g e ,  i n  e q u i l i b r i u m  t h e r e  w i l l  a l 
ways be a que u e ,  even  though more u n f a v o r a b l e . . с ircuinstances reduce 
t h e  w i l l i n g n e s s  of  consu mers  t o  e n t e r  t h e  qu eu e .

In  t h e  l i g h t  of  t h e  above  i t  i s  c o n v e n i e n t  t o  i n t e r p r e t  excess 
demand i n  t h e  a g g r e g a t e  t ime  s e r i e s  s e n s e  t o  c o n s i s t  o f  t h e  d i f 
f e r e n c e  be tween  th e  q u a n t i t y  demanded by consu me rs  i n  t h e  queue  
on t h e  a v e r a g e  i n  a g i v e n  t im e  i n t e r v a l  and th e  q u a n t i t y  made 
a v a i l a b l e  i n  t h a t  t i m e  i n t e r v a l .  A l th oug h i n  a f low s e n s e  t h e r e  
i s  no e x c e s s  demand i n  t h e  q u e u in g  model ,  s i n c e  t h e  a r r i v a l  ra te  
roust be l e s s  t h a n  t h e  s e r v i c e  r a t e ,  t h e  amount of  goods  consumers 
a r e  w i l l i n g  t o  p u r c h a s e  a t  any one t im e  i n t e r v a l  may be much* 
g r e a t e r  t h a n  t h e  amount of  goods  d e l i v e r e d  i n  t h a t  i n t e r v a l .  The



consumer  o p t i m i z e s  on t h e  b a s i s  o f  h i e  income,  p r i c e s  and waiting 
t i n e  and an e q u i l i b r i u m  emarges  in  which  t h e  w a i t i n g  t i m e  i s  e n 
dogenous  and i s  j o i n t l y  d e t e r m i n e d  by t h e  consumer  s d e c i s i o n  
t o  e n t e r  t h e  qu eue .  A l th ou gh  h i s  e x p e c t a t i o n  of  lo n g  w a i t s  r e 
du ces  h i s  p r o b a b i l i t y  o f  e n t e r i n g ,  ir. e q u i l i b r i u m  t h e r e  i s  no 
r e a s o n  f o r  t h e  queue t o  d i s a p p e a r .  " D i s e q u i l i b r i u m "  i s  thus some
what of  a misnomer :  t h e  l a c k  o f  e q u a l i t y  be tw een  demand and 
s u p p l y  i s  an e q u i l i b r i u m  p r o p e r t y  o f  t h e  s y s t e m .

3. An Example:  The Auto mo bi l e  Market

The m a r k e t s  f o r  c a r s  and d o l l a r s  (a nd  o t h e r  W est e rn  c u r r e n 
c i e s )  a r e  t h e  b e s t  known oxamples  of  p a r a l l e l  m e r k e t s  i n  c e n 
t r a l l y  planned e c o n o m i e s ,  e s p e c i a l l y  i n  P o l a n d .  These m a r k e t s  a r e  
l a r g e  and e x e r t  a s t r o n g  i n f l u e n c e  on s m a l l e r  l e g a l  and i l l e g a l  
f i e l d s  of  p r i v a t e  a c t i v i t y .  They a r e  a l s o  r e l a t i v e l y  w e l l - o r g a -  
n i z e d  and s t a t i s t i c a l  d a t a  a b o u t  them,  however i n c o m p l e t e ,  a r e  
more p l e n t i f u l  t h a n  a b o u t  o t h e r  m a r k e t s .  The P o l i s h  c a r  m ar ke t  
i s  d e s c r i b e d  i n  d e t a i l  by Z, K r a s i ń s k i  e t .  a l .  (1980) 
and by K. S t a r z e c  ( 1 9 8 3 ) .

The c o m p l i c a t e d  s t r u c t u r e  of  t h e  c a r  m a r k e t  i s  d e r i v e d  from 
tho  f a c t  t h a t  v a r i o u s  s y s t e m s  e x i s t  f o r  c o n v e y i n g  new c a r s  from 
t h e  s e l l e r  ( t h e  s t a t e )  t o  c o n s u m e r s .  The i n s t i t u t i o n a l  a r r a n g e 
ments  p r o v i d e  f o r  d i f f e r e n t  p r i c e s  and metho ds  of  payment  in each 
of  t h e  r e s u l t i n g  s u b m a r k e t s .

A ma jo r  d i s t i n c t i o n  i s  be tw een  c a r s  t h a t  a r e  on t h e  m ark e t  
f o r  t h e  f i r s t  t im e  and s e c o n d - h a n d  c a r s  ( t h o u g h  n o t e  t h a t  t h i s  
d i s t i n c t i o n  i s  n o t  t h e  same as  t h a t  b e tw e e n 'n e w  and u s e d  c a r s ,  
s i n c e  some new c a r s  a r e  p u r c h a s e d  f o r  s p e c u l a t i v e  r e a s o n s  and 
a r e  im m e d i a t e l y  r e s o l d ) .  The s u p p l y  of  c a r s  s o l d  f o r  t h e  f i r s t  
t im e  i s  p r e d o m i n a n t l y  from t h e  s t a t e .  In  t h e  p e r i o d  u n d e r  i n 
v e s t i g a t i o n  ( 1 9 7 3 - 1V t o  19B3-IV) t h e  p r i v a t e  i m p o r t a t i o n  of  new 
and us ed  c a r s  wa3 n e g l i g i b l e  and amounted  t o  4.6% of  d e l i v e r i e s  
i n  1974 and 3.6% i n  1979 (Z.  K r a s i ń s k i  e t .  a l .  (1980)). 
The r e s t  o f  t h e  s u p p l y  came from t h e  s t a t e  and c o n s i s t s  of



c a r s  m a n u f a c t u r e d  i n  P o l a n d ,  as  w e l l  as  im p o r te d * .  The c a r s  s o l d  
by t h e  S t a t e  a r e  a c t u a l l y  s o l d  by s t a t e  e n t e r p r i s e s :  p r i m a r i l y  
by PQLMDZBYT, which s e l l s  c a r s  f o r  P o l i s h  c u r r e n c y  ( z l o t y s )  and 
by PEWEX, which s e l l s  c a r s  (and  o t h e r  con su m pt io n  go o d s )  for  U.S. 
d o l l a r s  and o t h e r  h a r d  c u r r e n c i e s 4 . In t h e  1974-1979 p e r i o d  th e  
p e r c e n t a g e  of  t o t a l  s t a t e  d e l i v e r i e s  a c c o u n t e d  f o r  by d o l l a r  
s a l e s  rang ed  from 16 t o  23X ( 7 .  K r a s i ń s k i  e t .  a l .  
( 1 9 8 0 ) ) .

The o f f i c i a l  z l o t y  p r i c e  p a i d  by consumers  t o  P0LM0ZBYT r e 
s u l t s  i n  d e l i v e r y  of  a c a r  a f t e r  a long  p e r i o d  in  t h e  que ue ,  
which a n e c d o t a l  e v i d e n c e  r e p o r t s  a s  measured  in  y e a r s .  The p r i c e  
i s  e x t r e m e l y  s t a b l e :  f o r  t h e  F i a t  125p,  f o r  examp le ,  i t  was 
changed  o n ly  t h r e e  t i m e s  in  t h e  1974-1982 p e r i o d .  This z l o t y  
p r i c e  i s  i n v a r i a b l y  t h e  l o w e s t  p r i c e  a t  which a c a r  can  be p u r 
c h a s e d ^ .  •

The c a r s  s o l d  by PEWEX were u s u a l l y  a v a i l a b l e  w i t h o u t  a p 
p r e c i a b l e  q u eui ng  and o f t e n  of  h i g h e r  q u a l i t y .  A l th oug h i t  i s  
c o n v e n i e n t  h e r e  t o  p r e t e n d  t h a t  a l l  t h e s e  s a l e s  were against  dol
l a r s ,  th ey  were i n  f a c t  a g a i n s t  d o l l a r s  and some o t h e r  h a r d  c u r 
r e n c i e s  as w e l l  as  a g a i n s t  ‘d o l l a r  v o u c h e r s ’ . (Fo r  a s i m i l a r  
p r a c t i c e  i n  Hungary:  s ee  Zs.  K a p i t a n y ,  J .  K o r n a i ,
0.  S z a b о ( 1 9 8 4 ) ) .  The l e g a l  a s p e c t  o f  t h e s e  t r a n s a c t i o n s  
i s  n o t  s t r a i g h t f o r w a r d .  P o l i s h  c i t i z e n s  were a l l o w e d  t o  impo r t  
and p o s s e s s  Weste rn  c u r r e n c i e s  b u t  c o u l d  l e g a l l y  s e l l  them only 
a t  o f f i c i a l  banks  a t  an o f f i c i a l  p r i c e .  O o l l a r  v o u c h e r s ,  on th e  
o t h e r  hand c o u l d  be o b t a i n e d  a t  banks  f o r  d o l l a r s  a t  p a r  and

In 19 74-82 t h e  c a r s  p ro d u c e d  d o m e s t i c a l l y  were m ai n l y  f i a t  
I 2 5 p ,  f i a t  126p,  s y r e n a  and p o l o n e z  ( s i n c e  1978) .  The im po r t  o f  
new c a r s  a c c o u n t e d  f o r  10-30 p e r c e n t  o f  t o t a l  d e l i v e r i e s  and con
s i s t e d  ma in ly  of  skoda  ( f rom C z e c h o s l o v a k i a ) ,  t r a b a n t  ( f rom the  
GDR), and z a p o r o ż e c  ( f rom t h e  USSR).

4
B e s i d e s  PEWEX t h e r e  e x i s t  some o t h e r  e n t e r p r i s e s  a u t h o r i 

zed  v.o s e l l  c a r s  f o r  d o l l a r s  b u t  a r e  of  minor  i m p o r t a n c e .
5 The b a s i c  p r i c e  was s u b j e c t  to  some o t h e r  t y p e s  of  v a r i a 

t i o n .  Sometimes i t  was combined w i t h  a l o t t e r y  f o r  a p l a c e  in the 
qu e u e .  At o t h e r  t i m e s  ( 1 9 7 9 - 8 0 )  an ‘e x p r e s s  p r i c e *  was i n t r o 
duced  which  was s u b s t a n t i a l l y  h i g h e r  th a n  th e  b a s i c  p r i c e  b u t  , in 
e f f e c t  e l i m i n a t e d  q u e u i n g .  There a l s o  e x i s t e d  a combined d o l l a r -  
- z l o t y  p r i c e  as  w e l l  as  a s y s t em  of coupons  t o , a v o i d  queuing t h a t  
was a v a i l a b l e  t o  p r i v i l e g e d  g r o u p s  of  co n su m e rs .  (Z.  K r a s i ń 
s k i  e t .  a l .  ( 1 9 8 0 ) ) .



c o u l d  a l s o  be f r e e l y  t r a d e d  a t  p re su m a b ly  m arke t  c l e a r i n g  p r i c e s  
and a l s o  used  t o  p u r c h a s e  c a r s  a t  PEWEX. The f r e e  m a rk e t  for  dol 
l a r  v o u c h e r s  and t h e  b l a c k  m arke t  f o r  d o l l a r s  a r e  c l o s e l y  r e l a 
t e d  and i n  t h i s  p a p e r  t h e y  a r e  r e g a r d e d  a s  a s i n g l e  m a r k e t .  The 
p r i c e s  of  d o l l a r  v o u c h e r s  and b l a c k  m a rk e t  p r i c e s  f o r  d o l l a r s  
were n e a r l y  i d e n t i c a l  and from t h e  p o i n t  o f  view of t h e  p o t e n t i a l  
c a r  bu ye r  i t  made no d i f f e r e n c e  w h e th e r  be p a i d  PEWEX i n  d o l l a r s  
o r  d o l l a r  v o u c h e r s .  I f  n o t  im p o r te d  from a b r o a d ,  e i t h e r  o f  t h e s e  
i n s t r u m e n t s  had t o  be p u r c h a s e d  p r i v a t e l y .  In  g e n e r a l ,  h a r d  c u r 
r e n c i e s  p l a y e d  a s i g n i f i c a n t  r o l e  i n  p r i v a t e  P o l i s h  economic  
a c t i v i t y .  I t  i s  e s t i m a t e d  t h a t  U.S.  d o l l a r s  i n  c i r c u l a t i o n  in Po
la n d  ra n g ed  from 1 . 5  t o  6 b i l l i o n  d o l l a r s  ( 3 .  M o j k o w s k i
( 1 9 8 4 ) )  and v a r i o u s  e s t i m a t e s  p u t  t h e  month ly  volume of  b l a c k  
m arke t  h a r d - c u r r e n c y  t r a n s a c t i o n s  a l o n e  a t  2 . 5 - 4 . 2  m i l l i o n  d o l 

l a r s 6 .
A t h i r d  markot  f o r  c a r s  i s  t h e  s e con d  hand m arke t  i n  which 

c a r s  a r e  s o l d  by p r i v a t e  f i r m s  s p e c i a l i z i n g  i n  t h e  s a l e  of  second 
hand c a r s ,  by a d v e r t i s i n g  and p r i n c i p a l l y  t h r o u g h  ' c a r  e x c h a n 
g es '  o r g a n i z e d  in  l a r g e  c i t i e s  as  o p e n - a i r  m a r k e t s 7 . The re  i s  
r e a s o n  t o  b e l i e v e  t h a t  p r i c e s  in  t h e  s e c o n d  hand  m a rk e t  ( i n  z l o 
t y s ,  d o l l a r s  o r  d o l l a r  v o u c h e r s )  were m a rk e t  c l e a r i n g .

To summar ize :  t h e r e  a r e  i n  e f f e c t  t h r e e  m a r k e t s  f o r  c a r s  
i n  P o l a n d .  The f i r 3 t  i s  tho  o f f i c i a l  z l o t y  m a rk e t  f o r  new c a r s  
t h a t  d o e 3 n o t  have  a m a r k e t  c l e a r i n g  p r i c e .  The s e c o n d  i s  th e  
o f f i c i a l  d o l l a r  m a rk e t  f o r  new c a r s  (PEWEX) t h a t  i nv o lv es  shor te r 
q u e u e s  and h i g h e r  p r i c e s .  F i n a l l y ,  t h e r e  i s  t h e  second hand market 
in  which q ue ues  a r o  n e g l i g i b l e .  In t h e  l a t t e r  two,  t h e  p r i c e  pre
sumably does  c l e a r  th e  m a r k e t .

K. S t a r z e c  (198 3)  s u g g e s t s  t h a t  d o l l a r s  a r e  b r o 
u gh t  t o  P o la n d  by d i p l o m a t s ,  P o l i s h  c i t i z e n s  te m p o r a r i l y  abroad 
(Seaman,  e t c . ) ;  t o  t h i s  we may add u n d e t e r m i n e d  amounts  of  r e 
m i t t a n c e s  from r e l a t i v e s  i n  Weste rn  c o u n t r i e s .  I t  s h o u l d  be noted 
t h a t  t h e r e  i s  some d i s a g r e e m e n t  ab o u t  what  t h e  f a c t s  a r e :  C. S i -  
m o n (1982 )  e s t i m a t e s  p r i v a t e  h o a r d s  of  U.S.  d o l l a r s  in 1980 
a s  no g r e a t e r  t h a n  300 m i l l i o n .  However,  a l l  s o u r c e s  seem t o  
s t r e s s  t h a t  h a r d  c u r r e n c i e s  r e p r e s e n t  a s u b s t a n t i a l  p a r t  of  t h e  
e n t i r e  s t o c k  of  money i n  p r i v a t e  h a n d s .

7 As i n d i c a t e d  e a r l i e r ,  s e con d  hand c a r s  a r e  n o t  n e c e s s a r i l y  
used  c a r s  i n  t h a t  a new c a r  p u r c h a s e d  f rom t h e  s t a t e  c o u l d  be 
im m e d i a t e l y  r e s o l d  a t  a p r o f i t  i n  t h e  s e c o n d  hand m a r k e t .



4.  The B a s i c  Model

An i d e a l  model would s p e c i f y  demand and s u p p ly  f u n c t i o n s  f o r  
a l l  t h r e e  su b m a rk e ts  and t h e  s t o c k  of c a r s  would p l a y  an im por
t a n t  r o l e  in  t h i s  s p e c i f i c a t i o n  a t  v a r i o u s  p o i n t s .  U n f o r t u n a 
t e l y ,  such  a model would n o t  be p r a c t i c a l  b e c a u s e  key d a t a  r e 
q u i r e d  by i t  a r e  n o t  a v a i l a b l e .  For  t h e  p e r i o d  i n v e s t i g a t e d ,  
1973-IV t o  19B2-IV, we have found no q u a r t e r l y  d a t a  on the s t o c k  
of  c a r s ,  nor  on t h e  q u a n t i t i e s  o f  c a r s  t r a d e d  i n  t h e  PEWEX market 
and in  t h e  seco nd  hand m a r k e t .  In g e n e r a l ,  one would have  to  
c o n s i d e r  t h i s  l a c k  a s e r i o u s  d i s a d v a n t a g e  in  a t t e m p t i n g  t o  e s t i 
mate a c a r  model .  However,  in  Po land  i t  a p p e a r s  r e a s o n a b l e  to 
a rg u e  t h a t ,  b e c a u s e  of  pe rm anent  s h o r t a g e ,  t h e  s t o c k  of  c a r s  has  
n e v e r  r e a c h e d  a l e v e l  a t  which i t  would e x e r t  an a p p r e c i a b l e  e f 
f e c t  on the  demand. We t h e r e f o r e  c o n t e n t  o u r s e l v e s  w i t h  an i n 
f e r i o r  s p e c i f i c a t i o n  i n  which  some of  t h e  s t r u c t u r a l  e q u a t i o n s  
a r e  a l r e a d y  p a r t i a l l y  r e d u c e d ;  i . e .  th ey  s t a n d  be tween  t h e  o r i 
g i n a l  s t r u c t u r a l  e q u a t i o n s  t h a t  would emerge from a g e n t s '  o p t i 
m iz in g  b e h a v i o r  and th e  r e d u c e d  form e q u a t i o n s .

N o t a t i o n . For  s i m p l i c i t y  of  t h e  s u b s e q u e n t  d e r i v a t i o n s  we 
d e n o t e  t h e  j o i n t l y  d e p e n d e n t  v a r i a b l e s  by у ^ , y2 , У у  By Z j ,  z2 , 
Zj we d e n o t e  f u n c t i o n s  of  p r e d e t e r m i n e d  v a r i a b l e s  and pa ra m e 
t e r s .  We f i r s t  d e f i n e  t h e  symbols  as f o l l o w s :

у^ = demand f o r  new c a r s  i n  z l o t y  marke t

у 2 * BMJS/RP

y j  = PF/RP

гу = a  ( l N C / R P b « 2E(BMSf j /RPbOjDUM -w4P0/RP

z2 ;  p 0 • PjCAR + ß 2PQ/RP

z 3 = e 0 ♦ C1( P F / R P ) _ 1 - £ 2 ( bm$ / r p ) _ j ♦ e 3p o / rp

w here8

ä F o r  a .m o re  d e t a i l e d  d e f i n i t i o n  of  v a r i a b l e s  s e e  Appendix A.



BM$ - b l a c k  m arke t  p r i c e  of  U.S.  d o l l a r s ;
RP = r e t a i l  p r i c e  i n d e x ;
PF * z l o t y  p r i c e  of  s e c o n d  hand c a r s ;
INC = nomin a l  p e r s o n a l  income;
OUM = t h e  “s u c c e s s  i l l u s i o n "  dummy e q u a l s  1 f o r  1978 -  1 t o

1979 - 1 and 0 o t h e r w i s e ;
PO = t h e  o f f i c i a l  z l o t y  p r i c e  i n  t h e  new c a r  m a r k e t ;
PCO * t h e  o f f i c i a l  d o l l a r  p r i c e  of  new c a r s  in  t h e  PEWEX 

m a r k e t ;
CAR = q u a n t i t y  of  c a r s  ( s u p p l y )  made a v a i l a b l e  t o  t h e  z l o t y -  

-d e n o m i n a t e d  new c a r  m a r k e t ;
E( ) = e x p e c t a t i o n  of  ( ) ;

$ 2 ’ ^3  * n ° ™ a l l y  d i s t r i b u t e d  e r r o r  t e r m s ,  i n d e p e n d e n t  

o f  one a n o t h e r .

The f i r s t  e q u a t i o n  of  t h e  model i s  t h e  demand f u n c t i o n  f o r  
new c a r s  i n  t h e  z l o t y  m a rk e t  and i s  a p r o p e r  s t r u c t u r a l  equa t ion .  

We s p e c i f y  i t  as

*1 ł  a 2y 2 ‘  e 4y 3 * Z1 * *1 < 3 l >

In view of  t h e  p r e v i o u s  d i s c u s s i o n ,  i t  i s  th e  demand ( p e r  u n i t  
p e r i o d )  o f  a i l  t h o s e  who r e c e i v e  c a r s  from t h e  s t a t e  and who a r e  
w i l l i n g  t o  pay z l o t y s  f o r  them,  p l u s  t h o s e  who a r e  s t i l l  in  
the  q u e u e .  A p r i o r i  we e x p e c t  >  0 ( a n  i n c r e a s e  i n  r e a l  p e r -  
sor.nl  income i n c r e a s e s  c a r  demand ) ,  <*д>0 ( t h e  r e l a t i v e  p r i c e  
e f f e c t ;  t h e  g r e a t e r  i s  t h e  f r e e  m a rk e t  p r i c e  r e l a t i v e  t o  t h e  
o f f i c i a l  new c a r  p r i c e ,  t h e  g r e a t e r  t h e  demand f o r  new c a r s )  and 
a  > 0 .  T hi s  l a t t e r  i s  a t t a c h e d  t o  a dummy v a r i a b l e  which  t a k e s  
v a l u e s  o f  1 d u r i n g  c e r t a i n  q u a r t e r s  ( 19 78-1  t o  1 9 7 0 -1 )  of  t h e  
G i e r e k  Govern/went when t h e  i l l u s i o n  of  s u c c e s s  f o r  t h e  P o l i s h  
economy a p p e a r e d  t o  be w i d e s p r e a d  . The c o e f f i c i e n t  i s  e x p e 
c t e d  t o  be n e g a t i v e .  Combining  t h e  a p p r o p r i a t e  te rm s  on t h e  
l e f t  and r i g h t  hand s i d e  of  e q u a t i o n  ( 3 * 1 )  shows t h a t  i s

The s u b s t a n t i a l  i n v e s t m e n t s  made by t h e  G i e r e k  governm en t  
i n  t h e  f i r s t  h a l f  o f  t h e  1970 s had b a c k f i r e d  f o r  a v a r i e t y  of  
r e a s o n s ,  i n c l u d i n g  bad  h a r v e s t s ,  and l e d  t o  i n c r e a s i n g  f o r e i g n



r e a l l y  t h e  c o e f f i c i e n t  of  E(BM$^j/RP) - BM$/RP; i t  measu re s  
th e  e f f e c t  o f  an e x p e c t e d  r e a l  i n c r e a s e  i n  the  p r i c e  of  d o l l a r s .  
We p o s i t  a n e g a t i v e  s i g n  h e r e  on t h e  gr ounds  of  t h e  s u b s t i t u t i o n  
e f f e c t :  th e  e x p e c t a t i o n  of  more e x p e n s i v e  d o l l a r s  i n  th e  f u t u 
r e ,  w i l l  t e n d  t o  i n c r e a s e  t h e  c u r r e n t  demand f o r  d o l l a r s  and ,  
c e t e r i s  p a r i b u s ,  r e d u c e  t h e  c u r r e n t  demand f o i  new c a r s

The second e q u a t i o n  of  t h e  model can  be t h o u g h t  of  a s  r e s u l 
t i n g  from e q u a t i n g  demand and s u p p l y  of  c a r s  in  t h e  PEWEX market. 
Le t  demand be g i v e n  by 0 = 0(PC0(BM$/RP) , PO/RP, yt -  CAR, INC/RP), 
e x p r e s s i n g  t h a t  demand depends  on own p r i c e  ( r e c a l c u l a t e d  in  
z l o t y s  th r o u g h  t h e  b l a c k  m arke t  d o l l a r  p r i c e ) ,  th e  compet ing pro
d u c t ’s  p r i c e ,  on e x c e s s  of  u n s a t i s f i e d  demand i n  t h e  c o m pe t in g  
m arke t  and on income. I t  i s  much h a r d e r  t o  d e s c r i b e  t h e  s u p p l y  
f u n c t i o n .  Zs.  K a p i t a n y ,  J .  K o r n a i  and J .  S z a- 
b о (1 98 4)  a rg u e  t h a t  s u p p l y  i s  n o t  a f f e c t e d  by p r i c e  •arid p r o 
f i t a b i l i t y  b u t  by t h e  p l a n n e r s ' g e n e r a l  s o c i a l  g o a l s ,  some macro-  
v a r i a b l e s  su ch  as t r a d e  b a l a n c e ,  and by e x c e s s  demand f o r  the  
c a r s .  We t h e r e f o r e  t a k e  s u p p l y  t o  be a l i n e a r  f u n c t i o n  of  excess 
demand i n  t h e  z l o t y  ne w -ca r  m arke t  p l u s  a random e r r o r .  E q u a t i n g  
demand and s u p p l y  y i e l d s  an e q u a t i o n  t h a t  e x p l a i n s  t h e  d o l l a r  
p r i c e  of  PEWEX c a r s .  Income a l r e a d y  a f f e c t s  Ü t h r o u g h  y j  -  CAR 
and we d e l e t e  i t  from 0 i n  t h e  main r u n s  t o  r e d u c e  t h e  number of  
p a r a m e t e r s  t o  be e s t i m a t e d .  ( I n  one  r u n ,  however ,  we r e t a i n  INC/ 
/RP i n  the  e q u a t i o n . )  The seco nd  e q u a t i o n  o f  t h e  model  can th e n  
be w r i t t e n  as

- p lVl  * PCDy2 = z 2 * t 2 ( 3 . 2 )

The " d e p e n d e n t "  v a r i a b l e  e x p l a i n e d  by ( 3 . 2 )  i s  PC0y2 , i . e .  th e  
i m p l i c i t  z l o t y  p r i c e  of  PEWEX c a r s  ( i n  t h i s ,  howe ve r ,  PCO i s  
exog en ou s  and f i x e d  by t h e  a u t h o r i t i e s  and o n ly  y2 i s  j o i n t l y

t r a d e  d e f i c i t s  and a t t e m p t s  by t h e  gove rnme nt  t o  r a i s e  food  p r i 
c e s .  In 1978,  a s i g n i f i c a n t  p ropagand a  e f f o r t  was u n d e r t a k e n  t o  
j u s t i f y  p a s t  p o l i c i e s  by p o i n t i n g  t o  t h e  i n c r e a s e  i n  consumer  
go ods .  See J .  M. M o n t i a s  ( 1 9 8 2 ) .

A l th oug h a s i m i l a r  r e l a t i o n s h i p  would h o l d  f o r  any o t h e r  
s u b s t i t u t e  good,  we s i n g l e  o u t  t h e  d o l l a r  f o r  i n c l u s i o n  on t h e  
b a s i s  o f  i t s  i m p o r t a n c e .  See a l s o  S e c t i o n  3.



d e t e r m i n e d ) .  A p r i o r i  r j  >  0 and [&2 >  0 ,  s i n c e  the l a t t e r  meca- 
s u r e s  t h e  s u b s t i t u t i o n  e f f e c t  o f  h i g h e r  p r i c e s  i n  t h e  o f f i c i a l  
z l o t y  m a r k e t ,  w he reas  t h e  fo rm er  m e a s u r e s  t h e  s p i l l o v e r  e f f e c t  
from t h a t  m ar ke t  ( i . e . ,  t h e  e f f e c t  o f  th e  e x c e s s  demand i n  t h a t  
m a r k e t )  as  can  be s e e n  by com bin in g  t h e  -  t e rm w i t h  t h e
-PjCAR te rm i n  z 2 .

The t h i r d  e q u a t i o n  of  t h e  model i s

-E 2y 2 ♦ У3 s z j  ♦ Í 3 ( 3 . 3 )

and i s  a p a r t i a l l y  r e d u c e d  s t r u c t u r a l  e q u a t i o n  t h a t  e x p l a i n s  y } , 
th e  m a r k e t - c l e a r i n g  p r i c e  in  t h e  s econ d  hand c a r  m a r k e t .  The 
e q u a t i o n  may a g a i n  be t h o u g h t  of  as  r e s u l t i n g  from e q u a t i n g  d e 
mand and s u p p l y  i n  t h a t  m a r k e t .  Supply  in  t h i s  m a r k e t  i s  l i k e l y  
t o  depend  on r e c e n t  p a s t  p r i c e s  and we i n c l u d e  (PF/RP)_^  a s  an 
e x p l a n a t o r y  v a r i a b l e .  I f  s u p p l y  r e s p o n d s  p o s i t i v e l y  t o  l a g g e d  
p r i c e  and a l s o  to  c u r r e n t  p r i c e  and i f  demand h a s  an i n v e r s e  r e 
l a t i o n  to  c u r r e n t  p r i c e ,  t h e  a u t o r e g r e s s i v e  c o e f f i c i e n t  £^ w i l l  
be p o s i t i v e .  The c o e f f i c i e n t  £ } i s  a l s o  e x p e c t e d  t o  be p o s i 
t i v e .  Ihe  c a s e  of  £ 2 i s  more d i f f i c u l t .  Combining t h e  t e r m - E 2y2 
w i t h  t h e  te rm - £ 2 (BM$/RP)_1 i n  z-j shows t h a t  £ 2 m e a s u r e s  л t h e  
e f f e c t  o f  a r e c e n t  i n c r e a s e  i n  t h e  r e a l  p r i c e  of  b la ckm ark e t  dol
l a r s .  Thi s  e f f e c t  i s  n o t  f u l l y  unambiguous .  On t h e  one  h a n d ,  t o  
t h e  e x t e n t  t h a t  d o l l a r s  a r e  an i m p o r t a n t  l i q u i d  a s s e t ,  an increase 
i n  t h e  v a l u e  of  d o l l a r s  g e n e r a t e s  a p o s i t i v e  r e a l  b a l a n c e  e f fe c t .  
On t h e  o t h e r  ha nd ,  i f  t h e  demand f o r  d o l l a r s  i s  i n e l a s t i c ,  an 
i n c r e a s e  i n  i t s  v a l u e  g e n e r a t e s  a n e g a t i v e  income e f f e c t .  A f u r 
t h e r  c o n s i d e r a t i o n  a l s o  s u g g e s t s  a n e g a t i v e  e f f e c t :  in  c r i t i c a l  
t i m e s  of  u n c e r t a i n t y ,  d o l l a r s  a r e  a p a r t i c u l a r l y  good s t o r e  of  
v a l u e  ( e a s i l y  and s a f e l y  s t o r e d ,  e t c . )  w he reas  c a r s  a r e  a p a r t i 
c u l a r l y  u n s u i t a b l e  a s s e t  ( b u l k y ,  s u b j e c t  t o  damage,  and p o t e n 
t i a l l y  u n u s a b l e  beca 'use  of  g a s o l i n e  r e s t r i c t i o n s  and o t h e r  r e a 
s o n s ) .  Hence g e n e r a l  i n c r e a s e s  i n  t h e  v a l u e  o f  d o l l a r s  may be 
r e l a t e d  t o  lo wer  f r e e  m a r k e t  p r i c e s .  On b a l a n c e  we p o s i t  a n e 
g a t i v e  r e l a t i o n s h i p  h e r e .

There a r e  a number of  a l t e r n a t i v e s  one c o u l d  c o n s i d e r .  Sp e 
c i f i c a l l y ,  t h e  l e v e l  o f  p e r s o n a l  Income c o u l d  r e a s o n a b l y  be i n 



e l u d e d  in  ea ch  e q u a t i o n ,  s i n c e  th e  demand f o r  each  t y p e  o f  c a r  
i s  l i k e l y  to  depend on i t .  One might  w e l l  i n c l u d e  i n  th e  e q u a 
t i o n s  t h e  q u a n t i t i e s  of  o t h e r  d u r a b l e  good i n  s h o r t  s u p p ly  ( e . g . , 
h o u s i n g )  i n  o r d e r  t o  measure  t h e  s p i l l o v e r s  due t o  r a t i o n i n g  in 
t h e s e  m a r k e t s .  The e x c e s s  demand i n  t h e  z l o t y  ne w -c a r  m a rk e t  may 
s p i l l  o v e r  i n t o  t h e  m ark e t  f o r  seco nd  hand  c a r s  ( f o r  a s i m i l a r  
s u g g e s t i o n  s e e  Z a .  K a p i t a n y ,  J .  K o r n a i ,  3.  S z a 
ta о ( 1 9 8 4 ) ) .  Some of  t h e s e  o t h e r  p o s s i b i l i t i e s  a r e  b r i e f l y  d i s 
c u s s e d  in  S e c t i o n  5.  However,  we a r e  a l r e a d y  e s t i m a t i n g  15 p a 
r a m e t e r s  (12 o ' s ,  p ' s ,  £ s  an 3 e r r o r  v a r i a n c e s )  i n  th e  b a s i c  
model w i t h  35 e f f e c t i v e  d a t a  p o i n t s .  Any s u b s t a n t i a l  i n c r e a s e  i n  
the  number of  p a r a m e t e r s  i s  l i k e l y  to  c r e a t e  d i f f i c u l t i e s  an we 
have a t t e m p t e d  to s t i c k  t o  a s  p a r s i m o n i o u s  a f o r m u l a t i o n  a s  p o s 
s i b l e ,  even  i f  n o t  e n t i r e l y  c o r r e c t  from t h e  t h e o r e t i c a l  point of 
view.

The model i s  a d i s e q u i l i b r i u m  model i n  t h a t  demand f o r  new 
c a r s  i s  n o t  assumed to  be e q u a l  t o  s u p p l y .  In  f a c t ,  we assume 
t h a t  we o b s e r v e  t h e  s u p p l y  (CAR) and t h a t  i n  e v e r y  p e r i o d

0 > CAR ( 3 . 4 )

and t h a t ,  as  u s u a l ,  th e  demand 0 i s  n o t  o b s e r v e d  by t h e  ec o n o 
m e t r i c i a n .  T h is  makes f o r  a d i s e q u i l i b r i u m  model t h a t  i s  s l i g h 
t l y  d i f f e r e n t  from th e  u s u a l  o n e s .  We now t u r n  t o  t h e  problems 
of  e s t i m a t i o n .

5.  Methods of  E s t i m a t i o n

Maximum L i k e l i h o o d ; The g e n e r a l l y  p r e f e r r e d  method of  e s t i 
m a t i o n  f o r  d e s e q u i l i b r i u m  models i s  maximum l i k e l i h o o d .  Tho jo in t  
d e n s i t y  ( f o r  o b s e r v a b l e  and u n o b s e r v a b l e  v a r i a b l e s )  Í3 obtained 
from t h e  s t r u c t u r a l  e q u a t i o n s  and the  u n o b s e r v a b l e  v a r i a b l e  i s  
i n t e g r a t e d  o u t  o v e r  t h e  r e g i o n s  c o r r e s p o n d i n g  t o  t h e  excess d e 
mand and e x c e s s  supply r e g i m e s .  I f  no a p r i o r i  sample s e p a r a t i o n  
i s  g i v e n ,  t h e  d e n s i t y  i s  th e  sum of  t h e  two i n t e g r a l s .  Sinplifying 
f o r  t h e  moment by r e s t r i c t i n g  a t t e n t i o n  t o  t h e  s t a n d a r d  3imple



d i s e q u i l i b r i u m  model i n  .which t h e r e  e x i s t s  o n ly  a demand f u n c 
t i o n ,  s u p p l y  f u n c t i o n  and min c o n d i t i o n ,  th e  d a n 3 i t y  of  t h e  
t r a n s a c t e d  q u a n t i t y  c an  be w r i t t e n  a s

h(Q)  = Q i (Q)(1  -  G2 (Q) )  ♦ g 2 ( Q ) ( l  -  G ^ Q ) )  ( 4 . 1 )

where and g 2 a r e  d e n s i t i e s  and Gj and G2 a r e  t h e  c u m u l a t i v e  
d i s t r i b u t i o n s  of  demand ( s u p p l y )  c o n d i t i o n a l  on s u p p l y  (demand) 
and e v a l u a t e d  a t  Q (M. H a r t l e y  ( 1 9 7 4 ) ) .  In  t h e  p r e s e n t  
c a s e  we make t h e  a p r i o r i  a s s u m p t i o n  t h a t  o n l y  e x c e s s  demand o c 
c u r s .  (F o r  t h e  d e r i v a t i o n ,  s e e  Appendix B . )  T hi s  i s  e q u i v a l e n t  
t o  t h e  a s s u m p t i o n  t h a t  t h e  te rm i n  ( 4 . 1 )  c o r r e s p o n d i n g  t o  e x c e s s  
s u p p l y  ( s a y  o 2 • (1 -  G j ) )  i s  z e r o  which  i s  i d e n t i c a l  t o  t h e  a s 
s u m p t io n  t h a t  t h e  c o n d i t i o n a l  p r o b a b i l i t y  P r { S > 0 | Q )  * 0 .  The 
l i k e l i h o o d  f u n c t i o n  i s  th e n  t h e  p r o d u c t  o v e r  t h e  o b s e r v a t i o n s  of  
t e rm s  such  as  ( 4 . 1 ) .

E s t i m a t i o n  o f  t h e  Condensed M o d e l . An a l t e r n a t i v e  a p p r o a c h  
i s  t o  c o n d e n s e  t h e  model by s o l v i n g  e q u a t i o n  ( 3 . 1 )  f o r  y j  and 
s u b s t i t u t i n g  t h i s  i n  ( 3 . 2 ) .  The r e s u l t i n g  p a i r  o f  s i m u l t a n e o u s  
e q u a t i o n s

(PCD ♦ (4̂  “ 2 ^ 2  ” °4 *3  " ^ * 1 ” 22 * ^2 + ^1^1 ”
( 4 . 2 )

-  e 2y2 ♦ y ,  -  z 3 * I ,

i s  an o r d i n a r y  n o n l i n e a r  s i m u l t a n e o u s  e q u a t i o n s  sy s t e m  and may 
be e s t i m a t e d  by FIML. I t  can  be shown (R.  E. Q u a n d t  (1985), 
R. P o r t e s ,  R.  E.  Q u a n d t ,  S.  Y e о ( 1 9 8 5 ) )  t h a t  
t h e  d e n s i t y  f u n c t i o n  o f  y2 , у } from ( 4 . 2 )  i s  i d e n t i c a l  w i t h  t h a t  
p a r t  o f  t h e  d e n s i t y  f u n c t i o n  d e r i v e d  i n  Appendix  В t h a t  c o r r e s 
ponds  t o  t h e  d e n s i t y  te rm  i n  ( B . 4 ) 1*. Hence t h e  c o n d e n s e d  me
th od  i s  b a s e d  on t h e  s t r o n g e r  a p r i o r i  a s s u m p t i o n  t h a t  t h e  p r o 
b a b i l i t y  t h a t  demand e x c e e d s  CAR, c o n d i t i o n a l  on s u p p l y ,  e q u a l s  
u n i t y .

The r e a d e r  may n o t e  f o r  example  t h a t  t h e  J a c o b i a n s  of  th e  
r e s p e c t i v e  t r a n s f o r m a t i o n s  a r e  e q u a l  and t h a t  i n  b o t h  c a s e s  and

d e n o m i n a t o r  of  t h e  d e n s i t y  f u n c t i o n s  c o n t a i n s  6 j ( 6 2 + о 2 ) г .



C onc lu d in g  Comments. I t  i s  t o  be n o t e d  t h a t  in  g e n e r a l  i t  i s  
n o t  o b v io u s  t h a t  th e  p a r a m e t e r s  of  th e  f u n c t i o n  r e p r e s e n t i n g  th e  
' l o n g '  s i d e  of  th e  m arke t  a r e  i d e n t i f i e d .  S u f f i c i e n t  c o n d i t i o n s  
f o r  i d e n t i f i c a t i o n  a r e  n o t  known, a l t h o u g h  some n e c e s s a r y  c o n d i 
t i o n s  f o r  i d e n t i f l a b i l i t y  a r e  d e r i v e d  i n  R. E. Q u a n d t  (1985). 
These c o n d i t i o n s  a r e  s a t i s f i e d  f o r  th e  p a r a m e t e r s  of  t h e  e q u a 
t i o n s .  Even t h e n ,  t h e  v a r i a n c e  of  th e  e q u a t i o n  may n o t  be i d e n 
t i f i e d ;  t h i s  can  be se en  most  c l e a r l y  by i n s p e c t i o n  from th e  
condensed  model ( e q u a t i o n  ( 4 . 2 ) ) .  For t h i s  r e a s o n ,  in  t h e  c o n 
d en sed  p r o c e d u r e  we o n ly  e s t i m a t e  a combined v a r i a n c e  f o r  th e  
f i r s t  e q u a t i o n .  In t h e  d i s e q u i l i b r i u m  maximum l i k e l i h o o d  method 
we a r b i t r a r i l y  f i x  t h e  v a l u e  flj a t  2 . 0 .

6.  E m p i r i c a l  R e s u l t s

The p r i n c i p a l  r e s u l t s  a r e  d i s p l a y e d  in  Table  1. Columns a r e  
d e s i g n a t e d  by model number and e s t i m a t i o n  method .  M d e s i g n a t e s  
t h e  d i s e q u i l i b r i u m  maximum l i k e l i h o o d  p r o c e d u r e  and С tho  conden
se d  p r o c e d u r e .  Model 1 i s  t h e  b a s i c  one d i s c u s s e d  in  S e c t i o n  3 
w i t h  t h e  p r o v i s o  t h a t  t h e  e x p e c t a t i o n  v a r i a b l e  E(BM$t t j )  i s  r e 
p l a c e d  by BM$t i . e . ,  p e r f e c t  f o r e s i g h t  i s  assumed.  In t h i s  
model we o b t a i n  t h e  r e a l  e x p e c t e d  f u t u r e  p r i c e  of  d o l l a r s  by 
d e f l a t i n g  by RP^. In a v a r i a n t ,  we d e f l a t e  by R P  ̂+ j , which im
p l i e s  t h a t  t h e  r e a l  v a l u e  of  d o l l a r s  i s  f o r e s e e n  p e r f e c t l y .  The 
r e s u l t s  o f  t h i s  v a r i a n t  a r e  e x t r e m e l y  s i m i l a r  t o  t h o s e  of  Model
1 and a r e  no t  r e p o r t e d  e x p l i c i t l y .  In  Model 2,  t h e  v a r i a b l e  INC/ 
/RP i n  t h e  demand f o r  new c a r s  i s  r e p l a c e d  by DFP/RP, where 0EP 
r e p r e s e n t s  t h e  B n d - o f - q u a r t e r  d e p o s i t s  o f  h o u s e h o l d s  i n  s a v i n g s  
i n s t i t u t i o n s .  In Model 3 we modi fy Model 1 by i n c l u d i n g  the s p i l 
l o v e r  term С^ ( у  ̂ - CAR) in  t h e  e q u a t i o n  e x p l a i n i n g  t h e  p r i c e  of  
s ec on d  hand c a r s .  In Model 4 we i n c l u d e  in  t h i s  e q u a t i o n  the  

te rm £ ^ ( I N C / R P ) .
The p a r a m e t e r  v a l u e s  have  t h e  e x p e c t e d  p a t t e r n  of  s i g n s  in  

Model 1/M. P e r s o n a l  income i s  n o t  s i g n i f i c a n t  in  e q u a t i o n  ( 3 . 1 ) ,  
a l t h o u g h  t h e  o t h e r  c o e f f i c i e n t s  i n  t h a t  e q u a t i o n  and i n  e q u a t i o n
( 3 . 2 )  a r e  s i g n i f i c a n t .  The o n ly  s i g n i f i c a n t  c o e f f i c i e n t  i n  t h e



T a b l e  1

R e s u l t s  o f  e s t i m a t i o n

Model3

C o e f f i c i e n t s 1/M 2/H 3/M 4/M 1/C

*0 23.117
( 0 . 6 6 6 )

37 .651
( 1 . 0 0 4 )

31 .297
( 0 . 9 3 9 )

23 .393
( 0 . 1 6 7 )

- 5 . 2 7 3
( - 0 . 0 0 1 )

e l 4 .4 15
( 0 . 5 9 8 )

- 1 . 5 3 3
( - 0 . 2 8 8 )

1 .112
( 0 . 1 1 7 )

4 .711
( 0 . 6 3 6 )

4 .4 53
( 0 . 6 0 4 )

“ 2 У - 1 1 . 8 4 9  
( - 2 . 1 8 9 )

-1 2 .3 1 2
( - 1 . 9 4 3 )

- 1 4 . 8 2 7
( - 2 . 1 7 9 )

-1 0 . 0 0 7
( - 1 . 9 0 8 )

- 1 1 . 8 4 3  
( - 2 . 1 8 7 )

e 3 18 .047
( 3 . 5 1 5 )

19.484
( 3 . 1 4 3 )

18 .515
( 3 . 1 8 7 )

17.731
( 3 . 4 3 3 )

18 .040
( 3 . 5 1 5 )

*4 164.245
( 4 . 3 0 1 )

1B9 .116 
( 3 . 6 3 0 )

187 .319
( 3 . 2 7 2 )

160 .821
( 4 . 2 6 2 )

164 .200  
( 4 . 2 9 4 )

*0 - 3 . 1 9 0  
( - 3 . 1 8 3 )

- 3 . 4 3 5
( - 3 . 2 8 5 )

- 3 . 2 8 9
( - 3 . 6 6 9 )

- 3 . 0 5 9
( - 0 . 9 2 9 )

- 2 . 5 3 0
( - 0 . 0 2 1 )

Pi 0 . 02 3
( 4 . 8 8 7 )

0 .02 1
( 4 . 1 2 8 )

0 .021
( 3 . 6 9 7 )

0 .0 2 3  
(4 .837 )

0 .0 2 3
( 4 . 8 7 9 )

h 4.0 86
( 5 . 4 4 9 )

4 . 31 9
( 5 . 5 1 4 )

4 .1 74
( 5 . 4 0 1 )

3 .931
( 5 . 3 6 9 )

4 .0 8 5
( 5 . 4 4 8 )

€0 - 0 . 3 3 0
( - 0 . 4 5 1 )

-0 . 3 5 4
( - 0 . 4 6 3 )

- 1 . 4 3 4  
( - 0 . 5 8 9 )

- 0 . 7 5 7
( - 1 . 3 0 5 )

- 0 . 3 3 0
( 0 . 4 5 1 )

e l 0 . 9 6 2
( 2 . 9 8 6 )

0 . 96 9
( 2 . 8 9 8 )

2 . 17 8
( 1 . 0 1 1 )

0 .8 2 5
( 4 . 0 1 2 )

0 .9 6 2
( 2 . 9 8 4 )

; **
- 0 . 5 0 4

( - 1 . 2 9 1 )
-0 . 5 2 7

( - 1 . 2 6 0 )
- 0 . 7 9 6

( - 0 . 7 5 3 )
- 0 . 3 1 8

( - 1 . 6 9 2 )
- 0 . 5 0 4

( - 1 . 2 8 9 )

E3 0. 4 8 0
( 0 . 8 3 3 )

0 .501
( 0 . 8 3 0 )

0 .3 2 3
( 0 . 3 2 9 )

0 .4 3 5
( 1 . 1 0 0 )

0 .4 81
( 0 . 8 3 2 )

£4 - 0 .0 0 6
( 0 . 6 7 3 )

0 .2 6 2
( 2 . 3 4 9 )

-

lo g  L 41. 15 7 41.055 42. 67 9 44 .9 9 8 41 .1 57

S o u r c e :  A u t h o r ’s  c a l c u l a t i o n s .

8 t - r a t i o s  a r e  g i v e n  i n  p a r e n t h e s e s  be low t h e  e s t i m a t e s .



Ы. Duranza, И. (ironickí, R. F.. Uuaridt
se c o n d - h a n d  c a r  p r i c e  e q u a t i o n  i s  t h a t  o f  t h e  l a g g e d  p r i c e  a l 
though a l l  c o e f f i c i e n t s  a t  l e a s t  have t h e  e x p e c t e d  s i g n .  In p a r 
t i c u l a r  we n o te  t h a t  the  s p i l l o v e r  from the  normal ( z l o t y )  new- 
- c a r  m arke t  to  t h e  PťWĽX c a r  m arke t  ( ß . ) i s  p o s i t i v e  and s i g n i 
f i c a n t ,  t h a t  the  e f f e c t  o f  an e x p e c t e d  d o l l a r  a p p r e c i a t i o n  ( a j )  
ha s  a s i g n i f i c a n t  n e g a t i v e  e f f e c t  on the  demand f o r  new z l o t y  
c a r s ,  and t h a t  a r e c e n t  p a s t  a p p r e c i a t i o n  of  t h e  d o l l a r  ( £ 2 ) has  
a n o n s i g n i f i c a n t  n e g a t i v e  e f f e c t  on the  f r e e  m arke t  p r i c e .  The 
i n s i g n i f i c a n c e  of  t h i s  c o e f f i c i e n t  may w e l l  r e f l e c t  th e  c o n f l i 
c t i n g  i n f l u e n c e s  t h a t  t h e  r i g h t - h a n d - s i d e  v a r i a b l e  was e x p e c t e d  
to  have  on t h e  f r e e  m arke t  p r i c e .

In Modal 3 we a l s o  i n c l u d e  t h e  s p i l l o v e r  from t h e  new z l o t y  
m arke t  in  a q u a t i o n  ( 3 . 3 ) .  The e f f e c t  i s  a n o n s i g n i f i c a n t  increase 
in t h e  l o g ' i k e l i h o u d  and a n u m e r i c a l l y  very  s m a l l  me as ur ed  p o s i 
t i v e  s p i l l o v e r  e f f e c t ;  we t h u s  have  no r e a s o n  f o r  p r e f e r r i n g  
mudel 3/M.

Model 1/M and 1/C a r e  d i r e c t l y  c o m p a r a b l e .  The l i k e l i h o o d  
f u n c t i o n  v a l u e s  a r e  e s s e n t i a l l y  i d e n t i c a l  and a l l  c o e f f i c i e n t s  
e x c e p t  two of t h e  c o n s t a n t  t e rms  a r e  e s s e n t i a l l y  i d e n t i c a l .  T h is  
u n d e r s c o r e s  th e  s i m i l a r i t y  of  t h e  r e s p e c t i v e  l i k e l i h o o d  functions 
and i s  c o m p a t i b l e  w i t h  t h e  f a c t  t h a t  th e  e s t i m a t e s  in  1/M imply 
a v a l u e  n e a r  1 f o r  1-ф( ) in  t h e  d e n s i t y  f u n c t i o n  С В. 3) I Model 
l /C does  a worse j o b ,  however ,  of  e s t i m a t i n g  th e  c o n s t a n t  t e rms  
and t n e  r e s u l t i n g  e x c e s s  demand p r e d i c t i o n s  a r e  1езз  p l a u s i b l e .

We a l s o  e s t i m a t e d  some v a r i a n t s  o f  Models 2/M. S i n c e  they use 
d i f f e r e n t  v a r i a b l e s ,  they  a r e  n o t  n e s t e d  in  1/M and l i k e l i h o o d  
v a l u e  co m p a r i s o n s  a r e  n o t  p a r t i c u l a r l y  m e a n i n g f u l .  T h e i r  c o e f f i 
c i e n t  e s t i m a t e s  a r e  b r o a d l y  s i m i l a r  t o  t h o s e  of  1/M w i t h o u t  any 
p a r t i c u l a r  r e a s o n  f o r  p r e f e r r i n g  them t o  1/M.

We e s t i m a t e d  a model s i m i l a r  t o  Model 3/M from whi ch ,  howe
v e r ,  £ j  was e x c l u d e d ;  i t  d i d  n o t  d i f f e r  from Model 3/M m a t e r i a l 
l y .  We a l s o  e s t i m a t e d  a model i n  which t h e  p e r f e c t  f o r e s i g h t  o f  
BM$t , i  “ as  r e p l a c e d  by an ARMA ( 4 ,  4)  p r e d i c t i o n ;  t h i s  l e f t  the  
e s t i m a t e s  of  e q u a t i o n s  ( 3 . 2 )  and ( 3 . 3 )  l a r g e l y  unchanged  but made 
t h e  c o e f f i c i e n t s  o f  th e  new c a r  demand c o m p l e t e l y  i n s i g n i f i c a n t .

We f i n a l l y  examined  w h e th e r  i t  i s  a s e r i o u s  m i s s p e c i f i c a t i o n -  
n o t  t o  i n c l u d e  INC/PR in equations (3 .2)  and (3 .3) .  I t s  inclusion in (3.2)



y i e l d e d  a t - v a l u e  o f  0 . 0 8  and an i n c r e a s e  i n  t h e  l i k e l i h o o d  o n ly  
in  t h e  5 t h  p l a c e .  However,  i t s  i n c l u s i o n  i n  e q u a t i o n  ( 3 . 3 )  (Mo
d e l  4/M) w i t h  c o e f f i c i e n t  y i e l d e d  a s i g n i f i c a n t  c o e f f i c i e n t  
and the ,  l i k e l i h o o d  r a t i o  c o m p a r i s o n  w i t h  Model 1/M i s  a l s o  s i 
g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l .  We c o n c l u d e  t h a t  Model 4/M a p p e a r s  
t o  be t h e  most  r e a s o n a b l e  o n e .  Our f u r t h e r  d i s c u s s i o n  i s  b a s e d  on 
t h i s  model and i t s  c o m p a r i s o n  t o  Model 1/M.

S e t t i n g  t h e  e r r o r  t e r m s  e q u a l  t o  z e r o ,  t h e  model can  be us ed  
t o  p r e d i c t  demand y x , and t h e n  y^ -  CAR can  be i n t e r p r e t e d  as  
t h e  e x c e s s  demand. Both CAR and t h i s  p r e d i c t e d  e v c e s s  demand a r e  
d i s p l a y e d  i n  Ta b le  2.  R e t u r n i n g  t o  ou r  q u e u e i n g  i n t e r p r e t a t i o n  of 
S e c t i o n  2,  we a t t e m p t  t o  compute t h e  mean w a i t i n g  t ime  f o r  new 
c a r s .  For t h i s  p u r p o s e  we assume a s  an a p p r o x i m a t i o n  t h a t  t h e  
t o t a l  queue  l e n g t h  i s  t h e  sum of  t h "  e x c e s s  demand and t h e  number 
of  c u s t o m e r s  a c t u a l l y  s e r v i c e d ;  i . e .  CAR. Denote  t h e  sum o f  these 
by Q ( q u e u e )  and f u r t h e r  assume t h a t  i n  any q u a r t e r  t h e  queue 
l e n g t h  i s  t h e  e x p e c t e d  queue l e n g t h .  Now E(Q) * ę / ( l - ę )  where 
ę * X/p i s  d e f i n e d  as  t h e  " t r a f f i c  i n t e n s i t y " ;  e q u a t i n g  ę / ( l - ę )  
to  Q a l l o w s  us t o  compute ę ,  and s i n c e  we know t h e  s e r v i c e  r a t e  
(CAR), we can compute t h e  a r r i v a l  r a t e  X. F i n a l l y ,  we o b t a i n  the 
mean w a i t i n g  t im e  as  Q/X ( 0 .  T. P h i l l i p s ,  A . R a v i n -  
d r a u ,  J .  J .  S o l b e r g  ( 1 9 7 6 ) ) .  These e s t i m a t e d  mean 
w a i t i n g  t im ee  a r e  d i s p l a y e d  i n  t h e  n e x t  t o  l a s t  column of  Tab le
2. Models 1/M and 4/M t e l l  r a t h e r  s i m i l a r  s t o r i e s .  D ur in g  t h e  
e a r l y  p e r i o d ,  i . e . ,  from 1974 -  1 t o  somet ime i n  1979 ,  e x c e s s  
demand a s  a p e r c e n t a g e  of  c a r  d e l i v e r i e s  r a n g e d  from 50 . 1  t o  
1 2 4 . 0 .  At t h e  same t i m e ,  t h e  mean w a i t i n g  t im e  was r e m a r k a b l y  
s t e a d y ,  r a n g i n g  from 1^ q u a r t e r s  t o  j u s t  o v e r  two q u a r t e r s .  This 
i s  s u b s t a n t i a l l y  s h o r t e r  t h a n  a i e c d o t a l  e v i d e n c e  would have  i t .  
I t  i s  c l e a r  t h a t  t h i s  c o m p u t a t i o n  g i v e s  o n l y  a p o i n t  e s t i m a t e  for  
t h e  mean w a i t i n g  t im e  and i t  i s  o f  i n t e r e s t  t o  compute  an up p e r  
b ou ndary  of  an i n t e r v a l  e s t i m a t e  ( s e e  b e l o w ) .  One a l s o  notes tha t  
i n  1980-1982 t h e r e  b e g i n s  a s h a r p  i n c r e a s e  i n  t h e  mean w a i t i n g  
t i m e ,  r e l i e v e d  o n ly  t e m p o r a r i l y  i n  1901 -  1,  and r e a c h e s  t h e  4^ 
t o  6 q u a r t e r  r a n g e  i n  t h e  1981 - 3 t o  1982 -  2 p e r i o d ,  f o l l o w e d  
i n  t h e  l a s t  q u a r t e r  f a r  which  we c an  make a f o r e c a s t  by a s h a r p  
d r o p  i n  b o t h  e x c e s s  demand and mean w a i t i n g  t i m e .  T hi s  f i n a l



T a b l e  2

Excess  demands and w a i t i n g  t im es

Years Car
E xcess  demand Mean wa i t i ng  time

Mean w a i t i n g  
t i m e  upper  
90% c o n f i d e n 
ce l i m i t  f o r  

4/M1/M 4/M 1/M 4/M

1 2 3 4 5 6 7

1974 -  1 21 .3 1 6 . 7 12 .5 1 .83 1 .63 10.01
-  2 21 .8 17 .0 9 .5 1 .83 1 .48 9 .4 5
-  3 19.7 19 .9 15 .2 2 .0 6 1 .83 10.68
-  4 2 0 . 2 14 . 9 15.3 1 .79 1 .80 10.56

1975 -  1 19.3 15.6 13.9 1 .86 1 .78 10.85
_ 2 26 .0 18 .3 12.9 1.74 1 .54 8 .1 9
_ 3 24.4 20 .6 19.7 1 .89 1 .85 9 .1 2
-  4 41 .3 16.8 17.4 1 .43 1 .45 5 .6 4

1976 - 1 33.3 29 .6 29 .5 1 .92 1.91 7 .28
_ 2 37 .4 32 .5 28 .1 1 .90 1 .78 6 .51
_ 3 34 . 2 31 .0 3 3 .0 1.94 1 .99 7 .3 8
- 4 41.1 33 .2 37 . 2 1 .8 3 1 .92 6 . 4 6

1977 -  1 51 .6 31 .9 30 .5 1 .64 1.61 4 . 9 6
.  2 51 .5 39 .4 4 1 .0 1 .78 1 .82 5 .41
_ 3 4 8 . 5 36 .3 38.1 1 .77 1.81 5 .5 6
- 4 4 1 . 1 35 .0 4 2 .1 1 .88 2 .0 5 6 .5 9

1970 -  1 6 5 .6 31 .5 30.1 1 .50 1.47 4 .0 8
52.5 43 .1 44 . 8 1 .80 1.87 5 .36
47.1 52 .7 55 .5 2 . 14 2 .2 0 6 .0 9
58 .3 40 .4 48 .2 1.71 1.84 5 .0 3

1979 -  1 66 .2 40 .5 38.5 1 .6 3 1 .60 4 .14
_ 2 51 .6 4 4 .8 47 .6 1 .89 1.94 • 5 .37
- 3 49 .6 58 .6 60 .1 2 .2 0 2 .2 3 5 .8 3
-  4 50 .5 54 .7 62 .6 2 .1 0 2 .26 5 .91

1980 - 1 49 .8 53 .7 57 .4 2 .1 0 2 .17 5 .7 5
-  2 40.1 7 2 . 0 73 .8 2 .82 2 .87 7 .4 2

29.0 83 .4 84 .1 3 .91 3 .94 10.38
- 4 45 .7 8 5 . 6 92 .3 2 .9 0 3 .04 6 .8 2

1981 - 1 48 .6 34 .4 4 8 .0 1 .7 3 2 .01 5 .81
-  2 37.8 6 4 . 1 79 .6 2 .7 2 3 .14 8 .1 7
-  3 25.6 90 .7 9 3 . 3 4 .5 8 4 .68 11 .5 3
- 4 31 .3 131.4 126.1 5 .2 3 6 .2 0 10.27



Ta b le  2 ( c o n t d )

1 2 3 4 5 6 7

1982 -  1 28 .2 112.6 102.9 5 .03 4 .6 8 11.09
- 2 35. 1 138.1 115.9 4 .9 6 4. 33 9 .1 7
- 3 34.4 6 3 .0 48 .1 2 .86 2 .4 3 7 . 3 6

S o u r c e :  Author  s  c a l c u l a t i o n s .

d ro p  may w e l l  be due t o  th e  e x i s t e n c e  of  g a s o l i n e  r a t i o n i n g .  In  
g e n e r a l ,  t h e  s h a r p  i n c r e a s e  i n  w a i t i n g  t i roes i n  1980-1982 appears 
to  be c o r r e l a t e d  w i t h  th e  f l a g g i n g  p e r f o r m a n c e  of  t h a  P o l i s h  e -  
conoroy i n  t h i s  c r i t i c a l  p e r i o d .

To o b t a i n  an up p e r  " c o n f i d e n c e  l i m i t ” f o r  t h e  mean w a i t i n g  
t i m e ,  we r e s o r t e d  t o  s t o c h a s t i c  s i m u l a t i o n s  of  Model 4/M. The 
e s t i m a t e d  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  were t a k e n  t o i . b e  t h e  
mean v a l u e  and t h e  e s t i m a t e d  a s y m p t o t i c  c o v a r i a n c e  m a t r i x  of the 
e s t i m a t e s  was t a k e n  t o  be t h e  c o v a r i a n c e  m a t r i x  of  a norm al  d i s 
t r i b u t i o n .  C o e f f i c i e n t s  were g e n e r a t e d  by dr aw in g  from t h i s  
d i s t r i b u t i o n .  E q u a t i o n  e r r o r s  | j ,  | 0 , d i s t r i b u t e d  n o r m a l l y
w i t h  z e r o  mean and v a r i a n c e s  e q u a l  t o  t h o s e  e s t i m a t e d  from t h e  
model ,  were t h e n  added and t h e  mean w a i t i n g  t ime  f o r  e a c h  t ime  
p e r i o d  was o b t a i n e d  from t h e  s o l u t i o n  of  t h e  mode l .  T hi s  e x p e r i 
ment was r e p l i c a t e d  100 t i m e s .  For  e a c h  q u a r t e r  we t h e n  d e t e r 
mined t h e  9 0 t h  p e r c e n t i l e  o f  t h e  d i s t r i b u t i o n  of  w a i t i n g  t i m e s .  
These a r e  d i s p l a y e d  i n  t h e  l a s t  column of  Tab le  2 .  The i n t e r p r e 
t a t i o n  of  t h o s e  f i g u r e s  i s  t h e  same a s  t h a t  o f  convent iona l  con
f i d e n c e  i n t e r v a l s :  f o r  exa m pl e ,  u s i n g  a 0 .1  l e v e l  o f  s i g n i f i 
c a n c e ,  we c a n n o t  r e j e c t  t h e  c l a i m  t h a t  i n  1982 -  1 t h e  mean 
w a i t i n g  t ime  was 11 q u a r t e r s .  There a r e  two p a r t i c u l a r l y  n o t e 
wor thy  t h i n g s  a b o u t  t h i s  l a s t  column of  Table  2 .  F i r s t ,  many of  
t h e  mean w a i t i n g  t i m e s  a r e  q u i t e  c o m p a t i b l e  w i t h  t h e  a n e c d o t a l  
e v i d e n c e  of  2 - 3  y e a r s ,  and none i s  l e s s  t h a n  a y e a r .  S e c o n d l y ,  
w h e r e a s  t h e  p o i n t  e s t i m a t e s  show r e l a t i v e l y  homogeneous b e h a v i o r  
i n  t h e  1 9 7 0 ' s , t h e  l a s t  column shows w a i t i n g  t i m e s  i n  1974 and 
e a r l y  1975 a b o u t  as  h i g h  as  i n  t h e  c r i t i c a l  1981-1982 p e r i o d .

W e ' f i n a l l y  examine  t h e  i m p l i e d  p r i c e  and income e l a s t i c i t i e s  
o f  t h e  endog enous  v a r i a b l e s  from 4/M. E v a l u a t i n g  t h e  e l a s t i c i t i e s



of  demand f o r  new c a r s  w i t h  r e s p e c t  t o  ( r e a l )  income from e q u a 
t i o n  ( 3 . 1 )  y i e l d s  income e l a s t i c i t i e s  r a n g i n g  from 0 . 2 8  a t  t h e  
b e g i n n i n g  of  the  p e r i o d  to  0 . 0 6  n e a r  t h e  end .  The c o r r e s p o n d i n g  
p r i c e  e l a s t i c i t i e s  range  from - 4 . 6 4  t o  - 0 . 6 5 1 2 . A l t e r n a t i v e l y ,  
one may o b t a i n  th e  e l a s t i c i t i e s  from t h e  r e d u c e d  form mult ip l ie rs .  
These a r e  d i s p l a y e d  i n  Tab le  3.  Column 2 shows t h e  income e l a 
s t i c i t i e s  o f  у A, у 2 , y } and column 3 shows t h e  o f f i c i a l - p r i c e  e -  
l a s t i c i t i e s  of  y 1( y2 , y ? . These a r e  q u a l i t a t i v e l y  s i m i l a r  to  
t h o s e  of  e q u a t i o n  ( 3 . 1 )  b u t  s m a l l e r  in  a b s o l u t e  v a l u e .  The key 
o b s e r v a t i o n  i s  t h a t  t h e  income e l a s t i c i t y  of  demand f o r  new c a r s  
i s  ve ry  s m a l l ,  whereas  t h e  p r i c e  e l a s t i c i t y  i s  q u i t e  s u b s t a n t i a l , 
i n  f a c t ,  g r e a t e r  t h a n  u n i t y  i n  a b s o l u t e  v a l u e  f o r  a l m o s t  ha lf  the 
p e r i o d 15 . With minor  e x c e p t i o n s ,  t h e  p r i c e  e l a s t i c i t y  i s  d e c l i 
n in g  in  a b s o l u t e  v a l u e  o v e r  t h e  p e r i o d  and p a r t i c u l a r l y  low v a 
l u e s  a r e  e n c o u n t e r e d  from t h e  m id dl e  of  1980 on.

The s t o c h a s t i c  s i m u l a t i o n s  can a l s o  be u sed  t o  o b t a i n  " c o n 
f i d e n c e  l i m i t s "  f o r  t h e s e  e l a s t i c i t i e s .  S i n c e  tho  p o i n t  e s t i 
ma tes  of  t h e  income e l a s t i c i t i e s  a r e  v e ry  low,  we a r e  i n t e r e s t e d  
in  th e  up p e r  9U p e r  c e n t  c o n f i d e n c e  l i m i t  which r a n g e s  from a 
low of  0 . 1 0 9  t o  a h i g h  of  0 .3 5 8  and g e n e r a l l y  i n c r e a s e s  d u r i n g  
t h e  p e r i o d  un de r  c o n s i d e r a t i o n  ( e . g .  t h e  f i r s t  12 q u a r t e r s  f i 
g u r e s  ra n g e  from 0 .1 0 9  t o  0 .1 6 7  and th e  l a s t  12 q u a r t e r s  from
0 .1 0 7  to  0 . 3 5 8 ) .  In  t h e  c a s e  of  t h e  p r i c e  e l a s t i c i t i e s ,  th e  point 
e s t i m a t e s  a r e  i n c r e a s i n g  o v e r  the  p e r i o d  and we a r e  t h e r e f o r e  
i n t e r e s t e d  i n  t h e  lower  10X c o n f i d e n c e  l i m i t .  This  v a r i e s  from 
- 1 . 4 6 4  t o  - 3 . 4 5 5  b u t  i n  no p a r t i c u l a r  o r d e r .  The s t o c h a s t i c  
s i m u l a t i o n s  t h e r e f o r e  a r e  c o m p a t i b l e  w i t h  a s m a l l  b u t  non-  
n e g l i g i b l e  income e l a s t i c i t y  and ą s i z e a b l e  b u t  t r e n d l e s s  
p r i c e  e l a s t i c i t y .

12 These  e l a s t i c i t i e s  a r e  o b t a i n e d  f o r  e a c h  y e a r  by u s i n g  
t h e  a c t u a l  v a l u e s  o f  t h e  v a r i a b l e s  f o r  t h a t  y e a r  and com pu t in g  
[Э y j / a  ( INC/RP)] [ ( IM C /R P ) /Y j] , e t c .

13I f  we c o n s i d e r  t h e  v a r i a n t  o f  t h e  mo«Jel i n  which  income i s
i n c l u d e d  i n  t h e  s e con d  e q u a t i o n ,  th e  income e l a s t i c i t y  r i s e s
s l i g h t l y  b u t  i s  s t i l l  ve ry  low.



T a b l e  3

Reduced Form e l a s t i c i t i e s  of  t h e  demand f o r  
new ( z l o t y )  c a r s  from model 4/M

• Years Income O f f i c i a l  p r i c e

1974 -  1 0 .1 18 70 -3 . 1 1 5 1 4
1974 -  2 0 .12121 - 3 . 2 4 6 5 8
1974 -  3 0 .11 65 6 -2 . 8 5 5 7 5
1974 - 4 0 .12894 - 2 . 8 9 3 5 9
1975 - 1 0 .1 32 64 -3 . 0 5 0 7 3
1975 -  2 0 .10691 - 2 . 5 4 0 9 2
1975 - 3 0 .1 02 73 -2 . 2 3 6 6 7
1975 -  4 0 .0 8354 -1 . 6 7 8 1 3
1976 - 1 0 .07567 -1 . 5 6 2 5 6
1976 -  2 0 .0 66 10 - 1 .4 5 7 4 1
1976 - 3 0 .06148 - 1 . 32?60
1976 -  4 0 .0 56 25 - 1 . 1 1 9 9 3
1977 -  1 . 0 .0 59 33 -1 . 1 3 9 9 6
1977 -  2 0.0455Й - 0 . 9 3 7 7 1

i 1977 - 3 0 .04941 - 0 . 9 6 6 3 0
1977 -  4 0 .05657 -1 . 0 0 5 2 6
1970 - 1 0 .0 43 10 - 0 . 8 6 3 7 7
1978 - 2 0 .04 832 -0 . 8 5 9 8 5
197H - 3 0 .04691 - 0 .7 7 3 8 5
1978 - 4 0 .05 058 - 0 . 7 5 4 0 0
1979 -  1 0 .05381 - 0 .8 2 8 6 1
1979 -  2 0 .06 138 - 0 . 8 5 7 0 7
1979 -  3 0 .06 668 - 0 . 7 9 1 8 4
1979 -  4 0 .07 076 -0 . 7 5 6 7 0
1980 - 1 0 .07 043 - 0 . 7 9 3 3 2
1980 -  2 0 .0 6246 - 0 .7 3 8 8 6
1980 - 3 0 .06 099 -0 .7 0 5 8 1
1980 - 4 0 .05 927 - 0 . 5 7 0 9 0
1981 -  I 0 .08 897 - 1 . 1 6 5 2 2
1981 -  2 0 .0 7382 - 0 . 9 2 9 8 2
1981 -  3 0 .05 859 - 0 . 7 7 1 7 4
1981 - 4 0 .04 115 -0 . 4 4 7 9 5
1982 -  1 0 .043 01 -0 . 7 1 0 2 5
1982 - 2 0 .03 318 - 0 . 5 4 7 3 1
1982 -  3 0 .057 67 - 0 . 9 3 2 9 1

S e u r  c e: A u t h o r ' s  c a l c u l a t i o n s .



6. Co n cl u d ing  Remar_k3

I t  seems t h a t  p a r a l l e l  m a r k e t s  in  c e n t r a l l y - p l a n n e d  economies 
can  be s u b j e c t e d  to  e c o n o m e t r i c  a n a l y s i s  in t h e  f u t u r e .  However,  
t h e  methods  employed may be s l i g h t l y  d i f f e r e n t  from t h e  t r a d i 
t i o n s  of  th e  a p p l i e d  e c o n o m e t r i c s .  F i r s t  o f  a l l ,  d a t a  a r e  d i f 
f i c u l t  to  o b t a i n  and i n  many c a s e s  a r e  s u b j e c t  t o  s e v e r e  a p p r o 
x i m a t i o n s .  C o n s e q u e n t l y ,  t h e  r e s u l t s  have to  be t r e a t e d  w i t h  
a d d i t i o n a l  c a u t i o n .  S e c o n d l y ,  e s t i m a t i o n  t e c h n i q u e s  a r e  also d i f 
f e r e n t  from t h o s e  a p p l i e d  f o r  models  o f  m a r k e t s  i n  a more i l e i  
x i b l e  economy. The ' a l l - e x c e s s - d o m a n ď  h y p o t h e s i s  and permanent 
u n o b s e r v a b i l i t y  of  some v a r i a b l e s  r e q u i r e  n o n - t n v i a l  e s t i m a t i o n  
a l g o r i t h m s .  In p r a c t i c e  a l m o s t  e v e ry  model r e q u i r e s  i t s  own s p e 
c i f i c  method of  e s t i m a t i o n .  Proble ms  of  s p e c i f i c a t i o n  and e s t i 
m a t i o n  a r e  t h e r e f o r e  c l o s e l y  r e l a t e d .  Un l i k e  t h e  c a s e  of  a g e 
nu i n e  m a r k e t ,  in  a c e n t r a l l y - p l a n n e d  economy p r i c e  i s  n o t  s u f 
f i c i e n t l y  f l e x i b l e  t o  i n d i c a t e  the  d i r e c t i o n  and the  s t r e n g t h  of  
the  e x c e s s  demand c h a n g e s .  The e s t i m a t i o n  proble m becomes more 
c o m p l i c a t e d ,  s i n c e  one c a n n o t  use  p r i c e s  а з  d i s e q u i l i b r i u m  i n 
d i c a t o r s .  F i n a l l y ,  t h e  s p e c i f i c a t i o n  of  th e  model must  be s u f f i 
c i e n t l y  complex as w e l l  as  s u f f i c i e n t l y  f l e x i b l e  so as  t o  ( 1 )  
accommodate t h e  pr ob le m s  of d a t a  a v a i l a b i l i t y ,  ( 2 )  cope w i t h  t h e  
p ro b le m  of e x h i b i t i n g  th e  r e l a t i o n  be tween  th e  ' f i r s t '  and ‘s e 
c o n d 1 (and  i n  some c a s e s  ‘t h i r d ’ ) m a r k e t s .

Our r e s u l t s  i n d i c a t e  t h a t  d i s e q u i l i b r i u m  e c o n o m e t r i c s  can 
p r o v i d e  i n s i g h t s  i n t o  pr o b lem s of  t h i s  k i n d .  The r e s u l t s  on p a r 
t i c u l a r  c a r  m a r k e t s  a r e  l a r g e l y  i n  ag re em ent  w i t h  a p r i o r i  e x 
p e c t a t i o n s  as w e l l  as  w i t h  some a n e c d o t a l  e v i d e n c e .  In p a r 
t i c u l a r ,  th e  e s t i m a t e d  f a l l  i n  e x c e s s  demand and w a i t i n g  t ime  
a t  t h e  er.d of  1982 seems t o  be a good f o r e c a s t e r  o f  e v e n t s  i n  
th e  o u t  o f  sample  y e a r s  1983-1985,  i n  which t h e  f r e e  m a rk e t  c a r  
p r i c e  d e c l i n e d  ( m a in ly  b e c a u s e  of  r e d u c t i o n  i n  demand) and w a i 
t i n g  t ime  f o r  t h e  o f f i c i a l l y  d e l i v e r e d  c a r s  was s u b s t a n t i a l l y  
r e d u c e d .



Append i x A

S o u r c e s  and C o n s t r u c t i o n  of  Data

The f o l l o w i n g  a r e  t h e  p r i n c i p a l  s o u r c e s  o f  d a t a :

BLS: B u l l e t i n  of  l a b o u r  S t a t i s t i c s ,  I n t e r n a t i o n a l  l a b o u r  O f f i 
c e ,  1974-1982.

BS: B i u l e t y n  s t a t y s t y c z n y  GUS, Warszawo 1974-1902 .
C T PM: O f f i c i a l  C a t a l o g u e s  of  P01M0ZBYT, 1974-Г902.
CTPX: O f f i c i a l  C a t a l o g u e s  of  PFWEX, 1974- 190 2.
PCY: " P i c k ' s  C u r r e n c y  Yearbook"  1975-1979.
PT; " P r z e g l ą d  T e c h n ic z n y "  1903 (Warszawa) .
QRP: Q u a r t e r l y  Review f o r  P o l a n d ,  Econo mis t  i n t e l l i g e n c e  U n i t ,  

London 1902.
RS: Rocznik  s t a t y s t y c z n y  GUS, Warszawa 19 74-1 902 .
RSF: R ocz nik  s t a t y s t y c z n y  f i n a n s ó w ,  Warszawa 1970,  1902.
VE: “ Veto" 1902-1903 (Warszawa) .
ZG: " Ż y c ie  G o sp o d a rc z e "  1974-1902 (Warszawa) .

A l l  t h e  v a r i a b l e s  were c o n s t r u c t e d  from raw d a t a .  The methods 
of  c o n s t r u c t i o n  r e q u i r e d  numerous a d j u s t m e n t s  t o  y i e l d  consis tent  
d a t a  s e r i e s ,  s i n c e  i n  s e v e r a l  c a s e s  t h e  same s o u r c e  o f  raw d a t a  
was n o t  a v a i l a b l e  f o r  t h e  e n t i r e  p e r i o d .  We now l i s t  t h e  p r i n c i 
p a l  methods  of  c o n s t r u c t i o n  and d i f f i c u l t i e s  w i t h  t h e  various data 
s e r i e s .

BMS: Black  m a rk e t  p r i c e  of  d o l l a r s  computed  as  a moving average 
from end of  p e r i o d  f i g u r e s  i n  PCY f a r  1973 -  4 t h r o u g h  
1979 -  4 .  For  1900 -  1 t o  t h e  end  t h e  d a t a  came from s e 
v e r a l  s o u r c e s ,  p r i n c i p a l l y  from PT, No. 12 ,  19B3, p .  26 .  
The a n n u a l  d a t a  i n  t h e  l a t t e r  were c o n v e r t e d  t o  q u a r t e r l y  
by a d j u s t m e n t s  b a s e d  on QRP and VE.

CAR: D e l i v e r i e s  of  new c a r s  t o  o f f i c i a l  z l o t y  m a r k e t .  The s o 
u r c e s  a r e  BS and RS. In c a s e  of  d i s a g r e e m e n t  we to o k  th e  
more r e c e n t l y  p u b l i s h e d  f i g u r e s .  In  some c a s e s  o f  overlap
p i n g  a n n u a l  and q u a r t e r l y  d a t a ,  we r e g a r d e d  t h e  f o rm e r  

• 'more  a c c u r a t e  and a d j u s t e d  t h e  q u a r t e r l y  d a t a  t o  agree with 
t h e  a n n u a l  t o t a l s .
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INC: Househol ds  t o t a l  p e r s o n a l  income i n  b i l l i o n s  of  z l o t y s .  The 
an nua l  f i g u r e s  i n  RS were a d j u s t e d  t o  y i e l d  q u a r t e r l y  f i 
g u r e s  on t h e  b a s i s  o f  t h e  raontly f i g u r e s  i n  BS f o r  t h e  
p r i n c i p a l  components .

PCD: Index of  t h e  o f f i c i a l  F i a t  12Sp, p r i c e  from CTPX (1974 * 
1 0 0 . 0 ) .

PF; Index of  f r e e  m arke t  p r i c e  o f  c a r s  (1974 * 1 0 0 . 9 ) .  This was 
o b t a i n e d  from th e  q u a r t e r l y  a v e r a g e  p r i c e s  f o r  se v e n  d i f 
f e r e n t  t y p e s  and a g e s  of  c a r s  r e p o r t e d  i n  ZG by comput in g  
t h e i r  p r i n c i p a l  com ponents .  Only t h e  f i r s t  component  a c c o 
u n t i n g  f o r  19B.9X of t o t a l  v a r i a n c e  was u sed .

P0: Index  of  th e  o f f i c i a l  z l o t y  p r i c e  f o r  t h e  F i a t  125p, (1974 * 
« 1UU.0) from Г.ТРМ.

RP: Index of  r e t a i l  p r i c e s .  P u b l i s h e d  q u a r t e r l y  in  BS up to  
t h e  end of  1975.  A f t e r  t h a t  th e  an n u a l  p r i c e  inde x  from RS 
was a d j u s t e d  t o  p r o v i d e  q u a r t e r l y  i n t e r p o l a t i o n s .  Thi s  r e 
l i e d  on q u a r t e r l y  r e t a i l  s a l e s  and on q u a r t e r l y  h o u s e h o l d  
e x p e n d i t u r e s .

DEP: H o u s e h o l d ’s d e p o s i t s  i n  s a v i n g s  i n s t i t u t i o n s .  S o u r c e s  a r e  
RSF , BS, RS.

Appendix В 

D e r i v a t i o n  of t h e  L i k e l i h ood F u n c t i o n

Assume t h a t  t h e  e r r o r  t e r m s  , £ 2 , 5} e q u a t i o n s  ( 3 . 1 )
t o  ( 3 . 3 )  a r e  n o r m a l l y  d i s t r i b u t e d  w i th  z e r o  means and c o v a r i a n -

2 2 2c e s  and w i t h  v a r i a n c e s  6 ^ ,  ô , 6^ » The j o i n t  d e n s i t y  o f  t h e
endogenous  v a r i a b l e s  f o r  p e r i o d  t  t h e n  i s

|PCDt  -  P,(C2 c 4 - a 2) |
« » I f  y2 f  y3t> = ~  6 j

{t [1 f (yl t  + a 2y2t " a 4y3t ~ г1 р
2

exp T  ----------------

(~Pl yl t  * PCOt y2t '  z2 t )2 + ( ~£2y2t * y3t ~ z3 t )2 j I (0

‘ I  «I J 1



On t h e  a s s u m p t i o n  t h a t  demand a l way s  e x c e e d s  s u p p l y  (CAR), t h e
p d f  of  t h e  o b s e r v a b l e  random v a r i a b l e s  i s

со

hiy2t> y3t* = /  fiylt* y2t’ y3t)dylt (B 2)
CARt

D e f in e

wlt = °2y2t ’ a 4y3t * zlt 

w2t * PCOty2t “ *2t

< - e 2y2 t  ♦ y 3 t  * Z3 t ^
*» ■ --------------ц

e2**lt ' 6lplw2tВ = ----------------------------
1 2 2 202 ♦ Pj «1

2 2 2 2 
e2«it ♦ °lw2tВ с -------------------------

гх 2 2 2 
a2 ♦ e j  o l

By completing the square on yu  and integrating, we obtain 

| P C O t  -  p , ( £ ,< » *  -  « 2 } l

■ » X  ?sf ^

-  B» >  •  * t ] }  * [  1 - ф (  ' r f Ą
6 1 *1

and the likelihood function is (B.J)

1 * t híy2 ť  y3t) (B.4)
• . • * . •• .

It can be shown by the same technique that if the spillover 
term £4 Íylt - CARj) is included in equation (3.3), the density 
function becones
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2 2
®2 Oj ♦ Э2 x 2 ,'i 

I 5 1 (5 i *

я? «2 «2 
C1 2 6 3

f 2 я 2 A2 4 e l °2

62 65“ l t
’I t

в{ o '  S,w2t
*2 *2 
2 63 ♦ B2 C2 6*P, >j

«L«! '>»
£ś 6S ‘ 2

2 t
e 3“ ft

«2 .2 2 
6 1 3W21

?  Г У
3 * Pi e l °3

1
т - т гOn

*2 2 
3W J t

where wJ t  and w,^ a r e  as  b e f o r e  and

w3t 1 C2 v2 t  4 y 3t " гЗ Г

[1] B a l i c k i  W ( 1 9 8 3 ) ,  Theory oi  O i s e q u i l i b r i u s t  i n  
C e n t r a l l y - P l a n n e d  Economies ,  " J a h r b u c h  d e r  W i r t s c h a f t  O s t e 
u r o p a s " ,  No. 10.

[2] B f- r  n a n k e В. S. ( 1 9 0 4 ) ,  Permanent  Income,  L i q u 
i d i t y ,  and E x p e n d i t u r e  on A u to m o b i l e s :  E vid ence  from Pa n e l
O a t a ,  " Q u a r t e r l y  J o u r n a l  o f  E co n o m ic s" ,  No. 99.



[ з ]  C h a r e m z a  W. ,  C r o n i c k i  M. ( f o r t h c o m i n g )  
P l a n s  and D i s e q u i l i b r i a  i n  C e n t r a l l y  P l a n n e d  Economics,  North 
H o l l a n d ,  Amsterdam.

[4 ] C h o w G. С. ( 1 9 5 7 ) ,  Oemand f o r  A u to m o b i l e s  i n  t h e  Uni
t e d  S t a t e s ,  Nor th  H o l l a n d ,  Amsterdam.

[ 5 ] H a r t l e y  M. ( 1 9 7 7 ) ,  On t h e  C a l c u l a t i o n  o f  t h e  Ma
ximum L i k e l i h o o d  E s t i m a t o r  f o r  a Model o f  M arke ts  i n  D i 
s e q u i l i b r i u m ,  D i s c u s s i o n  P a p e r ,  No. 409,  Economic R e s e a r c h  
Group,  SUNY B u f f a l o .

[6 ] H o w a r  d 0.  H. ( 1 9 7 6 ) ,  The D i s e q u i l i b r i u m  Model i n  a 
C o n t r o l l e d  Economy: An E m p i r i c a l  T es t  o f  t h e  Barrow-Grossman 
Model ,  "Amer ican Economic Review", No. 66.

[ 7 ]  K a p i t a n y  Z s . ,  K o r n a i  J . S z a b o  J .  (19B4), 
R e p r o d u c t i o n  o f  S h o r t a g e  on t h e  H u ng a r ia n  Car M a rk e t ,  "So
v i e t  S t u d i e s " ,  No. 36.

[e ] к a t  г B. G., O w e n  0. (1984), Disequi l ib r ium Theory, Waiting 
C o s t s ,  and S avi ng  B e h a v i o r  in  C e n t r a l l y  P l a n n e d  Economies ,  
P a r t  A: Q u e u i n g - T h e o r e t i c  Approach ,  " J o u r n a l  of  C o m p a r a t i 
ve E conom ics" ,  No. 8.

[9 ] K a t  г В. G.,  0 w e n J .  ( 1 9 8 5 ) ,  f l a t i o n i n g  by W a i t in g  
L i s t s .  Comment, New York U n i v e r s i t y ,  G r a d u a te  Sch oo l  of  Bu
s i n e s s  .

[10] K o r n a i  J . ,  W e i b u l l  J .  W. ( 1 9 7 8 ) , The Normal 
S t a t e  of  tho  Market  in  a S h o r t a g e  Economy, P a r t  A: Queue 
Model ,  " S c a n d i n a v i a n  J o u r n a l  of  E conom ic s" ,  No. BO.

[11] K o r n a i  J .  ( 1 9 8 0 ) ,  Economics of  S h o r t a g e ,  N o r t h - H o l -  
l a n d ,  Amsterdam.

[ 12] K r a s i ń s k i  Z. ,  G a r i z a r c z y k  J . , K w i  s-  
s a  B. ,  M r u k  H. ,  R z e p c z y ń s k i  P . , S z u l o
H . ,  (1980) ,  Rynek M o to ry z a c y jn y  w P o l s c e ,  WKiL, Warszawa.

[13] L a c k o  M. ( 1 9 7 5 ) ,  Consumer S a v i n g s  and t h e  Supp ly  S i 
t u a t i o n ,  "Acta  Qeconomica" ,  No. 15.

[ 14J L i n d s a y  C.  M. ,  F e i g e n b a u m  В. ( 1 9 8 4 ) ,  Ra
t i o n i n g  by W a i t i n g  L i s t s ,  "Amer ican Economic R ev ie w " .  No. 
74.

[15] M o j k o w s k i  J .  ( 1 9 8 4 ) ,  D o la r  j inusi  p a r z y ć ,  " P o l i t y -  
k a - E x p o r t - I m p o r t " , n r  9.



[1б] M o n t i a s  J .  M. ( 1 9 8 2 ) ,  P o la n d :  Roots  of  t h e  Economic 
C r i s i s ,  "The ACES B u l l e t i n " ,  No. 24.

[ П ]  P h i l l i p s  D . T . ,  R a v i n d r a u  A . , S o l b e r g  
J .  J .  ( 1 9 7 6 ) ,  O p e r a t i o n s  R e s e a r c h .  P r i n c i p l e s  and P r a c t i 
c e ,  Wi ley ,  New York.

[18] P i c k e r s g i l l  J .  ( 1 9 8 0 ) ,  R e p r e s s e d  I n f l a t i o n  and 
P r i c e  C o n t r o l s  in  t h e  S o v i e t  Household  S e c t o r ,  Research Con
f e r e n c e  on t h e  Second Economy of  t h e  USSR, Kennan I n s t i t u t e  
f o r  Advanced R u s s i a n  S t u d i e s ,  Washin gto n .

[19] P o d k a m i n e r  I .  ( 1 9 8 2 ) ,  E s t i m a t e s  of  t h e  D i s e g u i -  
l i b r i u m  in  P o l a n d ’s Consumer M arke ts  19 65- 197 8,  "Review of 
Economics and S t a t i s t i c s " ,  No. 64.

[20] P o r t e s  R. ,  Q u a n d t  R. E . ,  W i  n t  e r  D. ,
Y e o S. ( 1 9 8 4 ) ,  P l a n n i n g  t h e  Consumpt ion  Goods M arke t .  
P r e l i m i n a r y  E s t i m a t e s  f o r  P oland  1955-1980,  [ i n : ]  Contempo
r a r y  Macroeconomic M o d e l l i n g ,  eds  P. Ma lg ra ng e ,  R. A. Muet, 
Oxford-BlackwuJ  1.

[21] P o r t e s  R. ,  Q u a n d t  R.  E. ,  W i n t e r  Q . , Y e o
S. ( 1 9 8 3 ) ,  Macroeconomic  P l a n n i n g  and D i s e q u i l i b r i u m .  E s 
t i m a t e s  f o r  P ol an d  1955-1980,  D i s c u s s i o n  P a p e r ,  No. 139,  
B i rk b e c k  C o l l e g e ,  London.

[22] P o r t e s  R. ,  Q u a n d t  R . E . ,  W i n t e r  0. ,
Y e o S. ( 19B4) ,  Sur  l a  T a i l l e  d e s  E r r e u r s  de P l a n i f i -  
c a t i o n ,  "A nn ales  de l ' l N S E E " ,  No. 5 5 / 5 6 .

[23] P o r t e s  R. ,  Q u a n d t  R. E. ,  Y e o S. (19B5), Tests 
o f  t h e  'A l l - E x c e s s - O e m a n d  H y p o t h e s i s ,  F i n a n c i a l  R e s e a r c h  
C e n t e r ,  R e s e a r c h  Memo, No. 59,  P r i n c e t o n  U n i v e r s i t y .

[24] P o r t e s  R. ,  W i n t e r  D. ( 1 9 8 0 ) ,  D i s e q u i l i b r i u m  
E s t i m a t e s  f o r  Consumption Goods M arke ts  i n  C e n t r a l l y  Planned 
Econo mies ,  "Review of  Economic S t u d i e s " ,  No. 47.

[25] Q u a n d t  R. E. ( 1 9 8 5 ) ,  On t h e  I d e n t i f i a b i l i t y  of Struc
t u r a l  P a r a m e t e r s  in  A l l - Excess -D em and  D i s e q u i l i b r i u m  Mo
d e l s  F i n a n c i a l  R e s e a r c h  C e n t e r ,  R e s e a r c h  Memo, No. 56, Pr in
c e t o n  U n i v e r s i t y .

[26] S i m o n  C. ( 1 9 8 2 ) ,  L 'Economie  P o l o n a i s e  en Mouvementr 
R eforme s ,  I n f l a t i o n  e t  R e c h e rc h es  de l ' E q u i l i b r e ,  "Revue 
d ' E t u d e s  C o m p a r a t i v e s  E s t - Q u e s t ,  No. 13.

[27] S t  a r  z e с К. ( 1 9 8 3 ) ,  L ’Economie P o l o n a i s e  Vue a Tra* 
v e r s  des  C i r c u i t  P a r a l l e l e s ,  P a r i s  (m im eographed) .



[28] V a n o u s J .  ( I 9 6 0 ) ,  P r i v a t e  F o r e i g n  Exchange  M a rk e ts  
i n  E a s t e r n  Europe  and t h e  USSR, D i s c u s s i o n  P a p e r  No. 8 0 - 2 0 ,  
Depa r tm en t  o f  Econom ics ,  U n i v e r s i t y  of  B r i t i sh  C o lu m bi a ,  Van
c o u v e r  .

[29] W e 1 f  e W. ( 1 9 0 3 ) ,  An A g g r e g a t e  E c o n o m e t r i c  Model of  
Consumer Goods M a rk e ts  i n  D i s e q u i l i b r i u m  WA-1, P a p e r  p r e 
s e n t e d  a t  t h e  Economic S o c i e t y  M e e t i n g s ,  f i s a ,  Augus t  28-  
- S e p te m b e r  3.

[30] W i n i e c k i  J .  ( 1 9 8 2 ) ,  I n v e s t m e n t  C y c l e s  and An Ex
c e s s  Oemand I n f l a t i o n  i n  P la n n e d  Econom ies .  S o u r c e s  and 
P r o c e s s e s ,  "Ac ta  Oeconomica" ,  No. 28.

W. Charemza ,  M. G r o n i c k i ,  R. E. Quandt

MODELOWANIE RÓWNOLEGŁYCH RYNKÖW W GOSPODARCE 
CENTRALNIE PLANOWANEJ 

PRZYPADEK RYNKU SAMOCHOOOWEGO W POLSCE

W prezentowanym a r t y k u l e  z o s t a ł  s form uło wany model d l a  dóbr  
t r w a ł e g o  u ż y t k u ,  w k tórym  p r z y j ę t o ,  że i s t n i e n i e  s t a ł e j  nadwyżki  
p o p y t u  może r e p r e z e n t o w a ć  równowagę.  P o d e j ś c i e  t o  z a s t o s o w a n o  do 
rynku  samochodów w P o l s c e .  Model t e n  j e s t  ekonometrycznym mode
lem n i e r ó w n o w a g i ,  ukazu jący m s t a ł ą  nadwyżkę p o p y tu  w t r z e c h  od 
d z i e l n y c h  d z i a d z i n a c h :

1) ryne k  nowych samochodów sp rz e d a w a n y ch  na " a s y g n a t y " ,
2)  rynek  nowych samochodów sp rz e d a w a n y ch  za d e w iz y ,
3) rynek  samochodów używanych.
P a r a m e t r y  równań oszacowano metodą  n a j w i ę k s z e j  w ia ryg odn ośc i .  

Oszacowane p a r a m e t r y  p o s ł u ż y ł y  do wyprowadzenie  ś r e d n i e g o  o k r e s u  
o c z e k i w a n i a  na nowe samochody.


